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N,N-dimethyl-4-aminopyridine
density functional theory
N,N-dimethylformamide
dimethyl sulfoxide
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
electron-donating group
electron-withdrawing group
equivalent

electrospray ionization

ethyl

electron-withdrawing group
1,1,1,3,3,3-hexafluoropropan-2-ol
high resolution mass spectrum

iso

multiplet

metal
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MOM methoxymethyl

Mp melting point

Ms methanesulfonyl

MS molecular sieve

MW microwave

n normal

NBS N-bromosuccinimide

N.D. not detected

N.R. no reaction

NMR nuclear magnetic resonance
Np naphthyl

)4 para

Ph phenyl

PIDA (diacetoxyiodo)benzene
Piv pivaloyl

Pr propyl

q quartet

quant. quantitative

rt room temperature

s singlet

t triplet

t, tert tertiary

t-Amyl 2-methyl-2-butyl

TBS tributylsilyl

TFA trifluoroacetic acid

TfOH trifluoromethanesulfonic acid
THF tetrahydrofuran

TMS trimethylsilyl

TLC thin-layer chromatography
tol tolyl

Ts toluenesulfonyl

p-TsOH para toluenesulfonic acid
PTLC preparative thin-layer chromatography

uv ultraviolet
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EWG
DC §EWG
ng» /zéx( EWG NR;
D -

EWG N (1
cyclopropane 1 D =donor ZR
ring strain energy
= 27.5 kcal/mol
( § M > (2)
o N—pg N
DG = directing group 4 DG

Scheme 1. Synthesis of nitrogen containing heterocyclic compounds via ring opening reaction of
cyclopropanes.
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SUNRNVEFRGMEERTZE Ty T a R EEEEL TS, Bk KTV UER
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BSOS I BRI ST RS & 7> T b,
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Ar CHO N
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Scheme 2. Lewis acid catalyzed annulation of cyclopropane carbaldehydes and arylhydrazines.
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Scheme 3. Tautomers of hydrazones.
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Scheme 4. Reductive indolization of N-aryl-C-cyclopropylhydrazone.
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(Scheme 5), T72bbH, N>/ uFuab ATt KTV 14 ZFE/ ST V7 L TR
HZETETY =16 NEKRTHZ LA AN LI ANKGEY 7 7 v /Le K7V 14
DAL ~EEL LT=oBlz, 7 a7 axro Csp’)-HIEMEIEREIT L, A X T A4 7L G
WAERRT D, SBIT, ATV A TNVEMRTLHZETHRLIZY 7 e 7o U RBOUT
HEFNVX—OEERE S &35 2 LT, 7 uFu ORIk < Ef OGS HETT
L. TV 18 BPAERT D, &BIC, BIEBEMECERICEITL T, B 7Y —/b 16 DMERT
Ho REISTIET v ve KTV UMENR AT VU Al ofd MM L U THIEEL, 7 a
X ORRBRICHETT 5 B 2TV D

_N. ‘N
j‘l\%H Pd(OAc), (10 mol%), MS4A J\%o
(0] 1
1 R
R 2 t-AmylOH, reflux, air R2
15 16 30 examples
1} TT cyclo-
isomerization
H V\\
% Pd] M
N Pd Ny - N
H” \IN - > IN
RPN Gl N Gtond 0
R2 activation R2 g R2
14’ G 15

Scheme 5. Pyrazole synthesis via C-H activation of N-cyclopropyl acylhydrazones.
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Scheme 6. Heck reaction of N-cyclopropyl acylhydrazones.
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WA, Y7 a7aXrORRKGEFIAT 2 FENMEE SR TWS, Vv raras vl
27.5kcal/mol DOTHTZXNLF—2HH ZOEmWOTAZHMT 5 Z & T ikayiRmMm 72
ST C-CHEGUIWT A2 1 5 BB EIT T 5, 2 v 7 r 7 a N ORRMKIGIZE > TH
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BHEATOEREOAEA L EME SN TS (Scheme 7), 7’ RF— - 7o v 7x Ry
0 a N ATE G L BRI Lo THBEHER O C-C fEE2 K& < 4ois Lyl
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Scheme 7. Synthesis of nitrogen containing heterocyclic compounds using donor-acceptor
cyclopropanes.
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Scheme 8. Ring opening reaction of C-cyclopropylhydrazones.
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g7 a N OBRMIGNFEBR TED EE27-, 2D X D7 Fischer f & K—/U{kiz L &
e ruaruaiAgr RL=U3 G605 g, Shaw HIZ XK - T 1 #loAdgs ST
Wb, ZOWETIE, N-TV—L-C-v7uarat)ie K7V 21a 2T X ) — ViR,
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(Scheme 9, 1), ™ A& Tld, Fischer 1 & K—/UHbn#ITF5 2 & T, AR 70
BELA Y Rb= La BERLZE., BIWA T3 7 a7 a SIS RE S S
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TR ~OREHEIZI Y7 Fa XU RERL, ook RV M BERT S,
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72 (Scheme 9, =\ 2),
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Scheme 9. Reaction of N-aryl-C-cyclopropylhydrazone via spirocyclopropyl indolenine.
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Scheme 10. Reductive Fischer indolization of N-aryl-C-cyclopropylhydrazone.
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s, 29
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Il ||
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Scheme 11. Methods for generation of anhydrous hydrogen iodide.
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Scheme 12. Generation of anhydrous hydrogen iodide from terz-butyl iodide and application
reaction.
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Acetone CHCl, CH,Cly, reflux 2
26 27 28 29: 8% (trans/cis =6: 1)

Scheme 13. Preparation of cyclopropyl aldehyde.

HWNCT, TU—LE RTV 0 9a s r7urabt’ /L7 /LT K29 Ofiaaicl-»Ce
RZY v Fa el T 2Bt 2AT o7 HIOE R T Y IR ECHEET 2 Z L8 T
727> 72 (Scheme 14),

MeO
+ A AcONa
NHrHCE T oHET T Y coyEt \//Z&\
CO,Et

H MeOH rt, 4 h

9a 29 Fa: N.D.

Scheme 14. Preparation of cyclopropyl hydrazone.

ZIZTEe RITYV oo E., F<ERKSZ R —CRTTEITSIESLZ LT, ERT
Y OHBERR TR/ REIC R D & B2, RISFKEEREFT 2 Z L & L (Scheme 15),
FTI0YED4A N T 2= RT V9 bty ar/ v A7 LTe K29 %7
h= R U LG H, Ak T TIbKEFHAERE LT 6.0 HED I VAL tert-7 F /L TULEL L 7=
LA, A2 F—I13aa 1 32%DIRTE LT,

CO,Et

MeO.
\©\ NH,HCI + A tBul (6.0 eq) MeO N\
N2 OHC COEt — >

H MeCN, reflux, 7 h ”
9a 29 13aa: 32%

Scheme 15. One pot reaction of reductive indolization from cyclopropyl aldehyde and

arylhydrazine.

EIRICH E SRR OWT ARLER 29 BRPTHMRINT WD LB R, £ T,
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TNTE ReThvd— N ff#E LTy r7ue7a 784 —)L 10a-d ZHWT, EILHA >
N— V& & MEt L7c (Table 1), £9°. YAF LT EX—/L 10aX° 1,3-TA4FH% 2 10b %
SR Lot &, TAT e R 29 ZHWTZEE & B TIE| iﬂf&—F L7 (entries 1 and
2)e WIT. 44,5,5,-T b T AFN-13-UAF Y T 10¢ ZHWI=HE, KOGTETET, ]
BIDSEI &z, OB, BIAERME LT4A MR T = )/ﬂﬂ%@ﬂ#f?%hﬁo
FENT 1,3-0FF Y 7 2 10d 2 Ve & EITIEED 54%12m L7 (entry4), — 45T, 2
A tert-7 F L DRIV (T a?%ﬂf&%%wtﬁu\E%%ﬁﬁ&hf%%n@#ot
(entry 5). 2D Z LB UHIOBTEIEY | ASUNMTEARJINRUETH D Z L PRI NLT,
T, /7n7utw7ﬁ&—w@7t&—wm%é_m<t%7//k®% B %
RIEL 2228 B 3 A bKFE DA IIFF S 533K & LT, TMSCIUNal % H 2% &0
THRET L2, BERITIK T L7z (entry 6), 2V WRITHER & 7 VAL A2 #R5 L 72 (entries 7-10), &
DR, 7T = RNIADRKETHDHZ R yholc, 7 b= U wixa vl tert-7F
VD E TAKRFESDEBREREST D Z EDRRE SN TNWD I, RIS TIE S V{LKFED
BCDIRAERN, WREIL IS EETSEDLDICEETHD Z ENRB I N, 2 KRIZ,
4-A FFVE RTVVOYRICOWVTRET Lz, RS TIREIERY & LT, 4-A P T
=V 230 DHER SN, ZHUTFEEIO 4-X F Xy T =Lk KTV 9a 283 ULKFEIC
FoT, TUE=T OMBEZ N2 D REZEHRSUCET L, P AR LTZE, S HIC
I MK FBIZ L DB TCSOCVDEITTHZ ETHERLTND EE X TWD (Scheme 16), »
ZOZENLEISICHAEND 44 ¥V T 2=t RIPURKIGRT T T 57
O, /a7 re AT — LT 4-A MR T 2= RV UITBEIESLETH
HEEZ, TZT60MEDOI I tert-7T FINFMEFT T4 A T T 2=l TV
1.0 BEND 2.0 YEITHSCTHEZ Lz (entry 11), Z OB, SR CE IR 516
W23 L 5 V72 O CROGEAR 15 537412 3.0 Y&ED I Uk tert-7 F VA BIML, 51245 57
RS S D & IUERIT 89%ITm L L7z, RIT, 10d DONAREMER 10d° %2 W2 56
IO TMNUE T L (entry 12), 2D Z Dy 7 v 7 a0 ONARALRIIARGIZIE
W EBELE G 2N ERmInTc, U EORFOREENS, 7 = LVIE m*
a7 uen T — T Y= KTV UE 204 E, I U b tert-7 F V% 9.0 ¥ g
HODEUEDRRDBWIEREZ 525 2 LR LN ST,

-
MeO MeO ( MeO
[lfﬁH ! \©\ \©\
+ |
NP ~ N~ ~ NH
H H

H 2

|
9a P 2 30

Scheme 16. Proposed reaction mechanism of aniline generation.
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Table 1. Optimization of reductive indolization reaction.

A

R”  “CO,Et COEL
MeO 10(1.0 eq.) MeO
\©\ «HClI HI source A\
NHNH; MeCN, reflux ”
9a 13aa
HI yield
entry R source solvent time (%)
MeO ‘SL
t-Bul
1 hd (10a) ! MeCN 40 min 23
OMe (6.0 eq.)
0
t-Bul
2 (/\or(10b) u MeCN 30 min 20
(6.0 eq.)
0
Me t-Bul
3 Me \o( ! MeCN 1h N.R.
Me (10c) (6.0 eq.)
Me
0 _Bul
49) <:( tBu MeCN 30 min 54
O (10d) (6.0 eq.)
5 0\(%‘& aq. 57% Hl MeCN 1h Trace
</o (10d) (6.0 eq.)
6 TMSCI/Nal MeCN 15h 20

0%
<:o( (10d) (6.0eq.)
7 {\(ﬁ‘- t-Bul EtOH 3h 15

O (10d) (6.0+3.0 eq.)

g® O\(L%l t-Bul toluene 3h N.D.
</o (tod) ~ (6.0eq)

9® {\(ﬁ tBul DMSO 30 min N.D.
O (10d) (6.0 eq.)

10% O\(ﬁ“ tBul THF 2h N.D.
</o (1od)y  (6.0eq)

119 {\(L&‘ tBul MeCN 1h 89
o (10d)

(6.0+3.0 eq.)

t-Bul MeCN 1h 83

129) Oﬁ“fh‘
</o (1od") (6.0+3.0eq))

a) MS3A was added. b) 9a (1.2 eq.) was used. c) 9a (2.0 eq.) was used.
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H2H SUSEEEDOF

P

A i DHEE SOOI % Scheme 17 123, £3, 7U—/b KTV 9a kb rurn
BT EZ—110d b RTY 2 Fa BERKT D, % DF% Fischer A & F—/ALKS 31
ITL, AvrA L R=r a BEKRT D, I UIA A0 1la DT AT )L B LIS KREL
WS 5L, a7 VX0 31a BAERKT D (path b), 3la [TIE LIS D SMEMEL |
2raA 2 RY v Na ~OWISHETT 5, —FH, TAT VO a (L REXET L5 L
0-F— R 27 /L 12a DMERKR L, RA[HRIZEITT SN THRIOA » R—/L 13aa BAERKT D
EEZTW5 (patha),

MeO H Meo\@\
0 OEt
\©\ . &YA”/ \ N,N%/A\”/OEt
NHNH, o o ho~OH H 0
9a 10d Fa
-
'b/ )a OEt OEt
Fischer th b :
indolization MeO (0] pa MeO 0

) A\

N + N

H H

1a 31a
path a
! 0
I OEt
OEt
MeO — MeO

\y O A\

N N

H H

12a 13aa

Scheme 17. Proposed reaction pathway of reductive indolization.

WIZ, REOGEDFEIZ DWW TEL N DEEREIZ /31T CREL <@ %,

1. =— R AT /VHEA 31a, 12a BAERKT 5 SSREE (9a, 10d — 31a,12a)

2. Av¥mryvzuarub Ay RL=" 1la b A > F—/b 13aa DAERKT D iR
(11a—13aa)

1. 33— R A7 /LRI 31a, 122 HMERKT D UG FEE

4-A "X 7= RTVUERRE9a L/ e a AT v X —L 10d DEEIREY
7% b= KU ARG F, 3.0 48D I T tert-7 TV LIRA LT S RIS &5 1L S
A BharhuEEE L O B-I— R AT/ 31a L EHHD -3 — R 27 /L 12a 8
5:1 DT B (Scheme 18, 1), & HIZ, I — R AT /VDORAGW % 3 V1L tert-7
FNTUET B &, BIEOA » R—/V 13aa 23 35%DIERTH LN (X2), LEDZ &
5, B-F— R AT )L 3la & a-F— RT A7)V 12a DIREVDARSUEOHRIETH DL Z &
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DR ST, 728, B-F— R A7V 31a OERKLD a-F— R 27 /L 12a (2R TH
MoOTEHIZCHOWNWT, IHA F BN AY a7 a7 aRy ~RERE S>3 A2,
KEEOEBEN/NINWT AT VO B A TORICHER LD THDHEEZTND
(Scheme 19),

! CO,Et
MeO
N
MeO t-Bul (3.0 I
o ., -Bul (3.0 eq.) 31a
. </ COEt ——————— I (1)
NHNH,*HCI o MeCN, reflux, 5 min +
1
9a od MeO CO,Et
N
N
H
12a
31a and 12a: 53%
31a:12a=5:1
' CO,Et
MeO
A\ CO,Et
N
31a H t-Bul (4.4 eq.) MeO 2
| _— N
+ MeCN, reflux N
MeO CO,Et H
N\ 13aa: 35%
N
H
12a

|
b( arl | R?
B~ -CO,Et
MeO ¢ b MeO 0
) A\
N+ N
H H
11a 31a: major

Scheme 19. lodide attack at less hindered position of cyclopropane.

BWNT, AtayrZuaruabt gy RL=y lla DAKIGOFMETH S = & 2R+
HI2ODEREAToTe, ETAKICE 5/ TEILSE T, NMR B Lz 2 A, 93—
TATIVOREMOMICAE Y 707 a Ay L=y Na RERLTNWDS Z L&
BLIEN, BMETH-T-720, HEfCTXed»olz, T T, Atny /oo nAg
Nl =r Na ZHNETER LICRICHBEREL RG22 Lc, £F. ARy /R
TREAMAL Y L=V ORRERG LTz, 42 MXFv T o= RTUVIERRE 92 b7
o7 LT s— 1 10dZ 7 h= Y LEHGT ., 10mol% 721X 3.0 4&D MU 74
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HAR AR TER L2y, BBMIEAE HiL72 > 72 (Scheme 20, R 1), ZHUIX
JGHETHDIHE KTV e RIVVEHNOAERY 70 e, v RL=y
MRYTZNANFABR AR ANKR B TOFRYETIIRLE TCh o ThDH EEZ T
5, WIZF— R AT LAHFEEORAEYE 1.0 YBORKBITUI LI Z A, A OA
Y Rl=r 12’ s Na”RNENEI 19%E 48%DIERTHE SN (2), 2T, AL~
AEBRA U RL=VDYT AT VAY—IREWME T ® M= Y VERF, 3.0 Y&ED 3 Y1k
tert-7 TV TULELT 5 & HEIDA > F—/L 13aa 23 36% DR TH LT, ZOFEEN D

AR RTREA, VL= U BNARISOFRIRTH S = Enmmsh GR3),

&\% 'CO,Et
MeO 10d MeO CO,Et
TfOH (10 mol% or 3.0 eq.)
/
NHNH,*HCI N (1

MeCN, reflux, overnight

9a 11a: N.D.
| H
CO,Et B
MeO MeO . COQEt
> 7
N N
H Ag,CO3 (1.0 eq.)
31a 1a": 19% o
+ I MeCN, rt, dark, 3 h . @)
H
CO,Et 0
N 5
Vi
N
H N

11a": 48%

+ MeCN, reflux, 20 min

MeO . -1CO,Et
., 0,
) 13aa: 36%
N

11a"

12a
H
MeO ) CO,Et
N
1a' t-Bul (3.0 eq.)

Scheme 20. Synthesis of spiroindolenine and control experiments.

2. A rzualu bt ALy FL=u b A v R BT 5 SRR

AR L7280 . ARISORKERE CIL -3 — F= 271 12a 3 VLA 412k - T
BILSNDZETA Y F— A 1Baa DAEK L TWD ERELE, £Z T, a-F— R AT /L
D3 Ak tert-7 F T D CMEEHERT 2 BT, EFAVEEEZ AW THEES 522 &
L, R OFiEEBEIC, AT LT R32%2 THF 1, 0°CTh YU AF Ly
YWy 7=K&DBU, UK, AX/)—)LTUHETHETao-I— R ATV 33 5K
L7z (Scheme21, 1), ZDoa-I— KT AT/ 33%7 & F=FVU/NEKF, 60 4EDT
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JAb tert-7 F VTR B L. = AT L3N 2% THELNT (X2), ZDZ b, o-F
— F= 2733 UMb tert-7 FANBAERT 53 VILKFIZL > TEILIND Z EDRHL
INZ 72 o T7, HiE- T, AAFFEDIEICH Fischer A > R— /LA I T 5 A 12a & [FIEED

SIS E» TREILINTWD Z LIRS LT,

TMSCN
DBU, I, CO,Me
MeOH
THF, 0 C 1h ! 1)
33: 74%
©/YC02M8 t-Bul (60 eq) COgMe
| MeCN, reflux [::j//\\/
o ’ (2)
45 min 34: 62%

33
Scheme 21. Control experiment of reduction of a-iodoester.

B, AvrmnivsuosariAr RL=r la bAoA 2 R—/b 13aa OAERRK & LT,
7 b AL E T Na P OBRREDEIT L, IARTTF A Q BEK L%, I Uk
AFANZKDINRTF A Q ~DRESIME A K=/ 13aa ~DFHFHELA LD EIT
FOSEIT T D888 § ERICEHE EIXTE 22 (Scheme 22),

OFt OEt
\+/H ——
MeO . MeO +  OH
7 /4
N N
11a Q
CO,Et
E—— A\
N
H
13aa

Scheme 22. Another proposed pathway of the reduction of spiroindolenine.
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o5 381 AYEE LA B9 D R

WIZEBF TR T A o B —/v 5 RO 5L E i F #i P o

WEta T o7, £, 61 =8 3 HiE 1 HCEERS
REAT ST, 81 83 HE 2ETIET V=L KT ‘@ N HzHC! { R?

Dy I EEIEEIE Ty /e e AT R’ ©
— /L0 B RIS SV TR L7, 5218 o

1w TU— b RV rsuarabt AT —ILOEK

MOIZE R7 VR 9¢, 9u, 9q LT O L D IZHEK LTz, T HIRO T =1 > 35¢,
35u, 35q A MAEEE T R U T A HALKFECTUHE TS ETN-= b kT D, FWVT,
fEARXZEHWTEILT 5 Z & THEL LT (Table 2),

Table 2. Preparation of arylhydrazine hydrochlorides 9¢, 9u, 9q.

1) NaNO,, HCI, H,0, 1 h
NH,  2)SnCly, HCI, H,0, 30 min N~ VH2°HC

35c¢, 35u, 35q 9c, gu, 9q
entry aniline Ar hydrazine yield
1 35¢ 4-PhOCgH4 9¢ 46%
2 35u 3,4-(OCH,0)CgH3 9u 13%
3 35q 3-F-4-MeOCgHj 9q 62%

Flo RO T F T Rax U 36 i b U A LHELKRCTUET 52 LT
N-= b nm Y{b L7=#%. LiAlHs TiEJC L, HIbKFE @M, 1,4-0 4 X U EiKR) T4 52
LTk R U UERRIE 9t 251 L7= (Scheme 23),

1) LiAlH4, THF
NH NaNO,, HCI N’NO 2) HClI in dioxane, CH,Cl, N,NHg'HCI
—_— >
H,0
36 37 9t: 53% (3 steps)

Scheme 23. Preparation of 3,4-dihydroquinonyl (2H)-amine hydrochloride 9t.
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N-AF)-4-A FX 7=V 2 38 g bV oA EHEIWKECTUETHZ L TN-=
Fa v b Li=#%, sigh kT vt =T AT L, HbKE @M. 1,4-V4 55 8K
TS5 Z & T FT U UHEEIE 9v 2 A B L72 (Scheme 24),

Meo\©\ MGO\©\ 1) zn, NH4C|, 5h Me0\©\
NH NaNO,, HCI N’No 2) HCl in dioxane, CH,Cl, N/NHZ'HC|

—_—
Me MeCN, H,0 Me Me
28 0°C, 15 min 39 79% 9v: 29%

Scheme 24. Preparation of 1-(4-methoxyphenyl)-1-methylhydrazine hydrochloride 9v.

RIMAZT B RN TI REAT L7 ==Lt RT U UERE 9e 133CHk 2 O k%55
LTEM LTz, T7bb, I ufbdizfiiis LTHWD N-4-F3—R7 =T FTIF
40 £ N-Boc £ KTV DH TV ITRISIZE VTV —b KTV 41 21572, Fl T
41 v r7unaryoh HHEKE (M, 1,4-U4 XY UEIR) TUEET 5 Z & T, Boc D
ARFEZITV, B R T U U 9¢ 25 R L 7= (Scheme 25),

AcHN BocNHNH, AcHN AcHN
\©\ Cul (5 mol%), Cs,CO5 \©\ HCl \©\
NH, ————~— _NH,+HCl
I DMSO N2 CHyCl n-NHzHE
50 °C, 22 h Boc 0°Ctort H
40 41: 49% 15h 9e: quant.

Scheme 25. Preparation of N-(4-hydrazinylphenyl)acetamide hydrochloride 9e.

RICKx 72 7 a7 a BT E —LVOREAEREUTO L ) IiTo7, £ ap-Afa
MoATNVEbLOv 7 a7 v4— 10e DAEKEIT->7- (Scheme 26), = AT /L
10d % THF #', LiAlH; CAETHZ L TEILL, T/Aa—/L 42 57, Ty rrn
A A Dess-Martin iR TUELT 52 L CTT LT b K 43 ~Ef{b L7z, &BIC L
YHLRAR=ZT LAY FTHUEET D Z & T, Wittig ROSDIETT L o,p-REaF1T X7 /L 10e
AR LT,

o g LiAIH,4 o ) Dess-Martin reagent o .
‘COEt —— “CH,0H ; “CHO
</o THF </o CH,Cly, rt, 30 min </o
10d 42 43

rt, 1.5h

PhsPs._CO,Et
A\ 2 S~
"7 CO,E

o)
Toluene, 100 °C o)
overnight 10e: 23% (3 steps)

Scheme 26. Preparation of cyclopropyl a,B-unsaturated ester 10e.
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Wiz, —Ef 7 ara e vy v 42— 10f &% L7= (Scheme 27), trans-7 2 F )T
a4 vy un AL R ANVIR=T LAY R E iR~ U TS S 2
& T Corey-Chaykovsky G EITL, 7 a7 m LT LTE K45 5 LTz, i\ T
45 XU B VBT, o F LY a— Ll p- LT ZVR VR TS S 2 L T
B a LTS — L 10f AR LT,

Me,S7 “CO,Et Me Ho” M Me
PN MnO,, MS4A TsOH
Me OH ——————— > - -~ 5
CH,Cly, reflux, 3h  OHC CO.Et  benzene, reflux </ CO,Et
44 45 overnight (0]

10f: dr = ca. 50 : 35: 15,
4% (2 steps)

Scheme 27. Preparation of trisubstituted cyclopropyl acetal 10f.

WIiZ, TR REHFETHY/7a7a 74— 10g 10h & T AT AT LVEAET D 10i
G L7z (Scheme28), £ = A7 /1 10d 2 /KLY T A CUUEET 5 = & T, MK iE
DHEIT L, WIVR R 46 157, fenTrrzman A X VR EE46 LT LT

RVEEDCHFETFTCHATHZETT I R10g 2/ LTz, Ricyzuam x & H
NUTE46 LBV YA EDCHAE N TG T 22 LTI I R1I0h 25K LTz, EHIZ
VIR 46 & XU UV AV K % THE &, CDI fFE F CHiAT 52 & TFh4=
AT V101 ARk LTz,

DMAP

EDC-HCI
EtzNH </ |r
CHQCIZ
rt,3h 10g: 18% (2 steps)

DMAP
EDC-HCI
© CoEt ___ HoH </ COOH ___| Piperidine </
</o 0

H,O : THF=1:3 CH2(;|2 0
10d rt, overnight rt, overnight 10h: 6% (2 steps)
O#-.q SBn
Ty
O o
THF, reflux
overnight 10i: 10% (2 steps)

Scheme 28. Preparation of amides 10g, 10h and thioester 10i.

KBS Y OFEAESBZIZ Weinreb 7 X REHT 5717 m 74—/ 10j O
B EIT 72 (Scheme29), 2-7 B -N-A hF T -N-AFNLTERT I K47 2T AF /LA
T4 RPCHEBEET 2 2L COAFALRALKR= T L0 K48 2B LT, FDt%. K
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BT R DLAERBHY T EERNTT I Rafizhira hofbL, AVAR=0U LAY
K49 Z A LT i\ T49 % ML 60°CTT 7 a b A v EKIGESH2 2 & T, Corey-
Chaykovsky FUSHEIT L, 7 a7 a L7 AT R 50 &b, KkEic, =F L7
Va—nzHnTT7re¥— N ki#Ts2 Lt Trr/unrmerr7e84—L 10 5K LT,

(')Me OMe K,CO3, NaOH ?Me
Me,S 2L03, Na
N. 2 N.
CI Me —_— Mezs/\"/ Me —_— MGQS/ Me
o) 50 °C, overnight CHCI3, 0 °Ctort o)
47 48 20 min 49
OH
X oM HO/\/
o A N e _ TOH
e —— ., ~
toluene, 60 °C ~ OHC T Me  benzene, reflux &\% ]/ “Me
1.5h (0] overnight
50 10j: 5% (4 steps)

Scheme 29. Preparation of cyclopropyl Weinreb amide 10j.
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2T T U—b NIV roREmEASHICET AR

Vi godavand

%Sm%lﬁféﬁbttF?VV&%%®EF?VV%%wfﬁﬁ%4VF~wéﬁ

B2 #E L7- (Scheme 30), £ 9, 4 (ICEHEAHTH 7 2=/t KTV 9b-
l%‘:#‘ﬁﬁbtk A EFHEMEZ S Ob DO TIENEVMHMIZH 5 Z B3 nhoTe, £T0.
—heEREETLSE RTP0 9m 61T A v R—UIBoniehnotz, - T, &
Fischer f > R— VAR EHEU LI-HBI TH D Z ENHER I, B WRIZ2 AL FE 21 3 LI
EREAET D7 2= RIVVERG LIz, 3 (icZ7enikesd 27 2= RV
¥ 9n 226 1EA » R—/V 13na, 13n2’ DIREWD 26% TH LN, 20 A XU EEZH O
T x=)lk KTV 90 I HIEA v K—/L 130a DIEDNT A b3 VLA EE L 72 13ja 23 AAK
Lize E7. 20 AFAEA ST ==Lt FTP0 9p 02513 13pa DA ELNTZ, 3
NIZT7 At 4 (LA PSSV EEL DT 2=l KT UV 9q M HIEA > F—/L 13qa
N 67% CTELITZ 1-T 7T vk KT 20 9r 151 13ra A 56%DULE TH L7z — 5T,
2-FT7F )k KTV 9 02513 13sa I8 36%DINE TR HNT-.3,4-V RaXx /) =)L (2H)-
Tt OIE=ERMED 13ta 23 37% TR O, 34-AF LV FF U T 2= KTV
9u 75 1% 13ua 23 53%DIETH O, HEICEBEER I ATFALEEZ ST ==L F
TOVERFILIZE ZA, AT A FXUVHEEZBOE T U0 9v 251X 13va 28 69% T
ST, ANLKFEO B DIXHMDOA > F—/b 13wa ODUCENME T L7z,
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t-Bul (6.0+3.0 eq.)

o) R = (CHg)chZEt
</ CO,Et
(0] '
N/NH2-HC| 10d, 10d “

R
9: 2.0 eq. MeCN, reflux, 1 h

hydrazine hydrochrolide

R

()

N
13 R

product
R
R’
A\
N

H
R
13ba (R' = BnO): 54%
NHNH.*HCI 13ca (R' = PhO): 59%
2 13da (R' = MeS): 69%
13ea (R' = AcHN): 62%
ob-m 13fa (R' = £-Bu): 50%
13ga (R' = i-Pr): 46%
13ha (R' = Et): 56%
13ia (R' = Me): 42%
13ja (R' = H): 33% %
13Ka (R’ = F): 42%
13la (R’ = Cl): 30%
13ma (R'= NO,): N.D.
R ¢ R
. N N
cl NHNH,+HCI al N N
9n 13na 13na’

13na + 13na’' = 26%
(13na:13na'=1.4:1)

R R
L @b o
. N +
NHNH,+HCI N H
OMe OMe

90 130a, 26% 13ja, 16% °
R
A\
N
NHNH*HCI H
Me Me
9p 13pa, 34%
R
MeO MeO
L )
F NHNH*HCI F N
9q 13qga: 67%
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product

hydrazine hydrochrolide

Pl

NHNH+HCI

Iz __

13ra: 56%

1D
o

A\
NHNH,+HCI N
13sa: 36%
R
N N
ot
13ta: 37%
R
0 0
¢ S0y
0 NHNH,*HCI o] H
9u 13ua: 53%

R
R
N\
NNH,+HCI
N 13va (R' = MeO): 69%

\
Me 13wa (R' = H): 29% @)

Ie!

Me
9v, 9w

a) Hydrazine was used instead of hydrazine hydrochloride. b) t-Bul (12 eq.) was used.

Scheme 30. Scope of arylhydrazines.

Pl XHic, 7V— ke IV OREHEHESHEICOW TR LIZEZA, XUEBY
BB GEMOBREAZETAREO FNEFRSMEOBREEZHETAEE LY 13

RN SURDHEITT 5 2 E BB oT2,
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H3HE vrurub T vy — Lo RE AT S B

FIHF1HTER LIy e e T2 — L EHWTETLHA » R—LEkD v
suarusNy EOBEHIEICET 5 A ME L7z (Scheme31), ap-Rafim 27 L% 4
D ruFua AT Es— 10e 6L, By-NAFI= AT VEFT HA 2 K—/L 13ab ¥
BFohniz, RICATFAEEZ LS 3BT 7 07 n LT 42— 10f 751X BAFIZBOR A
HEITL, A2 F—/b 13ac 2 75% T HNTZ, FiW T RIIZT I KX Weinreb 7 2 K, 4
T AT IVEAT S 10g-j 22D b UG BAFICHEIT LT,

R3 R3 R2

MeO
o tBul (6.0+43.0eq) MO N
n-NHz°HCl + </ R?
0 N

MeCN, reflux, 1 h

H
9a: (2.0 eq.) 10e-j 13ab-ag
CO,Et o Et
Me, CO,Et N
/ Et
MeO MeO MeO
A\ A\ A\
N N N
H H H
13ab: 44%,dr=1.7 : 1 13ac: 75% 2 13ad: 61%
o) (0] OMe (0]
N N SBn
Me
MeO MeO MeO
A\ A\ N\
N N N
H H H
13ae: 50% 13af: 52% P 13ag: 74%

a) t-Bul (12 eq.) was used. b) On a 1.0 mmol scale.

Scheme 31. Scope of cyclopropyl acetals.

Lo Xkric, a7 7k Z—L EO@EBRIEL LT, = AT ARG TR,
BT AT NRLT IR, FAZAT A LEHATE D2 08000, BIVEVEEHIKRICEET 2
—WRPENFEIES N, SDHICZ@BRY 7 u T u AT v X — b BIFICRISNETT S 2
LNy Ino T,

HEZIZARIER LIZA v RV OFRMEEZERT 572012, Weinreb 7 X REHTHA >
R—/L 13af DB REFLA WA 1T 7= (Scheme 32), 13af % 1-=F =)L 4- X hF T B b
n-7 F Y FULATUIT H 2 & TREEEBRRISVET L, 4/ > S1R3G T, STk
DFEESEZIZA 51 27 b= KU LHT 5 mol%® NaAuCl, TULEET 25 & =R
DAY K=V 82 BZfFoNTz, —J, XY OFEEZEICA /v Sl #vr/ma Ay
1. 10 mol% D AgOTf THLFRG 5 L A A v KL= 53 NEbIT-,
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N\
Me 0
MeO NaAuCly
A\ (5 mol%) MeO N
—_—
N MeCN, rt, 12 h O N
13af quant. H Q
n-BuLi THF 52
-78 °C OMe
= OMe | to—10 °C
15h
0
AgOTf ’
(10 mol%)

MeO
CH,Cly, 1t, 3 h O /
u e

86%
51: 59% 53 OMe

Scheme 32. Transformations of 13af.

PLbEdD X o1z, FH1X3 Vb tert-7 FOAN AR T DMK vbKFE2FIHTHZ & T,
N-7'V—n-C->7uara Lk N7V DETLIA » R /VERRIEZ N LT, ARIGIE
N-TU—)L-C->r7na7at’ )l RIS oD b KT ~DRYELZS LT~ Fischer A
YRR IV AERT A AR 7 T B B v KL= OBBRMIGETL TV 5D,
AIISIZBNTE RT3y 7 a7 a /" OFFMHALTE T T <, A > F—/LERIZEY A
FNTVDIGTHD I ENFFETH D, £, T VL tert-7 T IV E KRG F CTREE
PR E R T A NCEA CE2AARRETH L Z LRt 2R TE L, EBIC
SEIBRFE LTz 3-T VXA o R—= VBRI LB EM~FETE 28R Th
HZEbRET,
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oE N-ZuFub T RV UCOBBRKIGERIHAL-E
Z = VA RE D B

Bl ETEREZLIICRNT— - T8 77 —R a7 " iEFIIIEH L ST
WHZEMND, 7 uaFuaRXUBROMBRICHEZIZETT 5, —HFTEREL 20
HORT VX NVFENEBR LI OEMR Y 7 v a3 stz L, B LIC
W, Y ZoX I REFICEE SN TW AW e e R o E ke L GERSREE
AW FERD D, —ROICEBRSRZHWCY 7 a7 XU EE T 5 &, BILrRt
e B-IEMLEEZ I LCL BHERSS D EITT 5 Z E WA BTV D (Scheme 33), 'Y

=
[(M] i _<>
oxidative addition <; M™1]
| ( N
/

ring-opened
products

‘ M]
p-carbon cleavage [ x>~ M

R? = SR", NR", OH, CH,
Scheme 33. C-C bond activation of cyclopropane with transition metals.

Flo, a7 a0 C-HIEMRIZ X0 BRI 7 v 7 a S BT 2 61 & £l
WE I TWD, BZIX Fagnou HIEA /N MIlZ7uEikE O N- /a7 Lrr=Y
v 54 D/RT DT LM AT C(sp’)-H IEM L & | e BABRRUSIZR Y, Y Fr¥ /Y
v SS NERT D Z L AR LTS (Scheme 34, 1), ¥ KIS TIERB-RFBHEE~D
FRALBOAH N KX 0 ARk T 5 C-Pd EREEICL Y 7 a T e XU BROEHFIC T Uy L
MWHHET 52 & T, v 7a7a/ Vo CHIGMHERHEIT L, A X T A 70 T BAERT
by FOK, AXGTHA I AROY T a T ar OB, BICHBE BT 5
ZeTve kuX /Uy 85 BERT D, I HIZHEBOKEE LT, 2013 A Charette ©
X, 77t R XTI K56 OV C]TEE Y 5T DA ERELTWS (X
2), ¥ & 5T Charette H1E 2022 FElcy 7 n 77 2 K59 hbA~FHe Ka7Er
VBB 60 DERIZHREI LTS (F3),
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CO,Me Pd(OAc), (5 mol%) COM
7 (t-Bu)sP+HBF4 (10 mol%) yo2ne

< C[NY CsOPiv (30 mol%) N |
O R—r
g | K,COs (15 6q.) ~
5

mesitylene, 90-140 °C

5
loxidative addition reductive elimination T ()
COzMe C-H COZ C-C bond eOQC\ N
A N act/vat/on cleavage N N=
= =)
=
[Pd"] [Pd”] Pd'y
S u
o Pd(OAG), (5 mol%) O Ve Qe
. 0 ’ ’
A (t-Bu)sP+HBF, (5 mol%) N N N N
NN H R Ry (2)
R | AgsPO, (0.33 eq.) L + A/
% Me =
Br K,CO3 (1.1 eq.)
toluene, 125 °C, 16 h
56 57 58
1) Pd(OAc), (5 mol%) 0] 2
1 A (t-Bu)sP+*HBF,4 (10 mol%) ] N,R
R N H R (3)
R2 K2CO3 (1.5 eq.) //
n Br xylene, 110 °C, 16 h n
59 60

Scheme 34. Ring opening reaction via C-H activation of cyclopropane.

INOLDORIETIEY 7 m 7 aNr O C-HIEMHRIT LY &7 v 7 a0 OB IZHE < #ife
FOSISERT S5 Z LT, @EHRANT BBEORWREMICHII LTS, LirL, BID
vru7uRro CHIEMEE FZBRTH7DICH LN DR BURSV 7T Vv b
ZE EARE N I AUA F BT DMERNH Y | R EOBLRD DIRED B
oko*ﬁ??7m7BNV®OH%ﬁm@%%ELfﬁﬁ%%%wéiﬁﬁﬁ%éhf
W5, 3D Bl SRR A IS L > THORE L &R 2SI 2 ERETH D, Y
%:fé@%ﬁimm%%mwfv&n7mn/@0H%@me”Ltﬁ %%ﬁm’
for < EFEAUL A HETIT L, B A FEFRA~AT RO E L TRV AT Z LN TE UL

%Kﬁ%%$uﬁhké%%ﬁ%ﬁf%ék%zk(&Mmﬁk_®i9ﬁvﬁm7n
N> @ C-HiEMHEARICHE < @R SUC DTG TE DML LT, E RIY UIZERL
77

ring oening

(N C-H activation /\f <N/_>
DG G

H DG~-M D

61 \ 62
DG = directing group
Scheme 35. Synthesis of nitrogen containing heterocycle via C-H activation with directing group.

b R NIENEFNOERRICE EFNDIMNLE XN EREE EMAEERT VA
AR L LTI 2 & T, C-H IEMAbDECmIE E L THERET 2 2 &AL TW5D, Bl z
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IX 2006 FEIZREA S 1L N- kv bk KT 63 2 DMSO H 50 °C CEERE /X T 7 A3 K OV
FAGH CULER T2 Z & TA U Z Y —/ 64 DERITHEI L TS (Scheme 36), ** A Tl
E RIS UT IVERNART DT LMD N A AL LTEIE, B KTV A I URFHE
FOT V= VED C-HIEMHALZE LTe D BHIZESCHIBEENEITT 5 Z & TCNFEA DR E
NHZETAVEY =N 6d BERLTND, ZOMARLOENZIGEY & KTV v & Rln K
ELTHWE CHIEH LR Z B INL TN D, 49

Pd(OAC), Ar Ar
Ary Cu(OAc), SN {
AN N. | —_— ,N
N Ts AgOCOCF3, /NHTS N\
H DMSO, 50 °C Pld Ts
OAc
63 w 64

Scheme 36. C-H activation with hydrazone directing group.

b K7V 3&Eicxt LR A2 RmT— T, 72V EBROMNLE XD C=NfEE &
HE5252 LT, TLEW E ~EERMLT 5 E A D (Scheme 37), ' Z DT,
K7V ®D C=N fEiAlE, MR A IO C=NfEA LY bEFESICTVWEEE2A L T
I/\E)o

3
R :

NL N~
e — ;
RZ R1’i\/R

R H

hydrazone diazene
Scheme 37. Tautomer of hydrazones.

UbEDX57e RIV U OWEEZFIATHZ LT, 7 ar7a v C-HIEE IR <
HHSLDETL, B RT YV UBRRVIAEND X IBREEZ~T aBBOEKB G TE S
k%m‘:o FIZT.AIVIRERIIT AV EE LD N7 aFae e RV 0 14 200

ST BB L S SEDH 2L TE T Y —/L 16 DA A HE L7- (Scheme 38),
t%7//@4:/@%LLTVW%%%A?é;&T\7/—&%7/Vﬁﬁiﬁ%ﬁ
L7- C=N " EHEAORMbDOMREL . f I VEHRE L O JER\IE L L TOMEEZ IR L
oo ThHDOHLE NIV 4N I~EH L L0062, EBaRMEECX 57 a7 mx
y@qw%HﬁﬁmﬁﬁﬁL ABZTHA TN GNERT D, SBIT, AZTHA T LE
MEBRTHZLETHAR LY 707 e XUV BOOTAT RV —OMIEZRE H 452 &
T, Y7 a7 ORBRICE  EHERICHETT L. TV 15 NERT D, EBIC, INE
2 X HDBALBMAVEOS A EIT LT, BT Y — L 16 WERT 5 & B LT, ARISIET v
BRIV oRvra7axro C-HIEMALZRET 27210 T < BLRMALE O
Wb 5T 5, SHICE RZFYUREHOE Y —VICIVIAEND 72D, R FREEOE
RN DENTEERA~T OB EMIEEZRIT 5,

29



N’N‘H [M], A
| (0]
R N
R? R2
14 16
T cyclo-
L T isomerization
H V\
M] M
N M] N - o
R1J\fo C(sp®)-H R1J\(O C-C bond R1JYO
R2  activation R2 cleavage ¢
14' G 15

Scheme 38. Pyrazole synthesis via C-H activation of N-cyclopropyl acylhydrazone.
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B1ET USSR sE L OB

UL, EEERD N7 uaTub il KTV 14aa ODBRET-T72, XY 2%
%K\vﬁﬂ?HEW$D/@w5%7yvﬁw$/Mywm7%w&umM%@ﬂM%f
M5 &, vruaraeRa BT EAOMBER ISR AT L, Boc % 1
Sb RIPU 66 BNEbNT-, TDH%, T h=F ULt 60 °CTp- kLo ZJLIR fiE—
KF 2T 5 Z & T, Bl Boc bW EITL, 7 ur7rE/NE KTV yp- LT AL
™R 67 A L7= (Scheme 39), KIZ 2-7BEFT 7 XL 68 2~ % L THULE
THIET2FI7FNAYITRYTLT IR ~FETH MNTL 2 U ATFILEK
Wi S E D Z & CHIMMEER S AT L, 0-7 F = AT /L 70aa & &% L72 (Scheme 40), &
L7 R AT /L T0aa 2 D UFE R CyZ7ur v e KTV 67 EfiaT 52
LT, v/u7uebE e K7V 14aa 8 LT,

Boc
\

N:N\
Boc Boc -TsOH *H,0
u(OAc), (10 mol% p-1s 2
>—p(oH), HOADRUOMA) I NHBoe P [>—N-NHy2p-TsOH
DMF, 80 °C MeCN, 60 °C
65 66:21% 67:71%

Scheme 39. Preparation of cyclopropylhydrazine 67.

(0]
OoM
B MaB MeO © 0
r r
“/ M OO 9 () COzMe
THF, =78 °C, 1 h
69 70aa: 11% (2 steps)

[>—NHNH+2p-TsOH K

N

67 |
pyridine OO CO,Me
MeOH, rt

14aa: 45%
Scheme 40. Preparation igfcyclopropylhydrazoné4aa.

WICA L= 7nFae e RV 14aa ZAVWTE 7 o Fasv o C-H Gk &
BRER St 8L E & 1t L 72 (Table 3), ifvymfmewtﬁﬁfy1ua%#yv
VHELX 2TV —T AAFE T, C-HIEMALOEITZ MR L T, 10 mol%d = ¥ 7 A fil
B = A W TIRE L7 & 2A, B 7Y =)L 16aa 13RI ER L2172
(Table 3, entries 1 and 2), *** —75 T 10 mol%DEEEE /X7 ¥ 7 A E RN LT-BRICE Z V' —1
16aa 78 49% DR TH LA (entry3), BRDKICIFEOR EEBIFL, MY 74 ok
/N7 27 10 mol% a2 i L7 23, IEEIEm B L7ed> 70 (entry 4), RIZ 0 i/ xT 2w
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LD 2 MDOFFE T VT ASOFAELRET D Z ENHIFCE2IRINAE LT 2.0 Y&
OFFRIRZ TN LI & Z A, INRIXA E LR > 72 (entry 5), ¥ —J5 T C-H i&EMAL 2 (e
THZENWFRFTE HIMAIE LT, 2.0 H&ED HFIP ZIRMN L7 & 2 A, BRI 69%IZ 11
L7 (entry 6), *¥ F7= HFIP 2R &L L CTHWZ2Y, BT Y —)L 16aa I3E L2 o7z
(entry 7), KIZ HFIP EFLIOZRZWFFL T, tert-7 I N T a— Lz L L THWE
&2 A, 16aa OULHEIL 80%IZ1A £ L7 (entry8), *© LLEDFER NG tert-7 I NT )L —
JVIBEFH ., HER/ N7 P A 10 mol%t ELF 2T ——7 4A BIRINT 5544 TE TV —
IVINEIETHELOND Z EBH LMo T2,

Table 3. Optimization of C(sp*)-H activation of N-cyclopropyl acylhydrazone.

Y catalyst (10 mol%) \
N. >
N

_NH MS4A
NI additive
© solvent, reflux 0
OMe time, air OMe
14aa 16aa
entry catalyst additive (eq.) solvent time (h) yield (%)
" Cu(OAc), (1.0) a)
RhCp*Cl xylene 16 13
1 [RhCp*Cly], K,COs (1.0) y
2 Ni(OTf), PivOH (1.0) xylene 16 N.D.
3 Pd(OAc), - xylene 14 493)
4 Pd(OTFA), - xylene 16 429
5 Pd(OAc), AgOAc (2.0) xylene 16 392
6 Pd(OAc), HFIP (2.0) xylene 15 69
7 Pd(OAc), - HFIP 21 N.D.
8 Pd(OAc), - t-AmylOH 4 80

a) Yields were determined by "H NMR using triphenylmethane as an internal standard.
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o2 81 ALYEE P B9 D R

WIZN-v7a7ae )Ty ve RIS DRIT VY
Ll Z T2 a7 a X O BB SO O 2 i
A MRET Lo, 26 2 B 2 fif | HTIIREBITHh D
E RV U OEKEIT T, 52 B 2 Hif 2 HTIE
A RFELELOTYV—FEL 7Ty EO
(RY, % 2 FHE 2 fith 3 HTIIA I/ IRF LoE#HIL

R2
_NH NH
) )
CO,R! R3J\,¢O
R4
N J N J
Y Y
218 $318

R} BIOH LR =)L EOE#HIL RY) I2OWTHR L7,

HW1HE NIZuaratb e RV UOERK

E2EE2HFE 2HETCHWSY ZuTu L RIV U OARKEIToT-, £, A&/
— VBT, o-7F P AT Lo e RIVUAEE Y VUUFE FCHES S &

%HZ & Tk K7V 14ab-as Z A L7- (Table 4),
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Table 4. Preparation of N-cyclopropylhydrazones.

cozR.

O

[>—NHNH,+2p-TsOH

67

pyridine (2.0 eq.

N

NH

) COZR-

70ab-as MeOH, rt 14ab-as

entry a-keto ester R R' time (h) hydrazone yield
1 70ab Ph Me overnight 14ab 49%
2 70ac Ph Et overnight 14ac 7%, 3%
3 70ad 4-MeOCgH, Et 4 14ad 12%
4 70ae 4-MeCgHy Et 2 14ae 49%
5 70af 4-FCgH, Et 2 14af 50%
6 70ag 4-CICgH4 Et 5 14ag 46%
7 70ah 4-BrCgH, Et 5 14ah 54%
8 70ai 4-MeO,CCgH,y Me 3 14ai 41%
9 70aj 4-NCCgH4 Et 5 14aj 51%
10 70ak 2-MeCgHy Me 8 14ak 14%
1 70al 2-MeOCgH4 Me 17 14al 8%
12 70am 3-MeCgH4 Me 22 14am 65%
13 70an 3-MeOCgH,4 Me 21 14an 25%
14 70ao 3-NCCgH, Me 24 14a0 45%
15 70ap 3,4-(OCH,0)CgH3 Me 17 14ap 27%
16 70aq 2-thiophenyl Me 22 14aq 22%
17 70ar 3-benzofuranyl Et 3 14ar 31%
18 70as 1-naphthyl Me 22 14as 28%
a) E-isomer

Fioe RZ7Y U AROEEE 725 o-%7 b= A7 /L 70ab-ah, 70aj (XTI TH DM, o-7
K= 27 /L 70ai, 70ak-as |[FLLF D X S IZERK LTz, T30 Y 2BE12, 7 > Tlai, T1ak-
ap,7las = Rk L TERL L, a-7 M HIVERVEENEFHET D, W THLT A= b
AB )= LD AFALZ AT E LTz, 2O, a7 T AT ADIENT a,o-F A FF
TRATINERLTWD, EBRICEEREBEZ AT, q,a-F X FF T ATV E KT

%2 & Ta-r F AT /L 70ai, 70ak-ap, 70as % )% L 7= (Table 5),
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Table 5. Preparation of a-keto esters 70ai, 70ak-ap, 70as.

1) SeO,, pyridine,
o overnight

2) MS4A_, MeOH; SOCI,, Q
R@)\Me overnight R_:(j)\coz'v'e
= 3) HCIO,-MeCN, =

71ai, 71ak-ap, 71as 30 min 70ai, 70ak-ap, 70as
entry ketone R a-keto ester yield
1 71ai 4-CO,Me 70ai 1%
2 71ak 2-Me 70ak 56%
3 T1al 2-OMe 70al 16%
4 71am 3-Me 70am 76%

5 71an 3-OMe 70an 9%
6 71ao0 3-CN 70a0 21%
7 T1ap 3,4-(OCH,0) 70ap 52%
8 T1as 1-naphthyl 70as 69%

0’ R AT T0aq 1L 2-FF 7 = v 7 U A X AR T2 % DBU & 3 L A F L%
TAF T 5 Z & THRM LT (Scheme 41),

0 DBU, Mel 0
B —
@A COOH THF, rt, overnight @ACOQMe
\_s \_s
72 70aq: 97%

Scheme 41. Preparation of a-keto ester 70aq.
a-7 B AT L T0ar [ZOWTIEER B 225y~ T /> 73 & Pz ERB b

U7 2=)ViR AR T =05 UER T F L & D Wittig SUSICE D, RV 7T 3R F
T4 EAEKR L. SHIC b L CEbT 5 Z & TER LT (Scheme 42),

(0]
0 CO,Et COyEt
Phyp? “COE
\ Se02 \
o toluene, reflux, 17 h e} 1,4-dioxane, reflux, 2 h (0]

73 74:87% 70ar: 72%

Scheme 42. Preparation of a-keto ester 70ar.

Wiy rzarany il z=VkERT 577 e e K7 V0 Mdat DR R ETT
572 (Scheme 43), Xik*® 2B EICF T A2-T 2=/ =R UBEY S a— /L AT
VIS BT VEgh E I — R A X TFA T4 % Z & C Simmons-Smith 5t 23T
L., vYZuZabrRo gyt a—Lo A7)0 76 BAERK LT, fi\ T 76 il = v Hiik
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TR T LAEHEKRFETUEST S LT, B a— L= A TV ERREL, v /e ey
NRwe Vg 1T BT, RICELNTY s aTa R a Ui 71 BT Y U HIVRCEEY-
tert-7 F /L & 10 mol% DEFAFN TR T 5 & 7 ara e VEEDT YV DRl
FIMBOSAHEFT L, Boc 2% b ok KTV 18 NMEbiz, D% T h= kU L 60°C
Tp- MU AVR VB KT 2T 5 Z & T, i Boc b3 HEITL, 7 v mEL
ERTIVUp- MV U AVR VTR 19 AR LTo, RBICASZ ) —NVHRER Ty r Y
BELE KTV 79 LRV ANAFBIFNEE ) DUFE FTHASEDLZETE R
TV U 1dat EERK LT,

Etzzn, CH2|2 NalO.. HCI
. BPin TFA A aloy, A
PR —————— ph ‘BPIn — > Ph ‘B(OH),
CH,Cl,, 0 °C to rt THF : H,O0=4:1
75 76 77
Boc,
N=N
Boc
Cu(OAc); (10 mol%) A _NHBog PTSOH*H0 A NH,+p-TsOH
Ph N ———— > Ph ‘N
DMF | MeCN, 60 °C H
Boc
78: 24% (3 steps) 79: 64%
0 Ph
Ph)J\COQEt Y
pyridine N,NH
MeOH, rt, 13 h |
Ph)\COZEt

14at: 48% (dr > 95 : 5)

Scheme 43. Preparation of cyclopropylhydrazone 14at.

WIZ, HE2EFE2EHEIECTHNWDL Y7 7 n e K7 14au-az, 14ba-be, 14ca D
BAREITTe, £ A I/ RFE LITKFEATLHV7r 7oL KTV 14au DERL
BT olze AX ) —)VHRETHID 2-t R % 2- X MU ATFIL 80 L r7n~r
nENLE TV 67 ZHET U U LFIE T THEG T 2 2 & THA L2 (Scheme 44),

[>—NHNH_+2p-TsOH V

0 67

AcONa (2.0 eq.) °N
M
oo™~ e A
OH MeOH, rt, 3 h H” >co,Me
80 14au: 65%

Scheme 44. Preparation of cyclopropylhydrazone 14au.

Wiz, B ERIUL A% ) —VHER Ty 7uerae Lk RIVV 67 & a7 LR
= /Ut &%) 81av-az, 81ba-be, 81ca Z &'V ¥ U fEE FCHfir S8 5 2 & THAL L 72 (Table 6),
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Table 6. Preparation of cyclopropylhydrazones 14av-az, 14ba-bc, 14ca.

[>—NHNH_+2p-TsOH

Q o7 NH
RJ\”/RI pyridine (2.0 eq.) NlJ"‘
o MeOH, rt R)\COR'
81av-az, 81ba-bc, 81ca 14av-az, 14ba-bc, 14ca
a-keto carbonyl .
entry compound R R' time (h) hydrazone yield
1 81av Me OEt 9 14av 88% (E-isomer)
2 81aw benzyl OMe 4 14aw 40% (E-isomer)
3 81ax cyclopentyl OEt 7 14ax 49% (Z-isomer)
4 81ay t-Bu OMe 4 14ay 53% (Z-isomer)
Me ‘?77_
5 81az MeA(—% 2 14az 67% (E-isomer)
/
O
6 81ba Ph Ph 4 14ba 24% (E/Z mixture)
7 81bb Me Ph 7 14bb 69% (E-isomer)
8 81bc inn 9 14bc 18% (E/Z mixture)
Me ) Me
Me
9 81ca 4-nitrophenyl ‘?71 O overnight 14ca 34% (E-isomer)

o-77 N VR =LA 8lav, 8laz, 81ba-be (XTI TH D723, a-77 b B AR = /ALEY
8law, 8lax, 8lay, 8lca (ILL T L S IZHk LTz, T4 I VREFBLICRVULEEZ LD a-
r R ATV 8law & tert-7 F VI E B D a-7 R ATV 8lay OFFRIZOWTIE, a-7 B
JIVIR VW 82aw, 82ay % DBU & A UL AF AL EHWTAF T L ETHERLE
(Table 7),
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Table 7. Preparation of a-keto esters 81aw, 81ay.

j\ DBU, Mel o]
R” "COOH THF, rt R” ~CO,Me
82aw, 82ay 81aw, 81ay
entry oketo time  a-keto ester yield
carboxylic acid
1 82aw benzyl 22 h 81aw 48%
2 82ay t-Bu 4h 81ay quant.

BTy r7a_XU T T Rx A7 K83 EHV, v a UMY =T LA~ fEINEE X
IR EITS DT v/ FAEE S D a7 AT /L 8lax Ak L72 (Scheme
45),

0O

EtO

\H)J\OEt O

E}Mgsr ° O)kcozEt
THF, =78 °C, 1.5 h

83 81ax: 48%

Scheme 45. Preparation of a-keto ester 81ax.

14

WIZ a-7 v 7 2 KN 8lea 1Lk V2B E(27 b 84 & bl L 65 °CTHER SR
T, BEXY T2 L 10mol%d I VAL CTULEL9 25 Z &L THREL L7 (Scheme 46),

H N
Me Cul (10 mol%)
(0]

N toluene, 65 °C, O,
84 5h 81ca: 55%

FiiE

Scheme 46. Preparation of a-keto amide 81ca.
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REZE LTV —NVEE2HFEITLH7a o) Le KTV

552 I8 2/
0D H B i R PR L BE 4 2 R

>

N

F2HIE 1 HTHAK L7 a7 v/l KTV 1dab-at Z T, /3T U0 Al
AW 7 a T a N OBRNIGSE T L7- (Schemed7), £9. B KTV A I VRF#A
L7V =V EOBEEILNFNZ OV THF L7z, 14ab, 1dac DL HICT7 ==L HEE2H Db
RZ UM BIEE T Y —)L 16ab (64%), 16ac (55%) W3 HT-, £7-. 14ac O EME(A
ZRWESAE L BMOE T Y —L 16ac 28 5S4%DINRTHELNTZ, ZD7=H ., ARG TR
Btoe R 0 OBMBMENKSITRE L 72\ 2 & AR S L7z, 14ad-aj D K 92 4 (1iZ
BEHILAE o7 U —/LETHRIGAEIT L=, 7 o4 6 14ah 7> 5 3R KIEIC
fKFL., 7Y —/ 16ah % 9% TR LNTZ, 7 REEXEZ AT S 16ah DUEEN KIFIZIKT
L72JRENZDWT, ROSIEF THEMT D 0li/ N7 20 LA RHR-RBRE G ITRLRI N4 %
ZECRIBUGHET LI EZE X TnD, 70, 2R 3(ZICERE Z D 14ak-a0 22 5 (T E
Z V=)L 16ak-a0 DNF LTINS, 34-AF Lo UF X UEEZAT D 14ap (TG E DD
Stz KOS 19 FEfZIC 150 °C FTHIR L S 512 9 Rt Lz & 2 A, JREHZ
HERL, B Y =/ 16ap 28 3B3%DIETH LN, TV —NELELTTFAT7 =0 2HT 5
14aq oY 7T AT 5 1dar 1-F 7 FILEHT 5 14as 2513 BT Y — )L 16aq (74%),
16ar (60%), 16as (62%) MREI LGOI, ®EIZT 7 v T a3y EOEBIE R*IZ7 =
=NVIEREETHEE 14at HiEISTEX 72, V=V R F2—7 % T 140 °C ([ZHIE L T
21 B L7212, S HIZ 10 mol%DEERE/ N T VU LABII L, 4 KfEfEFET 52 & T
7YV —)L 16at & 38% DR THL Z LN TET,

R2

Pd(OAC), (10 mol%) /@\
n-NH MS4A N R?
o] o)
t-AmylOH, reflux
OR! air OR!
14 16

Aryl group

NN
R o) 0 i o)

16ab (R = H, R'= Me) : 64% 16ak (R=Me) :58%  16am (R =Me) :39% 16ap: 33%
16ac (R = H, R'= Et) : 55% (54%)® 16al (R = OMe):60%  16an (R = OMe) : 62%
16ad (R = OMe, R'= Et) :47% 16a0 (R=CN) :68%
16ae (R = Me, R' = Et) : 64%
16af (R = F, R' = Et) : 58%
16ag (R = Cl, R' = Et) 1 72%
16ah (R = Br, R' = Et) : 9%
16ai (R = CO,Me, R' = Me) : 60% \ s
16aj (R = CN, R' = Et) :37%
16aq: 74% 16ar: 60% 16as: 62% 16at: 38% ©

a) (E)-isomer was used. b) After 19 h, stirred at 150 °C in a sealed tube for 9 h. c) After stirred at 140 °C in a sealed
tube for 21 h, Pd(OAc), (10 mol%) was added and stirred for 4 h.

Scheme 47. Screening of aryl groups and substituent on cyclopropane.
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WITH A ) IRFBLICT AR ALY R T VLA AT AL 7 0
e K7V o8 &I B9 5 Mt

E2EE 1 ETARLEZYZ oo e RIVUEZHNWTA 2/ IRFELOBERILL S
JVIR =V B E BN O T #PH 2 5 L7 (Scheme 48), EH#EL R 23K,
AT RV, 7 aXrF)LE D 14au-ax CRUNMTIIEIT L7203, tert-7 F V%
D 14ay (X 20 mol% DFEEE/ N7 27 A L EWINRENMLETH > 7o, RICH VA=)V LD
EHILICOWTHRF LI, BB T 7 hod b2 RT VY 1daz Z NS & 86%DILETE
TV = 16az WG HITZ, 72, 7 Fr &b DOk RTY 2 14ba X° 14bb & W THFT L 72
LA, BTV —/L 16ba (38%) LN 16bb (44%) ML T-, WK b2 o8 KT
V' 14be N HITE T Y —/L 16be 73 59% DR TR LNTZ, &ZICT I REFT 5 R
V' ldea ZHWD L. BTV — L 16ca B 54%DULHE T B LTz,

V Pd(OACc), (10 mol%) Nﬂ

N MS4A N
o) o
RSLK( -AmylOH, reflux R3J\{/
R4 air R4
14 16

Alkyl group

Nﬂ Nﬂ

q I\
) O 0 Me o
N AP CfY D
Me OMe o)

Me
OMe Ot Et Me OMe
16au: 35% 16av: 78% 16aw: 44% 16ax: 68% 16ay: 18% 2
Acyl group

\ g °N N
N N 0 o
Me o) o)
Me)(kfo Me)\f . N
o Ph € Me O,N

Ph Me

16az: 86% 16ba: 38% 16bb: 44% 16bc: 59% 16ca: 54%

a) After stirred at 130 °C in a sealed tube for 13 h, Pd(OAc), (10 mol%) was added and stirred for 11 h.

Scheme 48. Screening of alkyl groups and acyl groups.
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o 3HT SOUSTEE D& 5

..[

ARSI DHEE FOGHFR S % Scheme 49 IZ”7 T, £, BE RT7 Y 14 O C=N _HFEH I
PEAL L72A21T, R N T 0 LB U CHIMR X 3BT 2, IRIT, W27 2 Z Uk
—ii~7m kb, 724 CMD (Concerted Metallation-Deprotonation) &2 L0, v 7 1
7T a RO C-HAEANUW SN TRT XY A 70 GRERT D, IRICEIRIZE D 7e hv
fEENTY 20, Ty 7 a7a/ XU OBRICLY Z08EKRT 5D, T0#%, - KU
REBEDS LT LC, 0l XT 0 ADEMNL L7 % T 2 AA 725 (pathb), — 5T, /X
TEYATNLGCIHOL Y7 ara /N ORERE/NT DT AL OIETE A CF O BiBE G 73R
FHNCEIT L, ORI PO ARENLLTZT V0 AA L2 5 EHE X 5D (patha), Z D
. AA O Oli/NT VT LD & HERIC KV FER/ N T U LA~ LB S, ERED T Y
A5 AT D, wZIT, 15 OBRCEMEEISIZ LD Tk AB & AC & AD ZfkH L
T, B9V —/ 16 75@)&#‘@

H A
Y N
" o — RHQ]/Q’O

R2 R2 R2
14 d"(OAC)L, 18 AB
AcOH i
o

H oA )
N\\ Pd”L R1J§/O
5, AcOH
)\( AcOH Y\ PdOL
Rd'L, N\ l
N\\ /
N’ - )\/ I
0 ath a N
AcOH R1J\( P
Aa R x_OH
pathb R R
&i ‘Pd” OAc) X R?
c)L (\

AD
N. _Pd"(OAc)L,
H b \ N H l
JV RK% )
2 N.
y R ;‘2 N
RO
R2

Scheme 49. Proposed reaction pathway.
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Z T, RBUGZELL T OB T THLIBE L,
1. B RTVUnbHET U OARRKE (14 — 15)
0 i/ 37 27 A0 HEEE ST V7 ZSFHAET D ROGRREEIZ DN T
T UM H YT — U NERRT DR (15 — 16)

1. E RT3 ?//@Eﬁkfxﬁzk

ARBO % i S N CRUGBRLATR . 30 43, 1 IRef], 2 IRefH] RO 45 1k & NMR HIE %
fTolcl 25, %M%mmﬂﬁﬁﬁfvt 7Y =/ 16ac DA E & HIZT V2 15ae BRI T
AR LTS Z & D3RS 472 (Scheme 50), & 512,17 Héfﬁaﬁfiéf X7 Y 15ae 23k L.
HIDOE TV —/L 16ac DANHER SNz, ZDOZ LB IET V0 nHERTH D Z &2

HEE S 7=,

/
NH  Pd(OAc), (10 mol%)  N. \> N.
N MS4A N . N
(0] (0] 0]
Ph)j\f t-AmylOH, reflux, air Ph)\f Ph)j\f
OFEt time course OEt OEt
14ac 16ac 15ac

Time 14ac 16ac 15ac (NMR yield)
30 min  43% 4%  22%

1h 17% 19%  26%
2h 2% 42% 15%
17h 0% 44% 0%

Scheme 50. Synthesis of conjugated azine and control experiments.

WIZN-v 7 a7k KT Unb 5T V0 OEMBRKIZOWTER LT, AL
FRTRD L DI T VT AfiEic LB 7 aFa o C-HIEERNEITL, 7 un7n
2N DBABR B e < 8LAGE IR A3 1 fTL“CT//i))EESZLJLJ:?EELtO % Z T C-HIEM
EREITLTWAD I EE2ERMIORTZDIcy a7/l KTV 14ab % tert-7
LTIV 3 — VIR 10mol%®i’5{t/\7yl7A“69LLfEibf:k A, BHDO Y Z Y —/1 16ab
L7V 15ab 1T S BN o 7= (Scheme 51), ZAUIARISIZE T, /XT7 20 Al
OB 7L UCHR Y =4V BNEETHDLZ LA LTEY, CMD #HEIZT C-H 15k
EDETL TS Z &R I T,

v AN

NH

N~ PdCl, (10 mol%) °N . N
)J\’//O )\’//O O
Ph t-AmylOH, reflux Ph Ph
OMe air OMe OMe
14ab 16ab: N.D. 15ab: N.D.

Scheme 51. Control experiment of C-H activation.
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VT DFT SR Z W, C-H ML 2R3 5 BUSREEIZ OV THZE L7 (Scheme
52), ULBIEITIZ MO6 i L, BLIEBI% L LT 8T 20 ATH L Lanl2DZ, Z O Ji-
(ZX LTI 6-31GH(d, p) &2 AV Iz, 97, Bl N7 V7 L OB ZHBHEIT L, BERR O
Bz fEo Tl KT N8 T Uy AREUL LT PRI X AT 5, 0%, HEIR X 2
5 CMD 12 K D C-HIGPELAEST LT/ T XA 7V G DR 2 SUS OTEHE L= %
NF—ZFR L& 25 23 1 keal/mol THDH Z L AVoyh-o 7z, KW T, pathb DX 512 23.2
keal/mol DIFPEILE /L —Z& fEu FRROBALE &Ik KT Y R Tm b AfbEi, /X
FHEYA 7Y T2 % (Scheme 52, 2 1), ¥KIZ 29.7 keal/mol DIFMEAL T /L F —Z fEur
7 7asR U RBER, 14.1 keal/mol OIEFMAL= R F—Z 0 B-t KU FEEEEDHEFT L C
TV AABERT D LEE L., S Tpatha DL AT IFA IV GbY T
TR DOBBR L RNT DT LADR TN HRCTEIT L TT ¥ AA DERT 58 TlLis
b= RV F—7% 10.3 keal/mol & FHH Zi72 (Scheme 52, Ri2), ZOfEIZ> 7 v 7w/ 00
PSR L -t Y RIBLHEDS BXRSAITEAT 2 path b & e LT 12.8 kealimol IR0 T, v
07 aRVORBRERT VT AOETHHRICHEITT S patha R ERKETH D LB 27,
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AG

(kcal/mol) +23.1
r‘—.‘
+17.3 +17.2
0.0 /path b
L 59/
H ?Ac \ /
\-12.5/
N _pd! V\ =12.5,
SN \ Rd'"
NS / V\
Me™ X0 N Rd"(OAc)
0 N:N/\
OMe Me H\
X OMe e
AcOH G OMe
Y

14 + Pd(OAc),

AG
(kcal/mol) +23.1
0.0 / ; path_a‘,_——""
V59 .-
Y H OAc —
I
s /P\d Y\F’d”
o) N
Me N N
OMe Me X0
X

14 + Pd(OAc),

+4.4

Pd(OAc),
02
! =33 AcOH
N pcoH P
' —17.4/ ' A )
O \-226
N....Pd"(OAc) N N oyelo-
N H NI \\Pdo\}ﬁ isomerization
Me)ﬂfo N # 539
OMe )\fo f
7 Me Nl_ \)
OMe N
AA Me 0
OMe
16
Pd(OAc),
O,
AcOH
Pd°
A
e -226
- cyclo- @)
| \\Pdo\‘ isomerization
N"N,/'. 539
(e}
Me)\f m
N.
OMe N
AA Me o
OMe
16

Scheme 52. Gibbs free energy profile of C-H activation pathway. (R' = Me, R? = OMe)

ZZETTC-HIEMEDORBEIZOWTHE LTc, —HFTARKILD Y7 vm 7 r/ N OB
FOSORIRE S EZ bD, Thbb, BiE/T V0 LORNFAHAET L, FER O
HEZ S TRT VT LDRENL L, 6 BERD/XT V7 LK AE 23EKT % (Scheme 53), %
D% PIRBEHBENHEAT L, V7 v 7800 C-C AN EBYIN Sh 3 RSRETH 5,
2T ARBUSRIEIC OV T HILBIEE LT MO06 Z L, FEEREEE LTI VT A
%t L Lanl2DZ, & OMOJEF1Z%F LTl 6-31GH(d, p)& HV /= DFT #HHE 217572,
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Nw\ OAc Vb
d N " oAc

NH AcOH Ny~
/ N
- _ > (0]
R1JK?O R1J\¢
R2

N
< 1)\?0 + Pd(OAC),
R2 R2
14 AE AF

Scheme 53. Reaction mechanism of B-carbon elimination.

7 6 BROK AE |X C-H IHEELORBMATH LD 5 BERONRT VU LR X L0 b
22.8 kcal/mol ZiEToh D Z L D33 L7z (Scheme 54), #il T AE 7> 5 19.4 kcal/mol DI
P LT =2 B-RBENEESEIT L, 5 BERONT XA 7L AF DAERKT D, R
IZAF 5 B-t KU FBBESHEFT L TR T ¥ v T 2 RO W THE 1T 7228,
RTEHA TV AF [ZIEFICZERSHETH Y, B-& RV RBEENHEITT 5 X 0 2EBIR
REZ RO DHZLIETERNoTn, ZOZENBNRNTHEY A7)0 AF 5L B-& R U K

BENHEIT L 72V EE X2 TV 5D,

AG
(kcal/mol)

+22.8
H oag +19.4
I \ k \
N~ _Pd" \ ! |
N’ \ k \
Me N0 ' 0.0
OMe — \
X \
1=10.2
AcOH N‘)\ ~OAc : |
N, Pd / P-hydride
% i /N'P d elimination |
14 Me)J\fO N "hone — s N
(0] N
Pd(OAc), Ag“"e Me)J\? o
OMe Me
OMe

AF

Scheme 54. Gibbs free energy profile of B-carbon elimination pathway. (R' = Me, R? = OMe)
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ZZ T, NTHEYA TV AF 73>EEW§¢MK7§§L”L TFIUEEEAT D AG &
Do FEWTT 2 R EOKBEMBENHEITL, BT P18 3T7 VT A R U R4
ﬁ"éfxﬁﬁ%%?bt (Scheme 55), ARFRFEIZOWTHE~2 fFt L7ofE S, LBEEE LTt
FIE2M T2 BOTD, FEJERE L LC/8F 27 A% L Lanl2DZ, % OO F-25%f LT 6-
31G+(d, p)-def2TZV % 7= DFT #tE 247> 72354 K AF 7> 5 10.5 kcal/mol DOFF AL
TRLF—Z N, =) 3 ‘/EPF'EWZF AG 3RS 5 (Scheme 56), #il T 18 keal/mol Dy
ML RV R —Z NI T O IS NVERRT D 2 E R ST,

R &) IS

77 Pd /\r/"d

NI - N
i “OAc - OAc - + H-Pd—OAc
Ao )Q Ao
R2 R2
AF AG 15'

Scheme 55. Another pathway of generating conjugated azine from 5-membered palladacycle AF.

AG
(kcal/mol)

O,
AcOH

+7.3 Pd(0), ACOH — Pd(OAc),

Scheme 56. Gibbs free energy profile of generating conjugated azine from 5-membered

palladacycle AF. (R' = Me, R* = OMe)
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b X iz, B-IREMEEZ T LIz 7 07 a0 OBBRKIGIE C-H EH L ERET 5
BRER S & 0 BIEHAL = R L X —2MERNZ E B30 0 | KRBT B-IRFBBEZ T LTz
07 a /N ORBRKIGHERE THH EZ 2T, T7obb, B KTV 4ITHIE/ T VT
LANBSL LT 6 BER/NT XY A 7V AE AR LT-%., B-REWBEZ N L7 7 a7 ax
COBBRKIGHHEITL, 5 BEBR/NT XY A 7 )L AF AR T % (Scheme 57), AF 75 AZ
BPEAENET L, = I UMEEZ AT L2 TRHIK AG &7 5, W TT I UEHR EOKEM
BENHEITL, BT o158 7 Vv A KU RRAERT S, X7 Vv Ae KU RidET
HIBEEIZ LD 0 fﬂﬂ@/\7~/f7A@<E 20 TORER EHIRIC K VER/ T U LA L
B IND, RBEICIET VIS OERIEEMEESOSIZ LY BT Y —L 16 BVERT %,

V

NH
d"(OAc),L, 0,
R2 w
PdL,,
AcOH
AcOH
/ Pd _OAc
N F
RIYC H-Pd—OA
- —_— (o] —
R? (\ cyclo- 7\
AE isomerization N

N
N N
—_—
R1/H\T?O R1/1\T?O
R? R?
N \ 16
15
D N[ Pd-oac

/s \Pd\ /
N oAc R1)J\(o

Scheme 57. Main reaction pathway.

2. 0T VT LPDOEER NG VT AT D RISEREEIZ DUV T

IS 2 B St D28 KAFAE T Tl <, 7A I FEREILTHRFLEZEZ A, BT
—/L 16ab DULHEIT 34%ZMKF L7= (Scheme 58), = 22O ARKISICEENMLETH D Z &
WA E Tz, ZOHBIZONT, 0 firsT P o AR 2 lOFHE T ¥ T LN
AT HBCERTOMBENVLETHLZ ERBELLND, 2P
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.NH N/@

N Pd(OAc), (10 mol%) N
(0] (0]
Ph)l\!& t-AmylOH, reflux Ph)Y
OMe 15 h OMe
14ab 16ab

under Ar : 34% (NMR yield)
under air : 60% (NMR yield)

Scheme 58. The reaction mechanism of regenerating Pd(OAc)».

3. HETIOUNLET U BERRT DR

ABONEF T T 0 15ac WAERKRT HZ L 2R LA, RINFETH -7 (Scheme
50), £Z T, 7V 15ac ZRIR AR LRI BERZMFT 22 Lz, £7 o7
FZ ATV T0ac & RT VKR EMERTHZ LT T 85 4 L7z (Scheme
59. X1), Bon-e FIV U827 7nlb A LT 5HZ LT, 7V 15ac % 29%
DILRTHRK LTz, I, B LT P 15ac RGBT L, BT Y —/L 16ac A
R%DWHETHELNTZ (K 2), UEDOZ L oI&ET VUV BARKIGOFTREIKTH D Z &M
RE STz, T VU 18ac B/NT VU LEIEEAE T TINEVS 5 L. BT Y —)L 16ac
D T8Y% DU TR B, /N T VT LEAAAET LY b o TICEmWIE L o7 (3),
ZFOI, BT VU OBLEMEINIZ LY © T — ARERT HBRRICBNTRT Y
U LRI EE T, b PN EREL TS Z RIS N, B, BEENRT
W DRI O BRAL BV SOE T S IMBD Z THOGHHEIT L TEB Y | AR TH FRERORE R
R EnT (4, ¥
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HoN
j\ NH,NH,+2H,0 (2.0 eq.) | ACOH IN
- 1
Ph™ "CO,Et  H,O/AcOH, rt, 18 h Ph” “CO,Et  Et,O,rt,4h Ph” “CO,Et ™
70ac 85 15ac: 29% (2 steps)

N\N Pd(OAc), (10 mol%)
J\ MS4A o 2)
- .
Ph
Ph CO,Et t-AmylOH, reflux, air OE
8h t
15ac 16ac: 72%
H 7\
Ny MS4A N
| S o} (3)
Ph)\COZEt t-Am)e/]Ii(r)I-?l,t:eﬂux Ph
’ OEt
15ac 16ac: 78%
Ph\H
| 73
N. N.~ ~Ph
IN _— N 4)
° O
Me (0] 180°C,1h Me)\f
Me Me
86 87:90% ref. 54)

Scheme 59. Cycloisomerization of conjugated azine without Pd catalyst.

PIEDLHICEFIIN-V 70T a LTI RSV ONRSG U Allic LAY 7
TuR D C-CREGEIMNITHE S ERSISIC L Y BT Y — VOB RITHL) Lz, ARISIZE
WTC., T RVt v 7 uara U EH b ol s L CoRE 21Tl 20
% OBV RIS OEEIZ BEE L. BROES Y — LRV AER TN, JET
R OB CENT-ERIENFERTE HBLMETH 5,
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W3 N/ Subt AT KTV UORBK L Heck K md
AT LD 1-T VX )L-5-T U — )L TV — LAk DB
%

W2ETN- /7t L7yt RIY 0 &2-_T 00 Al ClE« 52 LT/
Ebovrararo C-CREGUEiz kR &3 2 ERIGDOBFICRII L, LiL,
BRTELET Y —ADIFEANER—EBIHRLET Y —LZRENTEY | E#RE T Y —L
DERIE, FETH D B 7 a7 a X OIS O TRAET 5 2 LB EMM
Thorotz, ZOMBEOMRREE LT, FHIIAKEO LT ¥ HRIZ Heck St T
POLEANTENR, ZBHRE T Y — L2 EICERTE D EE 2T, TRbb, %k
HEFTN-YZ7r7BELE RTY 14 LI — KT L— %35 200 Ml b KIS S5
ZETI-TAXNLST U —LET ) — VI8 AR TE D LB 272 (Scheme 60), AKUG T
B2 EOMIGERRIZ R Uy AMREZ L D> 7 v 7 a X OBRMKGSAET L, &7
DU AT D, KW T Heek SUGHEITL, 7V — L ESNTZT U 17T BAERK L, &
BATINBNT X DB EIT T2 2 & T 1-74FL-5-T U — LB T Y — L 18 BERK
T 5,

Y /
_NH Pd catalyst N/D\Ar

N Ar-l, A )\
Ph CO,Et Ph CO,Et
14 18
C-C bond ) cyc]o- )
cleavage isomerization
Ar
X
N|(\ (\/
Ph™ "CO,Et Heck Ph)J\COZEt
15 arylation 17

Scheme 60. 1-Alkyl-5-aryl pyrazole synthesis via C-C bond cleavage of cyclopropane, Heck
arylation and cycloisomerization.

LA T D 1-T A FN-5-T V=BT — /LT 2N E TICEA R FERARES A TWY
LN, BRI IR A RIEITRIE M STV, 1-T X -5-T U — L BT Y — )LD
b EMRFE LT 13-V NVAR= b aEMA L v RZ P 2 HWTEaRInn & 5,
Reedjik HITE=0 H AT I K88 L AF /L RT VU EMiGIEDH I LETI-TILFIL5-T
U—bET7Y—L 89 A/ TE 52 L&A LT % (Scheme61), > LiL, [FIFEZ 1-
THFN3-T U=V ET =90 BREIET D NG, (EFRRVEICHEER o7,
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OO Me—NHNH,
X

OH O N. Ethanol, 60 °C

88 89: 58% 90: 28%

Scheme 61. Pyrazole synthesis via condensation of hydrazine and 1,3-dicarbonyl isostere.

Tl ERE T Y =L EHOT NI T VX VA EAT L FERREINTND
Jurberg HIXT7 YV —A T YT T — k91 % UV KT, 30 48D 3-TV—1LET Y —/L
92 L 10mol%D V »EEH Y U ATHEET 5 Z LT, N-HFALUSHSHEIT L, 1-7 /1% /L-5-
T V=T =93 DERIZHE LTS (Scheme 62, 1), *® F7-., Thomson 5 IE
YIUNTE ) =N —T )95 % CANFAEFC3.0YHED3- T —LET YV —/L96 & 50
BORBAKFZET M) U LTS 52 LT, BBl > 7Y 7R EITL, 1-7 L% L-5-
TU—NWET =97 OERKITHEILTND (K2), 7 LinL, Zhb 220 NIALT L
FUEOSTHRERIZ, 1-TVF0-3-T U —L TV —/L 94 X° 98 NEIET H2DIT, AL
ERRMEICRRER S o 72,

\
I\
N
MeO (3.0eq.)
/ N N COzMe
0,
Ph\[rCOZMe KsPO, (10 mol%)

N2 CHQClz COZMe
91 93: 58% 94: 28%
/ \
g
H (3.0eq)

. 0 .0
a 3 (5.0 eq. e
M 2
Ph)\/ ) OYhMe ¥ opn @

EtCN-MeCN, rt
Ph

97: 40% 98: 50%

95

Scheme 62. N-H insertion of pyrazoles.

ELIE NI —BHRE T — 20, ST ) — VA2 EATEFELHE ST
%, Manzini H1E N-AF /L E T V=)L 99 % 5mol%DFEERE/ T 20 AL T, 4-7 0 E
Rbx b n-BuNOAc THLEES 5 Z & T, 5-7 U —/LE T Y —/L 100 DA RIS LT
% (Scheme 63), *® LML, 7 U — /LR E HIZHEAT L7z Z@E#E T —L 101 b FRIFRFIC
R L TV D T, RFEEMb @ IRMEICREN H - T,
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p-Tol-Br (1.5 eq.)

Pd(OAc), (5 mol%) p-Tol
{/ \\N n-BusNOAc (2.0 eq.) /F\N /Z/_\\N
‘ p-Tol ™ ™N° p-Tol 7 >N
N DMA, 140 °C Y+ \
Me Me Me
99 100: 49% 101: 8%

Scheme 63. C-H arylation of pyrazoles.

LI ED X5 7o @R & 72 i bR R OGP 2 i 2 Gk L LT, vy 7Y v
TROGSERAT 2 FERS D, FIZIE Fu 51X 1-7 %oy —bAie VR 102 &7 =
=ATaX REARI a2y 7 T ORI Z LT ALEEIRAYIZ 1-7 L % L-5-
T U= T )L 103 DEFRKIZHKE LT 5 (Scheme 64),  LnL. BFE® 1-7 /1%
VBT Y =R e R 102 DERRICEW T, B TH D n-BuLi 2 H W =S4 2FH LT
WA, ARTE D 1-T XL 7Y —Lhe CBEATHIR STV 5,

Ph-Br (1.0 eq.)
[Pdy(dba)s] (1 mol%)

/B PCyj; (2.4 mol%) /F\
A Ph N

(HO)B™ N KsPO, (1.7 eq.)
i-Bu dioxane/H,O I -Bu
102 (1.1 eq.) 100 °C 103: 92%

Scheme 64. Cross coupling reaction of pyrazoleboronic acid with arylbromide.

UEDE DT I-TAFNS5-T U =L T — TN ETICHEL RFERRE ST

DM, AL EERR VAL BRIV GRE N o T, FEHEDET LN/ as e it
N7 o dD C-C AUk, Heck SO, BRAGEMEALOMERISUSIE 1-7 L FV-5-7 U — 1t
TR E LTI D 2 b T E | LESERIRMEO L SR IR M 0 R A iR
THERIEI /D Z LRI CTE D,
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AT RO b ORREY

vruaZurbeik RIYV L 14ac FHWT N-v 7 ara L7 e RV ooy rnm
7 a @ C-CFEAYINT & Heck SISIZE D 1-TAF-5-T U — )L BT ) — VOB R ER
FF L7 (Scheme 65), £ 7 a7 a/ R0 OBRIZE D HET VU AR L7o%, Heck X
JEHELT9 D Z & T, 5-T U — L3R T V0 17aa AT DGOSR AR LiZ, RiE
T, HET V100 CORMTFITBWTHOMIZER/IE BN EITL, BT Y —
NS ID Z Lo TNDTed, BUNRELZ T 52 & THRET ¥ OB 2%
fbZ#i U, Heck S EEIE L CHETSHEDH Z LT, 5-7 U — A HET UV BN
bbb LB ZxT, £Z T, Heck RUCDEHESBIT L, tert-7 /L7 /ba—/LH | 80°CT
vruZueie K7V 2 14ac & 2.0 48D p-3— K b % 20 mol%DEiE /T Vv
2 & 40 mol% D (o-Tol)sP, FBLOMEILE LT 2.0 Y EDREEE w7 2% FWT 13 R
THE WFHFEY  5-7 V=L T U0 17aa AR LT, V5.7 U — 4T P 17aa
1% 80 °C DEEIZH W TERALEMALSUE B HEIT LW, W THIRT A & & Lz,
Fo, B2 BEE 3IHTCOMMEROER NSO, T Dy LA IRICEM L EZAET 5 2
ERGo TN, T2 T, NI VU LHHIEA L L ToMREZ I LT, ZHIZ 40 mol%
DIZFNXH U NFUEEH Y 7 A EINZTIS0CTMERBLIZEZ A, BTV —/1 18aa
T BN ot-, ZHuT tert-7 I LT L — L 150 °C DSAETIE, 5-7 Y — ik
%7V 17aa £33 7V — L 18aa WO LT-720 72 L B2 T D,

1. p-Tol-1(2.0 eq.) p-Tol 2. s
N
0,
Pd(OAc), (20 mol%) N(N\/ et L T

N -NH (0-Tol) 3P (40 mol%) 0~ Vs K N p-Tol
)J\ Cs,C0O3 (2.0 eq.) )J\ (40 mol%)
Ph™ "CO.Et t-AmylOH, 80 °C Ph™ COLE t-AmylOH, 150 °c ~ Ph™ "COzEt
14ac Ar, 13 h 17aa 3h 18aa: N.D.

Scheme 65. Heck reaction of N-cyclopropyl acylhydrazone.

ZZ Ty ruru OB, Heck i, 38 K OBRALELMAL BSOS Z B it 70 2 DT
Ffi % K25t L 7= (Table 8, entries 1-4), 7 & h= kU /L F£721Z DMF ZEEICHW-5E, ©
T = 18aa 1T B B ONR o Tmn, FU LV UERBE L THWS &L BT Y —)L 18aa
3 35%DYLR T LI, VTR Y = R UL EEBIZHWZERIZE T Y —)L 18aa DY
R 56%IM EL, NV = FMUARKKISZ DRI EITIEDHEETH D Z & 03550
o7z (entry 4), &IZ, BRACEMACSIG OB =T X0 NP U U T DB L 72
STl 2 A, BTV — b 18aa DIYLHRIT 46%IMK F L7z (entry5), ZALUZ XV =F L4
PRI ) O LB NT DT AHRAIE LTAEHTHDL ZEDNHA LIRSz, HWTHE
AR OM A B L, BEx REN A2 OWTHET L7= (entries 6-8), Z D&%, (o-Tol);P
D BWFERE G525 2 & D30y T2, RIC Heck SUSOIEERHIFF TE 537 2w Afik
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i & L C Herrmann fiffE % 10 mol% /=& Z A, FFEDIERTE T V' —)L 18aa N H H 1L
7= (entry9), ) I BT, RISKRHFTERT D37V Ak R U FORITHINEEZRET S
WAz fEt L7z (entries 10-12), ALY F 0 A% 20 mol%iN L7256 WM EL 722
o723, n-BuNOAc F 7213 n-BwNI 2 20 mol%iis L7z & 2 A, WTINOEA HIEIX
61%I\Z17 | L 7= (entries 11 and 12), ) FflZ, HEDOMFIZ1T o7 (entries 13-15), A
FEELTNIZFAT Iy SRR E UCOKBRE D U U ARREED U U A HIRET L7223,
ENENCEON FIFR 6N hoTc, U EDKRFORR, e rrere NIV %
RV = MY 80 °C T2.0Y4EMD I — T L—2 & 10 mol%? Herrmann il ML &
LTC20 YEDOKREEE YT A, WA E LT 20 mol%? n-BuNOAc F 7213 n-BusNI THLEE
L. 5-T U —AHET Do ~EFHET 5, D%, 40mol%D=F)LX% 0 NS Ui Y v
LaETIML, 150 °C THNEMREET DRI RETH D Z LR BN o7z,

Table 8. Reaction optimization for synthesis of 1-alkyl-5-arylpyrazole.

1. p-Tol-l (2.0 eq.) p-Tol 2. S
Pd] (X mol% (\/
Y [Pd] (X mol%) i et AN N

O~ "§7K*

N,NH ligand (2X mol%) N p-Tol
)J\ Cs,CO3 (2.0 eq.) )]\ (40 mol%)
Ph™ "COEt solvent, 80 °C, time Ph™ "COEt solvent, 150 °C Ph™ "CO,Et
14ac 17aa 2-5h 18aa
entry [Pd] (mol%) / ligand base solvent additive (mol%) time (h) vyield (%)
1 Pd(OAc), (20) / (o-Tol) 3P Cs,CO;3 MeCN - 14 N.D.
2 Pd(OAc), (20) / (o-Tol) 3P Cs,CO; DMF - 2 N.D.
3 Pd(OAc), (20) / (o-Tol) 3P Cs,CO;3 Xylene - 17 35
4 Pd(OAc), (20) / (o-Tol) 3P Cs,CO; PhCN - 5 56
5b) Pd(OAc), (20) / (o-Tol)5P Cs,CO,4 PhCN - 12 46
6 Pd(OAc), (20) / PhsP Cs,CO;4 PhCN - 2 362
7 Pd(OAc), (20) / (t-Bu)zP Cs,CO0;4 PhCN - 17 10
8 Pd(OAc), (20) / JohnPhos Cs,CO4 PhCN - 17 52)
9 Herrmann cat. (10) Cs,COg3 PhCN - 12 o7
10 Herrmann cat. (10) Cs,CO;3 PhCN LiCl (20) 21 54
11 Herrmann cat. (10) Cs,CO;3 PhCN n-BuyNOAc (20) 19 61
12 Herrmann cat. (10) Cs,CO3 PhCN n-BugNIl  (20) 7 61
13 Herrmann cat. (10) Et3N PhCN n-BuyNOAc (20) 36 42
14 Herrmann cat. (10) KOH PhCN n-BuyNOACc (20) 65 51
15 Herrmann cat. (10) K,CO3 PhCN n-BuyNOACc (20) 67 58

a) Yields were determined by "H NMR using triphenyl methane as an internal standard.
b) Without potassium ethyl xanthate.

B Me
Bu _J_o-Tol{_,0-Tol
0“0, P

P—t-Bu . .
I N
Pdl_ _Pd!!
O~ g

0y 0
o-Tol” \o-ToI Y
Me

JohnPhos
Herrmann cat.
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H2H SUSEEEDOF

P

A i DHEE SO % Scheme 66 12777, Herrmann il 5 4T 5 0D/ N7 20 A
FEIZDOWT, 33— 7 L— 2 ~OBALAITIN & B OB T BB EIT L. 7V — 3o
A LIENTG VLT T — MENERT D, D% RT YV v 1dac ~TF VT LT BT
— NEDSEAL LR AHIZ2 5, RIZ, NIV AREHEOY 7 a7 aNy C-HEEA %
Gl L, NZEYA T AL DBERRT D, FENVT, NTEHA 7V ALICBITLY 7 r 7R
INUDBRABRSHEIT L, AV 272D, TD%, -t U FEREEANET LT, 7V 15ac &
NIV LE RY RBAERKRT D, NT7 VUL R FIZECHIRBEOETIZE Y 0 T
VULANEBEREND, EDOE%, 0MiNT T LD — KT L— 2 ~DEB{E I AT
T V=RV LFERF VT 4 o ~HATHZET AL 720 B-& R U NEEEOHE
TICED 5-7 V=47 0 17aa DVERRT D, 17aa (TINEMC X 2 BRALSMEALBOS D3
TLTHMOEZ Y —/b~18aa LA SN LEBEZTWD, £/, NT VT LAT7ET— b
N E BT Y ATENL L CTHEA AH 272 2 SOSIZRWT, 2 ETiEe KT Y ol
0 R ALELE D BEET = 2 & ORI FIEBRPEIT LI, KRS TIINTZ Yy LT 8T
— MEDO NI NLVEDO T 7GRN END T, B KTV U ORT VT A~OBULDTH < 72
STWBHEBZLND, TDD, NTVT A EOFRT =4 ORBENEZ »i1z< <,
WRAAETCTHbE RV o7 m b iAbZ tF ) B FE#ITET LI nWEE X T
%o M F72, Scheme66 D7 7 rE/LE KTV 14ac 6 BRABRKIS S ET L, 5% 7
T 15ac AT 28R Tl B-IRFEMBENHEIT T HRE LB X ONDL0, /XT U7 AFEN
B D720, HENRECHEBEZ B L TV,
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p-Tol
VNH (\/ //1
Noy N\N p-Tol
. .
N o —=» o

- Ph
H OAc Ph)J\fo Ph ) CyC.lO )
| 17aa OEt  isomerization 4o OFEt

HN._ _-Rd'(p-Tol)L, OEt
N™ ‘\Qac
)\7&) Pd"(OAc)L,,

Ph d"(OAc)p-TollL,  Pd"(OAc)LH p-Tol

OEt |
!
()
N R (o-Tol)L AcOH
el

L c-H activation/
C-C bond cleavage PdOL,

ph” 7O p-Tol-I

p-Tol-H
Al OEt AcOH Pd(OAc)(p-Tol)L ,
X
| N
N

Heck arylation

_Pd"(p-Tol)L,, Pd"(p-Tol)L ,H \ d"(OAC)(p-Tol)L |N

"o ‘N Ph)\fo
Ph)y JYO }\_J OEt
OEt Ph AK

Ad 15ac OFEt

Scheme 66. Proposed reaction mechanism.

WIZ, REOGDFEIZ DWW TEL N DEEREIZ /31T CREL <3 %,
1. ¥rurav e RV UG 5-T U — 3T ¥ 0 OERMFRE (14ac — 17aa)
2. 5-7 V=BT U NbE T Y — VORI (17aa — 18aa)

1. ZuZuaie RIS Unb 5-7 U — V3BT U OERFRE

KRG %= F XS NF g ) U AORIMAN S fEILsE 5 e, 5-7 ) — Lk
{7//1%a#ﬂ%®ﬂ#f%%ﬂh(&Mmﬁﬂ W T v 15ac & fe st
WAL 2 A 5TV —AHET UV 17aa 1TEL G ooz, ZOBEBEIZONT,
Herrmann gL 2 fhiod X7 °/‘7 L CH AT — T L— 2 ~DOELRIFHIN A HELT
L7\, Heck IUSDBEIT LR o7 2 ENEZX LD,

p-Tol
Herrmann cat. (10 mol%) | Herrmann cat. (10 mol%) |
Y p-Tol-I (2.0 eq.) | p-Tol-I (2.0 eq.) |

_NH n-BuyNI (20 mol%) N. n-BugNI (20 mol%) N
)NJ\ Cs,CO5 (2.0 eq.) )NL Cs,CO5 (2.0 eq.) ),\Jl\
Ph™ "CO,Et PhCN, 80 °C, 5 h Ph™ "CO,Et PhCN, 80 °C, 30 h Ph”™ “CO,Et
14ac 1% 17aa N.D. 15ac

Scheme 67. Generation of 5-aryl conjugated azine.
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Z 2T, B2 EwTHIAN D, Herrmann AR HFEFEHZ X o T 0 flid/NF 20 AFE
W ST, JOSTETT 5B R, TRhbb, /e a /e F7Y 2 14ac &
i IR % 2 & T, EEEIR & OERIRAEIZ & % Herrmann filtfi o BZSE(A AN > 7 1 B L
E RZ Y 1dac IZEAL LT, HEE AM B4R T 5, £0%, a7 a0 C-HIE
PEAL L BHBRBOSSEIT L, A0 & 725, VT B-B FU FHEESEITL T, 72 15ac &
NIV AE RY R AP BAERKT 5, WRIZ, EITHIBBEOEITIZE D, AP 225 0 flid (o-
Tol)sPPd AQ 23RS 5 Z & T, ISHAEAIZHETTT 5 & WIFF L 7= (Scheme 68),

Me
_J_o-Tol_,o-Tol
0" ™o, P

n “pyll”
O 5T

P 0.0
oTol” YoTol T
Me

}

2 ©\/\Pd”—OAc

/

P
o-Tol” \o-ToI OAc q @
I >

Rd'-p
NH ~Rd" Nacd 'V W\ ~o-Tol
N HN | R~o-Tol SNV o-Tol
0 | \O o-Tol : ‘O
Ph Ph™ N ACOH Ph)\7
OEt OEt © OEt
14ac AM AN
X
N (>
NI Pd'-p N Me
- - ~o-Tol —  » H—Pd'- - . 0_
H 0 \O—Tol Ph o d F’\‘O-Tol Pd R\O-Tol
Ph OFEt o-Tol o-Tol
OEt AO 15ac AP AQ

Scheme 68. Reduction of Herrmann catalyst.

ZIT, BTV 18ac ZEE E LTHW, RS LTI 77 me e RV
> 14ac % 22 mol%iIN L7 S_Hicft3 &0 5-7 U — %7 202 17aa 7% 58% DI T
537z (Scheme 69, 1), F7o, MRHF TEKT D 0 i X7y az2RHT 5 LT,
W T ¥ ~D Heck SUGNHETT L. 5-7 U — /g7 O U N ERT 5 EWIFF LT, £ 2 T,
TV 15ac £ 2.0 Y ED p-d— K hbmrERy Y = R UL 80 °C T 20 mol% D EEE /¥
T N E 40mol% D (o-Tol):P. B L ORI L LT 20 UEDOKEE L T L& HAWTGEA,
5-7 U —HET U2 17aa B 20%DPERTHER LT (X 2), IhbDRFHcHgEr v
15ac @ Heck SUGHHEIT L2 Z & vb . ABUSTHRERIC, T P 0nns 5-7 U —udt
BT UMERT D Z EBRH BN T,
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p-Tol
| Herrmann cat. (10 mol%) |
| p-Tol-l (2.0 eq.) i

N. _NH n-BuyNI (20 mol%)
)NJ\ + )"L Cs,C0; (2.0 eq.) NN ™
Ph” “CO,Et Ph™ “CO,Et 5h Ph” “CO,Et
15ac 14ac (20 mol%) 17aa: 58%
p-Tol
| Pd(OAc), (20 mol%) |
(0-Tol) ;P (40 mol%)
| p-Tol-l (2.0 eq.) |
N\N Cs,CO; (2.0 eq.) N.y (2)
PS PhCN, 80 °C
Ph” “CO,Et 30h Ph” “CO,Et
15ac 17aa: 20%

Scheme 69. Heck reaction of conjugated azine.

2 5-7 U= HETUNEET S — )LD

5-7 V=TV 17aa XY = R UL 150 °C THIEME#HT &, © 5
V' — L 18aa B’ 63% DI THF H 7= (Scheme 70), ZDZ &b 5-7 U — L3k 7
DU EBALEMACROS A EIT L CE T Y — LN E R T DR TIRL 3T U L il
DARETHDZ LEIRB I NI,

p-Tol
L -
l N/:>\p—Tol
)’\]l\ PhCN, 150 °C, 3 h )\

Ph” “CO,Et Ph™ COREt

17aa 18aa: 63%

Scheme 70. Cycloisomerization of 5-aryl conjugated azine.
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5538 IREE HEPE IS B D R

WIZ, BEFIIN-7a a7 e RV oo ra” Y
230D C-C FEGHIN & Heck KISIZ LD 1-7 AFL-5-7 1) — NN {EL
2

> > > P = S Sipee I R
VBT Y — VA RO R B A ER B L CRET Lz, B 3 HIER COzEt |
1 HCITFEHE I OWTEBI T 5, FBI3HFE 2HTIEI—R

TL—rRvrsuara )l RV 0RE MBI OV THE LT,
B1HE vZuyob b RIV 0 ea—R7L—r08RK

I, gL s a—RT7L—réirsurub e RIVUVOEKEITo T,
A K ) —)LVHERT, ¥ b= A7/ 70at,70au & > 7 a7t )Lk RIS 6752 U
FAET THIAESESZ LT FF Y 14da, 14db Z 4% L 7= (Table 9),

Table 9. Preparation of cyclopropylhydrazones.

o [>—NHNH,2TsOH n-NH
67 |
COzEt pyridine (2.0 eq.) CozEt
MeOH, rt
70at, 70au 14da, 14db
entry o-keto ester Ar time (h) hydrazone Yyield
1 70at 2-naphthyl 16 h 14da 53%
2 70au 4-EtO,CCgH4 13 h 14db 62%

F7-. FEROE FI Y UAROEEE 725 a-47 F = AT L T0at, T0au (ZLL T D K 9 I2H
% L7= (Table 10), J72b>H 4 b Tlat,7lau 2 ¥V V@i, @bk L Ta-7 b A
VIR BRI LTt MBFEE R CZ J — Ve T D2 & TR LT,

Table 10. Preparation of a-keto ester 70at, 70au.

0] 1. SeO,, pyridine O
reflux, 1h
Me —————— CO,Et
2. H,80,, EtOH
reflux, 1 h
71at, 71au 70at, 70au

entry R a-keto ester yield
1 2-naphthyl 70at 89%
2 4-EtOZCCGH4 70au 33%
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WICHIR SN TV I — R 7 L — 2 105af, 105ag DK &2 1T - 7=,
4-9—RT7x ) =104 ZKF LT PV TLAFETTrZ R AF IV AF LT —T L% H,
b Ref s MOM Ri#42 Z L T, 105af 4 L 7= (Scheme 71),

HO MOMCI MOMO
\©\ e \©\
_— >
I I

THF, rt, overnight
104 105af: 31%

Scheme 71. Preparation of iodoarene 105af.

WIZ4-3— K7 =V 2106 % ) =F LT I UAFE FCHifb e "a A vz v, 737
HERH#ETDHZ LT, 7 N 105ag 5% L7 (Scheme 72),

Me
M
€ cl
Me Me
0 H
H,N Me §
Et;N Me \@\
_ >
! CH,Cly, 2 h o |

106 105ag: 96%

Scheme 72. Preparation of iodoarene 105ag.
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W2lH vrurubte KTV la— K7 Lb— 2 oRE 0w
(ZBH3 % hET

AR LT3 — R7 L — 105af, 105ag & il 3 — K7 L — . 105ab-ae, 105ah-ak, 105at

EHWT, Nov7a7aLrr7 e RIVrovrsaraXro C-C fEAYINE Heck
FOSIZED 1- T AFN-5-T ) — L5 — VDA AZHF L7 (Scheme 73), 105ab, 105ac
DEICTNAXINVEEGT DT V=2 A0S E BAFHICKIGA T L, BT Y —/ 1 18ab
(60%), 18ac (56%) W fFH iz, A/ MLIZAFNIEE DI — K7 L—12 105ac 2373 T L
WCAFNIEE DI — KT L—VOIREFZERRETHDL Z 0D, ARIGTIEI— R
T U— DNRBEENSMIEZE LW 2 ERRB I N, £z, 99— FX2E 2 105at
51E 16at 28 57%DINKRTESNTZ, 7 ==L ERBEFLGEO A PRI, 24U A b
VHAEFRT LT L— 105ad, 105ae 725 HRISEIT L, S 51 MOM K Tlrig s iz 7
= /=L 105af I 51X 63% DR TE 7 Y — v 18af WG OLNT-, 7TI REFTHT7 L—r
105ag 0. ENVHR Y U EFTLH7 L— 2 105ah D HITRIFE T L2 DD E T Y —/1 18ag
(38%),18ah (37%) NEbNTZ, /2. V7 2=V A2 FT 57 L— 1 105ai, BRI FED 7
VERTATINEGTDHT L—1 105aj, 105ak b H TE 720, = hekaef957 L—
> 105al BT E T Y — S L o T,
BT 4-9— R ML 105aa 27 U — /bl LTHY, v ZarmeEle RV 0
A IVRFE LOBEBBIICONTHRF L, BHERIZAA XV T7z2= LKA b D8 BT
V2 14ad 75 IE 49%DIEETE T Y — /L 18ba MG HALZA, RIC4-= RF T LR =/L
Tz VEERETAHAE KTV 14db 51X E T Y — L 18ca DILERMETF L7z, £72. R
T T7FNEERETHE RT7Y 0 14da O B RICHEITL, BRIOEZ Y —/L 18da 7%
33%DNETH LI,
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_NH
N +

AN

CO,Et

14ac, 14ad, 14da, 14db

lodoarene (R = Ph)

105aa-al, 105at 0
(2.0eq.)

Herrmann cat. (10 mol%)

n-BuygNI (20 mol%)
Cs,CO3 (2.0 eq.), PhCN, 80 °C

then

S

et L

N//_\>\.
N
PN

CO,Et
18ab-ak, 16at
18ba, 18ca, 18da

S™K* (40 mol%), 150 °C

; J 7 ]
N. ) ) N, \ N. )
N Non N N
)\ )\ )\ )\ OMe
CO,Et CO,Et CO,Et Ph”” CO,Et
18ab: 60% 18ac: 56% 2 16at: 57%, 49% ©) 18ad: 44% )
i i ]
N N\ N N\ /D\@\ 0 N/\I\)\@\
)\ )\ OMOM )\ N)K’< Py N
CO,Et CO,Et coEt H  uM® Ph COoLE O
18ae: 40% 2 18af: 63% 18ag: 38% 18ah: 37%
i f f i
N \ N N N
)N\ \ F \ CO,E \ NO
oEt 2
Ph” >CO,Et O Ph)\C02Et Ph)\C02Et Ph)\COZEt
18ai: 48% 18aj: 49% 18ak: 43% 18al: N.D.

Hydorazones (Ar = p-Tol)

N/ \ N/\ ) I\
N N N\N
Me Me Me
CO,Et CO,Et COzEt
MeO Et0,C

18da: 33%

18ba: 49% 18ca: 22%

a) n-BuyNOAc was used instead of n-BuyNI. b) 2.0 mmol scale

Scheme 73. Scope of iodoarenes and cyclopropylhydrazones.

WIZER L1287 Y —/L 16at DB HeREL L %2737 7= (Scheme 74), 3, 16at =7 1
0 A X BT, NBS TULEET D & 437 B b SN2 T Y —L 107 B 57%DILE

3BT, WIT 16at Z DMSO H1, HEfb Y F 7 L% VT 150 °CTALEET % & | Krapcho
HR BT L, BT Y —/1 108 28 58%DILHETH ALz, £z, ©T Y —/L 16at & THF

. I T LIAIH IZ X > T2 AT VOB TS EIT L, BT Y —/L 109 23 61% DI T
HEohi-.
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I
e

B LiCl Br
or y \

DMSO /A /_j/ {
108: 58% 150 °C N~ ~Ph NBS N >~Ph

CH,Cl, )\
/@\ LiAlH, Ph CO,Et reflux Ph CO,Et
N\N Ph 16at 107: 57%
)\ THF, rt
Ph CH,OH
109: 61%

Scheme 74. Transformations of 16at.

UEDXEIIZEZIZI N-v7ura e R0y r7araxr0 C-C #EE Ik,
Heck Sitn, BRAGEEMAVBOG OGS DBAFEIZ N L, 1-T AV F0-5-T U — L7V —)b
DA LTz, RBUSIE 1 DOfREN 2 SORJEY A 7 VRS E 54— F & T
LEIDRINTH D Z LR TH D, £/2, 1-7AFN-5-T U — L E T —LOERKRILZ
NETHA RTENRESNTODICHL2ND LT, 2305 O/ RRIE TIENLERIREC{E
FRPEICRERN H o T2, — . AT I-T X N-5-T ) — e 7y — e -4
e LTARKRT 2 Z LTI LT Y, AL EEIFECL R IR OB A A R LTz, S
Iz, ARG L 1-TAX LS5 T U — AT — LA EREEEWT A2 LN TX . AF
B A 287 Y — VFEROARICOAM TH D Z LR ENTe, £, F2E, 3ET
B LT Y —LHERIY a- BT =V VR VB EAE L TCRBY ., EWmiEEYE &
LCTHHATHL Z ERHIFFEND (Figure 1), Bl 21X, JAK HERSCERBER 27T a- 7
V= B ALEMIN I N E TICHRE SN TWS, &9 Fi- a-E T — LA IVR=VE
IZANVAR =V o il T RV EEZRALTEY A%, REAGREERT 2 Z &N TEIE,
BT X BHEIROBRBEI G TE S,

N
v ooNT R

R{Af_ox’l
R? \

a-pyrazole carbonyl Ph

Cl
Janus kinase inhibitor insecticide

Figure 1. Examples of bioactive molecules containing a-pyrazole carbonyl unit.
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b RV B v 7 a7 a0 oiEHAbICH < HE OL D ETT 5 2 & T, tF?f
VDERIFANEGERZAT ORIZIVIAEND X O B RIEDBRMTE 21T - 725 5.
TOXHTA Yy R—ARE T — LOEHARKEE L LT,

O 7V—=nrbe RIvrevrarya A7 vy — 1 I ufbkBERAEFRL LTI vk
tert-7 F )V &R EH B Z L T, Fischer f & R—/UbLEISIC XD Ay 7 a7 a e
AV RUV=UDBERT D, HiEWT I UKRRIZE DB ICRISDET L, 3-7F /LA
R—= VBT D 2R LTz, AT e RV Ry 7 a7 a v O e
T, AV R VBRIZRVAENDIETH D Z EDNFHETH D,

(0]
tBuI » o y R3
2, "
—_—
-NHz 4 — |R? Y —> R2 A\
MeCN, reflux N N
R! R

@ N-v7aTaELT Ve RTY VAl UCHR AT Oy L TRBY 5 2 8T v
707 DRIBREUGIC & 0 3657 OV BAERT B, K TRALBIELUEETT L,
BTV ARNERNRT S Z L A LTc, ARORIZEWT, T7ive Ry gy rn
B SR OBL I & LT OREIE T TR < E D% OBHERMLRIEO (R 3
HL, AMOE S Y —IIRYAEN TS, 202 LHbARISEF TR RIC L
RIEThd V25,

% 7\

N,NH Pd(OAc), (10 mol%) HN N‘N
°N

R1JI\,¢O t-AmylOH, reflux, air U\’//O RJ\?O

R1
R? R?

@ N-vZ7uZubt 7l KT % Herrmann M (E T, I — R7 L—r L RIGE
B Ev 7 uTuXvORBRMKIGICE Y BT VU N ERK L7211 Heck UG EIT L,
5-7 U —NHZT O UNAEKT D, W TERICEMALISHEIT S5 2 & T, 1-7 0%
WS-T V=BT ANERTHZ LR RN LT, ARSI 1 DO 2 SO
YA 7N ERERS L4 — N T AIOETH D Z EDRFEMTH D, o, 1-7
X N5-T V= VBT — VDAL I INE THRA R TFIERRE I N TWDITE
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DB, FIO DA RIE T EEIREAL R ICGREN b - 72, — 7, AWF3ET
X 1-TAFNS5-T ) — LT — L EHE—OF W E L TERTAHZ LICEKIILTE
D NLE SRRSO L s PR O R A& i LT

1. Ar-l _ 2. S

Ar.
V Herrmann cat. (10 mol%) | | Et\OJ\S’ K+
n-BugNI (20 mol%) (40 mol%) /
NH Cs,CO; | I ) “r—§L~
N Ny — Ny , WA
Ph” “CO,Et PhCN, 80 °C, Ar PhcN, 150°c L
2 Ph)J\COZEt Ph CO,Et Ph CO,Et

UbEZFELdD L, FHIZIE RV ORERMLEFIHTHZ LT, v orr7rasy
DBIBRITHE EFNICRI L, B RT Y UNREEBZAT RO —HIZIRY IAEN DB
EERRE L, =0 b RT VU 2N LG TIE NN FEA OB A £ 5 #it Ss A T4
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'"H NMR and *C NMR spectra were recorded on a Varian Mercury 300 MHz, 400 MHz JNM-
ECZ400S, a Varian VNS AS 500 MHz or a Bruker AVANCE III HD 600 MHz operating at 300

MHz/75 MHz, 400 MHz/100 MHz, 500 MHz/125 MHz, or 600 MHz/150 MHz for 'H and "C
acquisitions, respectively. Chemical shifts are reported in ppm with the solvent resonance or TMS as

the internal standard’F NMR spectra were recorded on a 376 MHz JNM-ECZ400S. Chemical shifts

are reported in ppm with CFCl; as the standard in machine setting. Multiplicities are indicated bys

= singlet, d = doublet, t = triplet, q = quartet, quint = quintet, sext = sextet, sept = septet, dd = doublet

of doublets, dt = doublet of triplets, dq = doublet of quartets, td = triplet of doublets, qd = quartet of
doublets, qt = quartet of triplets, qq = quartet of quartets, septd = septet of doublets, ddd = doublet of

doublet of doublets, ddt = doublet of doublet of triplets, m = multiplet, br = broad). Infrared (IR)

spectra were recorded on a Perkin-Elmer SpectrumOne A spectrometer. High-resolution mass spectra
(HRMS) were obtained by ESI method on Thermo Fisher Scientific Exactive Instrument. Melting
points (uncorrected) were determined on BUCHI M-565 apparatus. Flash column chromatography
were performed using Silicycle silica gel (SiliaFfAgk60, 4063 pum) or performed on Yamazen
Automated Liquid Chromatography System Smart Flash EPEL-680S using ULTRAPACK SlI-

40B or Biotage Automated Liquid Chromatography System Isolera One using Santai Science Inc.
SepaFlash iLOKSL 10g or Dgflash cartridges. Preparative thin-layer chromatography (preparative
TLC) separations were carried out on 0.25 or 0.50 mm E. Merck silica gel plates460 F
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(Ethoxycarbonylmethyl)dimethylsulfonium bromide (27) [Scheme 13]. To a solution of methyl
2-bromoacetate (6.6 mL, 59.9 mmol) in acetone (10 mL) was added dimethyl sulfide (5.3 mL, 71.8
mmol). The mixture was stirred at room temperature overnight. Then the mixture was filtered with
Kiriyama funnel and dried under vaccum. (Ethoxycarbonylmethyl)dimethylsulfonium bromide (9.77
g) was obtained as a white solid without purification. The spectral data were identical with those

reported in the literature. ©”

Dimethylsulfonium ethoxycarbonylmethylide (28) [Scheme 13]. To a solution of
(Ethoxycarbonylmethyl)dimethylsulfonium bromide 27 (9.77 g, 42.7 mmol) in CHCl; (42.6 mL)
were added saturated K,COs; aq. (21 mL) and 12.5 M NaOH agq. (4.4 mL). The mixture was stirred
for 15 min, then stirred at room temperature for 1 h. The top of organic layer was decanted, dried over
K,CO:;, filtered and evaporated to afford dimethylsulfonium ethoxycarbonylmethylide (5.51 g) 28 as
yellow oil without purification. The spectral data were identical with those reported in the

literature. *®

2-Formylcyclopropane carboxylic acid ethyl ester (29) [Scheme 13]. To a solution of allyl alcohol
(1.62 g, 27.8 mmol) in dichloromethane (100 mL) were added powdered 4 A molecular sieves (28 g),
(ethoxycarbonylmethylene) dimethylsulfarane (6.19 g, 41.8 mmol) and manganese dioxide (24.2 g,
278 mmol). The mixture was heated at reflux for overnight, and then cooled to room temperature.
The crude mixture was then filtered through Celite® and the residue was washed with
dichloromethane to give a pale yellow solution. After removal of the solvent in vacuo, the residue
was purified by flash column chromatography (hexane/EtOAc =5 : 1) to give cyclopropyl aldehyde
29 (307 mg, 8%, trans/cis = 6 : 1) as a colorless oil. The spectral data were identical with those

reported in the literature. *

One pot reaction of reductive indolization from cyclopropyl aldehyde and arylhydrazine.

Ethyl 3-(5-methoxy-1H-indol-3-yl)propanoate (13aa) [Scheme 15]. To a solution of cyclopropyl
aldehyde 29 (25.4 mg, 0.178 mmol) in MeCN (5 mL) were added 4-methoxyphenylhydrazine
hydrochloride 9a (31.2 mg, 0.178 mmol) and #-Bul (63.7 pL, 0.534 mmol). The mixture was stirred
at reflux for 5 h. Then #-Bul (63.7 pL, 0.534 mmol) was added and stirred for 2 h. The resulting
mixture was cooled to room temperature, quenched with saturated aqueous Na,S,03 and extracted
with CHCI; three times. The combined organic layers were dried over MgSQs, filtered and
concentrated. The crude product was purified by preparative TLC (toluene : EtOAc =19 : 1) to afford
the indole 13aa (15.2 mg, 32%) as a brown solid; '"H NMR (400 MHz, CDCls) § 7.84 (s, 1H), 7.25
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(d, J=11.2 Hz, 1H), 7.01 (d, J = 16.0 Hz, 2H), 6.86 (dd, J = 8.8, 2.8 Hz, 1H), 4.14 (q, J= 7.2 Hz,
2H), 3.87 (s, 3H), 3.07 (t, J= 7.8 Hz, 2H), 2.70 (t, J= 7.8 Hz, 2H), 1.25 (t, J= 7.6 Hz, 3H); °*C NMR
(100 MHz, CDCls) § 173.4, 154.0, 131.4, 127.6, 122.1, 114.8, 112.3, 111.8, 100.5, 60.4, 55.9, 34.8,
20.6, 14.2; HRMS (ESI) m/z caled for C14H;s05N [M+H]"248.1281, found 248.1283.

Table S1. Synthesis of cyclopropyl acetals.

A alcohol, p-TsOH A

OHC "'CO,Et R “'CO,Et
benzene, reflux
29 10
entry alcohol R cyclopropyl acetal time yield
MeO ;
1 MeOH \r{“ 10a 9h 2%
(6.0 eq.) OMe
NP
0,
) HO™ " 0K U 10b 4h 41%
(1.5 eq.) 0
Me Me
o0 u
OH Me o,
, , O)S( e \o( 10¢c 4h 42%
Me Me Me
(1.7 eq.) Me

0% 0% . o
4 . 10d + 10d 1h 47%
oo (I

Ethyl (18,25)-2-(dimethoxymethyl)cyclopropane-1-carboxylate (10a) [Table S1, entry 1]. To a
solution of cyclopropyl aldehyde 29 (1.61 g, 11.3 mmol) in benzene (20 mL) were added methanol
(1.01 g, 33.9 mmol) and p-toluenesulfonic acid (133 mg, 0.700 mmol). The mixture was heated at
reflux with Dean-Stark trap for 2 h. Then methanol (1.01 g, 33.9 mmol) was added to the mixture,
stirred at reflux for 8 h and then cooled to room temperature. The resulting mixture was diluted with
ether and washed with saturated aqueous NaHCO3 and brine. The organic layer was dried over MgSOs,
filtered and concentrated. The residue was purified by silica gel column chromatography
(hexane/EtOAc =7 : 3) to afford cyclopropyl acetal 10a (40.6 mg, 2%) as a yellow oil. The spectral

data were identical with those reported in the literature.

Ethyl (1S,25)-2-(1,3-dioxan-2-yl)cyclopropane-1-carboxylate (10b) [Table S1, entry 2] To a
solution of aldehyde 29 (3.00 g, 21.0 mmol) in benzene (20 mL) were added 1,3-propanediol (2.17
mL, 30.0 mmol) and p-toluenesulfonic acid (238 mg, 1.25 mmol). The mixture was heated at reflux
with Dean-Stark trap for 3 h and then cooled to room temperature. The resulting mixture was diluted
with ether and washed with saturated aqueous NaHCO3. and brine. The organic layer was dried over

MgSQyu, filtered and concentrated. The residue was purified by silica gel column chromatography
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(hexane/EtOAc = 3 : 1) to afford cyclopropyl acetal 10b (1.71 g, 41%) as a colorless oil; 'H NMR
(400 MHz, CDCl3) 6 4.47 (d, J = 4.0 Hz, 1H), 4.21-4.05 (m, 4H), 3.86-3.63 (m, 2H), 2.14-1.98 (m,
1H), 1.81-1.66 (m, 2H), 1.39-1.29 (m, 1H), 1.25 (t, /= 7.6 Hz, 3H), 1.17-1.10 (m, 1H), 1.10-0.98 (m,
1H); *C NMR (100 MHz, CDCl3) § 173.6, 100.3, 66.9, 60.5, 25.6, 24.8, 16.3, 14.2, 10.6; HRMS
(ESI) m/z calcd for CoH1704 [M+H]"201.1121, found 201.1123.

Ethyl (15,25)-2-(4,4,5,5-tetramethyl-1,3-dioxolan-2-yl)cyclopropane-1-carboxylate (10c) [Table
S1, entry 3] To a solution of aldehyde 29 (3.00 g, 21.0 mmol) in benzene (20 mL) were added pinacol
(3.54 g, 30.0 mmol) and p-toluenesulfonic acid (238 mg, 1.25 mmol). The mixture was heated at
reflux with Dean-Stark trap for overnight and then cooled to room temperature. The resulting mixture
was diluted with ether and washed with saturated aqueous NaHCO3 and brine. The organic layer was
dried over MgSQOs, filtered and concentrated. The residue was purified by silica gel column
chromatography (hexane/EtOAc =5 : 1) to afford mixture of cyclopropyl acetals 10¢ (2.15 g, 42%)
as a colorless oil; "H NMR (400 MHz, CDCl;) § 4.58 (d, J = 6.0 Hz, 1H), 4.18-4.05 (m, 2H), 1.73-
1.65 (m, 2H), 1.27-1.19 (m, 16H), 1.0-0.91 (m, 1H) ; *C NMR (100 MHz, CDCl;) & 173.4, 101.8,
82.2,82.1,60.6,25.6,24.1,23.9,21.9,17.0, 14.2, 11.1; HRMS (ESI) m/z caled for Ci3H2304 [M+H]"
243.1591, found 243.1592.

[Table S1, entry 4] To a solution of aldehyde 29 (5.39 g, 37.9 mmol) in benzene (50 mL) were added
ethyleneglycol (5.72 g, 92.2 mmol) and p-toluenesulfonic acid (730 mg, 3.84 mmol). The mixture
was heated at reflux with Dean-Stark trap for 1.5 h and then cooled to room temperature. The resulting
mixture was diluted with ether and washed with saturated aqueous NaHCO3 and brine. The organic
layer was dried over MgSOQsy, filtered and concentrated. The residue was purified by silica gel column
chromatography (hexane/acetone = 5 : 1) to afford mixture of cyclopropyl acetals 10d and 10d’ (3.35
g, 47%).

Ethyl (18,25)-2-(1,3-dioxolan-2-yl)cyclopropane-1-carboxylate (10d)

Physical state: colorless oil; "H NMR (400 MHz, CDCl3) & 4.73 (d, J = 4.6 Hz, 1H), 4.19-4.06 (m,
2H), 4.03-3.92 (m, 2H), 3.92-3.80 (m, 2H), 1.81-1.70 (m, 2H), 1.26 (t,J= 7.2 Hz, 3H), 1.23-1.15 (i,
1H), 1.07-0.95 (m, 1H); *C NMR (100 MHz, CDCl3) § 173.4, 103.8, 65.1, 65.1, 60.7, 23.8, 16.5,
14.2, 10.8; HRMS (ESI) m/z caled for CoH 504 [M+H]" 187.0965, found 187.0963.

Ethyl (1R,25)-2-(1,3-dioxolan-2-yl)cyclopropane-1-carboxylate (10d’)

Physical state: colorless oil; "H NMR (400 MHz, CDCls) & 4.86 (d, J = 7.8 Hz, 1H), 4.17 (dd, J =
14.4,5.6 Hz, 2H), 4.07-3.95 (m, 2H), 3.92-3.79 (m, 2H), 1.94-1.82 (m, 1H), 1.53-1.39 (m, 1H), 1.34-
1.24 (m, 4H), 1.21-1.13 (m, 1H); *C NMR (100 MHz, CDCl;) § 172.1, 103.6, 65.1, 65.0, 60.8, 22.9,
17.1, 14.2, 10.8; HRMS (ESI) m/z caled for CoH;sO4 [M+H]" 187.0965, found 187.0965.
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[Table 1, entry 1]. To a solution of cyclopropyl acetal 10a (27.1 mg, 0.14 mmol) in MeCN (5.0 mL)
were added 4-methoxyphenylhydrazine hydrochloride 9a (25.2 mg, 0.14 mmol) and #-Bul (100 pL,
0.84 mmol) at room temparature. Then, the mixture was stirred at reflux for 0.5 h. Then the mixture
was cooled to room temperature, quenched with saturated aqueous Na,S,0; and extracted with CHCl3
three times. The combined organic layers were dried over MgSOs, filtered and concentrated. The
crude product was purified by preparative TLC (toluene/EtOAc = 19 : 1) to afford the indole 13aa
(8.1 mg, 23%).

[Table 1, entry 2]. To a solution of cyclopropyl acetal 10b (31.6 mg, 0.16 mmol) in MeCN (5.0 mL)
were added 4-methoxyphenylhydrazine hydrochloride 9a (27.6 mg, 0.16 mmol) and #-Bul (113 uL,
0.95 mmol) at room temperature. Then the mixture was stirred at reflux for 0.5 h. Then the mixture
was cooled to room temperature, quenched with saturated aqueous Na,S,0; and extracted with CHCl3
three times. The combined organic layers were dried over MgSOQs, filtered and concentrated. The
crude product was purified by preparative TLC (toluene/EtOAc = 19 : 1) to afford the indole 13aa
(7.7 mg, 20%).

[Table 1, entry 3]. To a solution of cyclopropyl acetal 10¢ (33.5 mg, 0.138 mmol) in MeCN (5.0 mL)
were added 4-methoxyphenylhydrazine hydrochloride 9a (24.1 mg, 0.138 mmol) and #-Bul (98.7 pL,
0.828 mmol) at room temperature. Then the mixture was stirred at reflux for 1 h. Then the mixture
was cooled to room temperature, quenched with saturated aqueous Na,S,03 and extracted with CHCI3
three times. The combined organic layers were dried over MgSOs, filtered and concentrated. The
crude product was purified by preparative TLC (toluene/EtOAc = 19 : 1) to afford the 4-
methoxyaniline (7.0 mg, 37%) and cyclopropyl acetal 10¢ (18.7 mg, 56%).

[Table 1, entry 4]. To a solution of cyclopropyl acetal 10d (30.3 mg, 0.16 mmol) in MeCN (5.0 mL)
were added 4-methoxyphenylhydrazine hydrochloride 9a (28.4 mg, 0.16 mmol) and #Bul (114 pL,
0.96 mmol) at room temperature. Then the mixture was stirred at reflux for 30 min. Then the mixture
was cooled to room temperature, quenched with saturated aqueous Na,S,0O3 and extracted with CHCl3
three times. The combined organic layers were dried over MgSOs, filtered and concentrated. The
crude product was purified by preparative TLC (toluene/EtOAc = 19 : 1) to afford the indole 13aa
(21.4 mg, 54%).

[Table 1, entry 6]. To a solution of cyclopropyl acetal 10d (37.0 mg, 0.20 mmol) in MeCN (12 mL)
were added 4-methoxyphenylhydrazine hydrochloride 9a (34.9 mg, 0.20 mmol), Nal (180 mg, 1.20
mmol) and TMSCI (151 pL, 1.20 mmol) at room temperature. Then the mixture was stirred at reflux

for 1.5 h. Then the mixture was cooled to room temperature, quenched with saturated aqueous
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Na»S,0; and extracted with CHCI; three times. The combined organic layers were dried over MgSOs,
filtered and concentrated. The crude product was purified by preparative TLC (hexane/EtOAc =7 :
3) to afford the indole 13aa (10.0 mg, 20%).

[Table 1, entry 7]. To a solution of cyclopropyl acetal 10d (27.7 mg, 0.15 mmol) in EtOH (5.0 mL)
were added 4-methoxyphenylhydrazine hydrochloride 9a (25.8 mg, 0.15 mmol) and #-Bul (106 pL,
0.89 mmol) at room temperature. Then the mixture was stirred at reflux for 1 h. Then #-Bul (53 uL,
0.45 mmol) was added to the mixture and stirred for 2 h. Then the mixture was cooled to room
temperature, quenched with saturated aqueous Na;S;03 and extracted with CHCI; three times. The
combined organic layers were dried over MgSOQsy, filtered and concentrated at room temperature. The
crude product was purified by preparative TLC (toluene/EtOAc = 19 : 1) to afford the indole 13aa
(5.6 mg, 15%).

[Table 1, entry 11]. To a solution of cyclopropyl acetal 10d (36.9 mg, 0.20 mmol) in MeCN (12 mL)
were added 4-methoxyphenylhydrazine hydrochloride 9a (69.1 mg, 0.40 mmol) and #-Bul (142 pL,
1.19 mmol) at room temperature. After being stirred for 15 min, -Bul (61 pL, 0.59 mmol) was added
to the reaction mixture. The mixture was stirred at reflux for additional 45 min. Then the mixture was
cooled to room temperature, quenched with saturated aqueous Na,S,0; and extracted with CHCI3
three times. The combined organic layers were dried over MgSOQy, filtered and concentrated at room
temperature. The crude product was purified by flash column chromatography (hexane/EtOAc =7 :
3) to afford the indole 13aa (43.3 mg, 89%).

[Table 1, entry 12]. To a solution of 4-methoxyphenylhydrazine hydrochloride 9a (114 mg, 0.65
mmol) and #Bul (233 pL, 1.96 mmol) in MeCN (14 mL) was added cyclopropyl acetal 10d’ (60.7
mg, 0.33 mmol) in MeCN (2.0 mL) at reflux. After being stirred for 15 min, #-Bul (117 pL, 0.98
mmol) was added to the reaction mixture. The mixture was stirred at reflux for additional 50 min.
Then the mixture was cooled to room temperature, quenched with saturated aqueous Na,S,0O3 and
extracted with CHCl; three times. The combined organic layers were dried over MgSOQs, filtered and
concentrated at room temperature. The crude product was purified by flash column chromatography
(hexane/EtOAc =7 : 3) to afford the indole 13aa (66.7 mg, 83%).
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Ethyl 3-iodo-2-(5-methoxy-1H-indol-3-yl)propanoate (31a) and Ethyl a-iodo-5-methoxy-1H-
indole-3-propanoate (12a) [Scheme 18, eq 1] To a solution of cyclopropylacetal 10d (142 mg, 0.76
mmol) in MeCN (20 mL) were added 4-methoxyphenylhydrazine hydrochloride (133 mg, 0.76 mmol)
and #-Bul (420 mg, 2.28 mmol). The mixture was stirred at reflux for 5 min followed by cooled to
room temperature and quenched with saturated aqueous Na,S,0s3 and saturated aqueous NaHCOs.
The mixture was extracted with CHCl; three times. The organic layers were dried over MgSQOs,
filtered and concentrated. The residue was purified by preparative thin-layer chromatography
(toluene/EtOAc =19 : 1) to afford the mixture of iodinated indoles 31a and 12a (151 mg, 53%, 31a:
12a=15:1) as a yellow oil.

Ethyl 3-iodo-2-(5-methoxy-1H-indol-3-yl)propanoate (31a)

'H NMR (600 MHz, CDCls) & 8.06 (s, br, 1H), 7.26 (d, J = 8.8 Hz, 1H), 7.16 (d, J = 2.6 Hz, 1H),
7.10 (d, J=2.2 Hz, 1H), 6.87 (dd, J = 8.8, 2.6 Hz, 1H), 4.28-4.22 (m, 2H), 4.20-4.13 (m, 1H), 3.87
(s, 3H), 3.77 (t, J = 10.1 Hz, 1H), 3.45-3.43 (m, 1H), 1.26 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz,
CDCl) 6 172.3, 154.6, 131.3, 126.2, 123.0, 113.3, 113.2, 112.3, 100.7, 61.5, 56.1, 47.0, 14.5, 5.0;
HRMS (ESI) m/z caled for C14H705NI [M+H]"374.0250, found 374.0248.

Ethyl 2-iodo-3-(5-methoxy-1H-indol-3-yl)propanoate (12a)

'H NMR (600 MHz, CDCl5) § 7.91-8.01 (s, br, 1H), 7.24 (d, J= 8.8 Hz, 1H), 7.05 (d, /= 2.6 Hz, 1H),
7.01 (d, J=2.2 Hz, 1H), 6.86 (dd, J = 8.6, 2.0 Hz, 1H), 4.57 (dd, /= 9.9, 5.9 Hz, 1H), 4.22-4.09 (m,
2H), 3.88 (s, 3H), 3.62 (dd, J=15.0, 9.9 Hz, 1H), 3.40 (dd, J=15.0, 5.9 Hz, 1H), 1.20 (t, /= 7.2 Hz,
3H); *C NMR (150 MHz, CDCl3) § 171.5, 154.3, 131.1, 127.2, 123.8, 113.3, 112.5, 112.0, 100.4,
61.8, 56.0, 32.6, 20.6, 13.7, HRMS (ESI) m/z calcd for Ci4sH;;OsNI [M+H]" 374.0250, found
374.0248.

Ethyl 3-(5-methoxy-1H-indol-3-yl)propanoate (13aa) [Scheme 18, eq 2] To a solution of mixture
of iodinated indoles 31a and 12a (4.7 mg, 0.0130 mmol) in MeCN (5.0 mL) was added #-Bul (46.8
mg, 0.0570 mmol). The mixture was stirred at reflux for 30 min followed by cooled to room
temperature and quenched with saturated aqueous Na,S,03 and saturated aqueous NaHCO;. The
mixture was extracted with CHCI; three times. The organic layers were dried over MgSQs, filtered
and concentrated. The residue was purified by preparative thin-layer chromatography (toluene/EtOAc

=19 : 1) to afford indole 13aa (1.1 mg, 35%)
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Ethyl (1R,2R)-5'-methoxyspiro[cyclopropane-1,3'-indole]-2-carboxylate (11a’) and Ethyl
(1R,25)-5'-methoxyspiro[cyclopropane-1,3'-indole]-2-carboxylate (11a”) [Scheme 20, eq 2]. To
a solution of mixture of iodinated indoles 31a and 12a (59.6 mg, 0.160 mmol) in MeCN (5.0 mL)
was added Ag,COs (46.8 mg, 0.170 mmol). The mixture was stirred in the absence of light at room
temperature for 3 h. Then the resulting mixture was concentrated in vacuo and diluted with toluene.
The mixture was filtered through Celite® followed by washed with toluene. After removal of the
solvent in vacuo, the residue was purified by flash column chromatography (hexane/EtOAc =7 : 3)
to afford spiroindolenines 11a’ (7.4 mg, 19%) and 11a” (18.8 mg, 48%).

Ethyl (1R,2R)-5'-methoxyspiro[cyclopropane-1,3'-indole]-2-carboxylate (11a’). Physical state:
brown solid; m.p.: 79 °C (decomposed); 'H NMR (400 MHz, CDCl;) § 7.61-7.58 (m, 2H), 7.06 (d, J
=2.8 Hz, 1H), 6.91 (dd, /=8.0,2.0 Hz, 1H), 4.27-4.01 (m, 2H), 3.82 (s, 3H), 3.01 (t, /= 8.0 Hz, 1H),
2.34-2.31 (m, 1H), 2.25-2.21 (m, 1H), 1.19 (t, J= 6.8 Hz, 3H); *C NMR (100 MHz, CDCl3) § 169.9,
168.3, 158.2, 150.4, 136.2, 121.7, 113.5, 107.7, 61.5, 55.7, 42.4, 28.0, 17.5, 14.1; HRMS (ESI) m/z
caled for C14H ;603N [M+H]"246.1125, found 246.1125.

Ethyl (1R,25)-5'-methoxyspiro[cyclopropane-1,3'-indole]-2-carboxylate (11a’’). Physical state:
colorless oil; '"H NMR (400 MHz, CDCls) & 8.17 (s, 1H), 7.63 (d, J = 8.2 Hz, 1H), 6.91 (dd, J = 8.4,
2.0 Hz, 1H), 6.54 (d, /= 2.8 Hz, 1H), 4.31-4.16 (m, 2H), 3.82 (s, 3H), 2.82-2.78 (m, 1H), 2.64-2.61
(m, 1H), 2.00-1.97 (m, 1H), 1.28 (t, J = 6.8 Hz, 3H); >*C NMR (100 MHz, CDCl;) § 170.3, 168.2,
158.5,149.4,139.2,122.0, 112.8, 104.2, 61.6, 55.8, 42.5, 30.6, 20.2, 14.1; HRMS (ESI) m/z calcd for
C14H1603N [M+H]" 246.1125, found 246.1124

Ethyl 3-(5-methoxy-1H-indol-3-yl)propanoate (13aa) [Scheme 20, eq 3]. To a solution of mixture
of indolenines 11a’ and 11a” (13.1 mg, 0.053 mmol) in MeCN (2.0 mL) was added #-Bul (29.5 mg,
0.16 mmol). The mixture was stirred at reflux. The reaction mixture was stirred at reflux for 30 min
followed by cooled to room temperature and quenched with saturated aqueous Na,S,03 and saturated
aqueous NaHCOs. The mixture was extracted with CHCl; three times. The organic layers were dried
over MgSQ,, filtered and concentrated. The residue was purified by preparative thin-layer

chromatography (toluene/EtOAc = 19 : 1) to afford indole 13aa (4.7 mg, 36%).

Methyl 2-iodo-3-phenylpropanoate (33) [Scheme 21, eq 1]. To a stirred solution of cinnamaldehyde
32 (131 mg, 0.990 mmol) in THF (5.0 mL) at 0 °C were added trimethylsilyl cyanide (188 puL, 1.49
mmol) and DBU (30.0 pL, 0.198 mmol). After stirring for 20 min at 0 °C, was added iodide (380 mg,
2.97 mmol) to the reaction mixture. After stirring for 10 min, was added methanol (410 pL, 9.90
mmol) to the reaction mixture and stirred for 20 min at 0 °C. Then the reaction mixture was quenched

with saturated aqueous NaHCO; and diluted with EtOAc. The organic phase was collected and the
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aqueous phase was extracted with EtOAc two times. The combined organic extract was washed with
brine and dried over Na,SOs, filtered and concentrated. lodoester 33 (211 mg, 74%) was obtained
after purification with flash column chromatography (hexane/EtOAc = 7 : 3). The spectral data were

identical with those reported in the literature. '

Methyl 3-phenylpropanoate (34) [Scheme 21, eq 2]. To a solution of iodoester 33 (63.6 mg, 0.22
mmol) in MeCN (10 mL) was added #Bul (121 mg, 0.66 mmol). The mixture was stirred at reflux
for 10 min. Then #-Bul (121 mg, 0.66 mmol) was added to the solution. The reaction mixture was
stirred at reflux for additional 30 min followed by cooled to room temperature and quenched with
saturated aqueous NaS;03 and saturated aqueous NaHCOs. The mixture was extracted with CHCI3
three times. The organic layers were dried over MgSQs, filtered and concentrated. The residue was
purified by flash column chromatography (hexane/EtOAc = 7 : 3) to afford methyl 3-
phenylpropanoate 34 (22.4 mg, 62%). The spectral data were identical with those reported in the

literature. 7"
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4-Phenoxyphenylhydrazine hydrochloride (9c) [Table 2. Entry 1]. To a solution of 4-
phenoxyaniline 35¢ (741 mg, 4.00 mmol) in EtOH (14 mL) was added NaNO> (290 mg, 42.0 mmol)
solution in H,O (3.0 mL) at 0 °C. Then conc. HCI (14 mL) was dropwised for 10 min and stirred at
0 °C for 1 h. The resulting mixture was added SnCl,-H,O in conc. HCl (4 mL) and stirred for
additional 30 min. Then precipitates were filtered, and washed with H,O. Then 1M NaOH aq. was
added to precipitates. The mixture was extracted with EtOAc three times. The organic layers were
dried over Na,SOy, filtered and concentrated. Then the oil was dissolved in HCI in dioxane and the
precipitates were filtered, washed with Et,O. 4-Phenoxyphenylhydrazine hydrochloride 9¢ (439 mg,
46%) was obtained as a brown solid after and dried in desiccator in vacuo. The spectral data were

identical with those reported in the literature. '

3,4-Methylenedioxyphenylhydrazine hydrochloride (9u) [Table 2. Entry 2]. To a solution of 3,4-
methylenedioxyaniline 35u (686 mg, 5.00 mmol) in H,O (3.0 mL) were added NaNO, (414 mg, 6.00
mmol) solution in H>O (2.0 mL) and conc. HCI (5.2 mL) at 0 °C. Then the mixture was stirred at 0 °C
for 1 h. The resulting mixture was added SnCl,-H»O in conc. HCI (6.4 mL) and stirred for additional
30 min. Then precipitates were filtered and washed with H»,O. 3,4-Methylenedioxyphenylhydrazine
hydrochloride 9u (118 mg, 13%) was obtained as a brown solid after and dried in desiccator in vacuo.

The spectral data were identical with those reported in the literature. 7>

3-Fluoro-4-methoxyphenylhydrazine hydrochloride (9q) [Table 2. Entry 3]. To a solution of 3-
fluoro-4-methoxyaniline 35q (565 mg, 4.00 mmol) in EtOH (14 mL) was added NaNO; (290 mg,
42.0 mmol) solution in H,O (3.0 mL) at 0 °C. Then conc. HCI (14 mL) was dropwised for 10 min
and stirred at O °C for 1 h. The resulting mixture was added SnCl,-H>O in conc. HCI (4.0 mL) and
stirred for additional 30 min. Then precipitates were filtered and washed with H,O. Then 1 M NaOH
aq. was added to precipitates. The mixture was extracted with EtOAc three times. The organic layers
were dried over Na,;SQy, filtered and concentrated. Then the oil was dissolved in HCI in dioxane and
the precipitates were filtered, washed with Et,0O. 3-Fluoro-4-methoxyphenylhydrazine hydrochloride
9q (493 mg, 64%) was obtained as a purple solid after drying in desiccator in vacuo. The spectral data

were identical with those reported in the literature. ’*

1,2,3,4-Tetrahydro-1-nitrosoquinoline (37) [Scheme 23]. To a solution of 1,2,34-
tetrahydroquinoline 36 (628 pL, 5.00 mmol) in H>O (3.0 mL) were added NaNO, (414 mg, 6.0 mmol)
solution in H>O (2.0 mL) and conc. HCI (5.2 mL) at 0 °C. The mixture was stirred at 0 °C for 1 h.

Then the resulting mixture was diluted with water and extracted with toluene three times. The
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combined organic layer was washed with water, dried over Na;SO4 and concentrated. 1,2,3,4-
Tetrahydro-1-nitrosoquinoline 37 was obtained as a crude mixture. The spectral data were identical

with those reported in the literature. ’

3,4-Dihydroquinonyl (2H)-amine hydrochloride (9t) [Scheme 23]. To a solution of 1,2,3,4-
tetrahydro-1-nitrosoquinoline (8§10 mg, 5.00 mmol) in THF (5.00 mL) was added LiAlH4 (380 mg,
10.0 mmol) at 0 °C. The mixture was stirred at rt for 30 min. Then the resulting mixture was quenched
with water at 0 °C and filtered through Celite® and the residue was washed with water, dried over
Na,SO4 and concentrated to afford 3,4-dihydroquinonyl (2H)-amine. To a solution of 3,4-
dihydroquinonyl (2H)-amine (433 mg, 2.90 mmol) in CH,Cl, was added HCIl (4M in dioxane, 3.60
mL) and stirred at rt for 1 h. The precipitates were filtered and washed with Et,O. The residue was
dried in desiccator in vacuo to obtain 3,4-dihydroquinonyl (2H)-amine hydrochloride 9t (491 mg,
53%, 3 steps from 36) as a white solid; Mp: 179 °C (decomp.); "H-NMR (400 MHz, DMSO-d) &
10.57 (s, 2H), 7.19-7.07 (m, 3H), 6.91 (t,J= 6.8 Hz, 1H), 2.73 (t, J= 6.4 Hz, 2H), 2.01-1.98 (m, 2H);
BC-NMR (100 MHz, DMSO-dy) § 144.1, 129.5, 126.7, 125.7, 122.1, 115.1, 50.6, 25.8, 21.0; HRMS
(ESI) m/z caled for CoH 3N, [M+H]7149.1073, found 149.1074.

4-Methoxy-/V-nitroso-/V-methylaniline (39) [Scheme 24]. To a solution of 4-methoxy-N-
methylaniline 38 (1.95 g, 14.2 mmol) in MeCN/H>O = 1 : 2 solution (42.6 mL) were added NaNO,
(1.96 g, 68.3 mmol) solution in H,O (14.2 mL) and conc. HCI (5.70 mL) at 0 °C. The mixture was
stirred at 0 °C for 15 min. Then the resulting mixture was diluted with EtOAc and extracted with
EtOAc three times. The combined organic layer was dried over MgSOQy, filtered and concentrated. 4-
methoxy-N-nitroso-N-methylaniline 39 (1.83 g, 79%) was obtained after purification with flash
column chromatography (hexane/EtOAc =7 : 3). The spectral data were identical with those reported

in the literature. 7>

1-(4-Methoxyphenyl)-1-methylhydrazine hydrochloride (9v) [Scheme 24]. To a solution of 4-
methoxy-N-nitroso-N-methylaniline 39 (1.83 g, 11.0 mmol) in MeOH/H,O =1 : 1 solution (50 mL)
were added NH4ClI (707 mg, 13.2 mmol) and Zn (1.44 g, 22.0 mmol). The mixture was stirred at
45 °C for 5 h. Then the resulting mixture was diluted with CHCI; and extracted with CHCI; three
times. The combined organic layer was dried over MgSOj4 and concentrated. 1-(4-methoxypheny)-1-
methylhydrazine was obtained after purification with flash column chromatography (hexane/EtOAc
=3 : 1). Then 1-(4-methoxypheny)-1-methylhydrazine was dissolved in HCI (4 M in dioxane) and
the precipitates were filtered and washed with EtO. 1-(4-Methoxypheny)-1-methylhydrazine
hydrochloride 9v (603 mg, 29%) was obtained as a white solid after drying in desiccator in vacuo;
'H-NMR (400 MHz, DMSO-ds) & 10.29 (s, 2H), 7.23 (d, J = 8.4 Hz, 2H), 6.95 (d, J = 8.8 Hz, 2H),
3.72 (s, 3H), 3.03 (s, 3H); *C-NMR (100 MHz, DMSO-ds) § 156.4, 141.7, 120.4, 114.4, 55.4, 43.9;
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HRMS (ESI) m/z caled for CsH 30N, [M+H]153.1022, found 153.1023.

1,1-Dimethylethyl 1-[4-(acetylamino)phenyl]hydrazinecarboxylate (41) [Scheme 25] To a
solution of N-(4-iodophenyl)acetamide 40 (1.50 g, 5.75 mmol) in DMSO (6 mL) were added fert-
butyl carbazate (900 mg, 6.90 mmol), Cul (55.0 mg, 0.290 mmol) and Cs,COs (2.80 g, 8.65 mmol).
After being stirred at 50 °C for 22 h, the reaction mixture was diluted with H,O and extracted with
EtOAc three times. The combined organic layer was dried over MgSOQ., filtered and concentrated.
Hydrazine 41 (740 mg, 49%) was obtained after purification with flash column chromatography
(hexane/EtOAc = 7 : 3). The spectral data were identical with those reported in the literature. **

N-(4-Hydrazinylphenyl)acetamide hydrochloride (9¢) [Scheme 25] To a solution of 1,1-
dimethylethyl 1-[4-(acetylamino)phenyl]hydrazinecarboxylate 41 (740 mg, 2.74 mmol) in CH>Cl,
(14 mL) was added HCI (4 M in dioxane, 12 mL) at 0 °C. After being stirred at room temperature for
15 h, the resulting pale brown solid was filtered and washed with Et;O to give N-(4-
hydrazinylphenyl)acetamide hydrochloride 9e (690 mg, quant.). The spectral data were identical with

those reported in the literature. 2

((1S,25)-2-(1,3-Dioxolan-2-yl)cyclopropyl)methanol (42) [Scheme 26] To a solution of
cyclopropyl acetal 10d (214 mg, 1.15 mmol) in THF (6.2 mL) was added LiAlH4 (87.0 mg, 2.30
mmol) slowly and stirred at room temperature for 1 h. Then the mixture was cooled to 0 °C and
quenched with 1 M HCI aq. and extracted with EtOAc three times. The combined organic layers were
washed with brine, dried over NaySO,, filtered and concentrated to afford crude
cyclopropanemethanol 42; "H-NMR (400 MHz, CDCl3) 6 4.51 (d, J= 6.4 Hz, 1H), 4.04-3.95 (m, 2H),
3.90-3.81 (m, 2H), 3.56 (dd, J=11.2, 6.8 Hz, 1H), 3.45 (dd, J=11.2, 7.6 Hz, 1H), 1.28-1.18 (m, 1H),
1.05-1.01 (m, 1H), 0.72-0.70 (m, 1H), 0.58-0.55 (m, 1H); *C-NMR (100 MHz, CDCl3) § 106.1, 65.8,
64.9,19.2, 17.5, 6.3; HRMS (ESI) m/z calcd for C;H1203Na [M+Na]" 167.0679, found 167.0680.

(1S,25)-2-(1,3-Dioxolan-2-yl)cyclopropane-1-carbaldehyde (43) [Scheme 26] To a solution of
Dess-Martin periodinane (537 mg, 1.27 mmol) in CH»Cl, (6.0 mL) was added crude cyclopropyl
methanol 42. The mixture was stirred at room temperature for 30 min. Then saturated aqueous
NaHCOs; and saturated aqueous Na,S>O3 were added to the mixture and extracted with CH,Cl, three
times. The combined organic layers were washed with saturated aqueous NaHCO3, dried over MgSOa,
filtered and concentrated to afford cyclopropanecarboxaldehyde 43 as a colorless oil without

purification. The spectral data were identical with those reported in the literature. ’®

Ethyl (E)-3-((1R,25)-2-(1,3-dioxolan-2-yl)cyclopropyl)acrylate (10e) [Scheme 26] To a solution
of ethyl(triphenylphosphoranylidene)acetate (998 mg, 2.87 mmol) in toluene (11 mL) was added
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crude cyclopropanecarboxaldehyde 43 (81.5 mg, 0.573 mmmol). The mixture was stirred at 100 °C
overnight. Then the mixture was cooled to room temperature and washed with water and brine. The
combined organic layers were dried over Na SOs, filtered and concentrated. The crude product was
purified by flash column chromatography (hexane/EtOAc =7 : 3) to afford cyclopropyl a,B-saturated
ester 10e (59.6 mg, 23%, 3 steps from 10d) as a colorless oil; "H NMR (400 MHz, CDCls) § 6.46 (dd,
J=152,9.6 Hz, 1H), 5.90 (d, /= 15.2 Hz, 1H), 4.68 (d, /= 4.8 Hz, 1H), 4.17 (q, J= 7.2 Hz, 2H),
4.05-3.93 (m, 2H), 3.92-3.82 (m, 2H), 1.75-1.65 (m, 1H), 1.43-1.35 (m, 1H), 1.27 (t,J= 7.2 Hz, 3H),
1.12-1.04 (m, 1H), 0.94-0.85 (m, 1H); *C NMR (100 MHz, CDCls) § 166.5, 151.0, 119.4, 104.7,
65.1, 60.1, 24.3, 17.9, 14.3, 11.2; HRMS (ESI) m/z calcd for C1H;704 [M+H]" 213.1121, found
213.1120

Ethyl 2-formyl-3-methylcyclopropane-1-carboxylate (45) [Scheme 27] To a solution of (£)-but-
2-en-1-ol (472 mg, 6.55 mmol) in CH>Cl, (65 mL) were added powdered 4A molecular sieves (5.00
g), (ethoxycarbonylmethylene)dimethylsulfarane 44 (1.33 g, 13.1 mmol) and manganese dioxide
(5.67 g, 65.5 mmol). The mixture was heated at reflux for 4 h, and then cooled to room temperature.
The crude mixture was then filtered through Celite® and the residue was washed with CH,Cl,. After
removal of the solvent in vacuo, the residue was purified by flash column chromatography
(hexane/EtOAc = 7 : 3) to afford crude cyclopropyl aldehyde 45. The spectral data were identical

with those reported in the literature. "

Ethyl 2-(1,3-dioxolan-2-yl)-3-methylcyclopropane-1-carboxylate (10f) [Scheme 27] To a solution
of cyclopropyl aldehyde 45 in benzene (5.0 mL) were added ethylene glycol (52.5 mg, 0.845 mmol)
and p-toluenesulfonic acid (6.60 mg, 0.0347 mmol). The mixture was heated at reflux with Dean-
Stark trap overnight and then cooled to room temperature. The resulting mixture was diluted with
ether, washed with saturated aqueous NaHCOj and brine. The organic layer was dried over MgSOQs,
filtered and concentrated. The residue was purified by flash column chromatography (hexane/EtOAc
=7 :3) to afford cyclopropyl acetal 10f (52.7 mg, 4%, from 44) as a diastereomeric mixture (dr = ca.
50 : 35 : 15, 52.7 mg). The cyclopropyl acetal 10f was colorless oil; 'H NMR (400 MHz, CDCl;) &
4.89 (d, J=8.0 Hz, 0.15H), 4.71 (d, J = 4.8 Hz, 0.50H), 4.68 (d, J= 7.2 Hz, 0.35H), 4.22-4.07 (m,
2H), 4.06-3.93 (m, 2H), 3.92-3.78 (m, 2H), 1.80 (dd, J=9.2, 4.8 Hz, 0.50H), 1.75-1.53 (m, 1.5H),
1.49-1.38 (m, 0.5H), 1.35-1.20 (m, 6H), 1.17 (d, J = 6.0 Hz, 0.5H); *C NMR (100 MHz, CDCl;) &
173.1,172.0,171.5,104.0, 103.4, 103.3, 65.0, 64.9, 64.9, 60.7, 60.6, 60.4, 31.2, 29.7,28.7,25.1, 25.0,
22.0, 19.8, 19.8, 18.6, 17.1, 14.2, 14.2, 12.4, 11.3; One carbon peak of diastereomers could not be
detected probably due to overlapping; HRMS (ESI) m/z caled for CioHi704 [M+H]"201.1121, found
201.1123.

2-(1,3-Dioxolan-2-yl)cyclopropane-1-carboxylic acid (46) [Scheme 28] To a solution of
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cyclopropyl acetal 10d (303 mg, 1.63 mmol) in H,O-THF (1:3, 6.07 mL) was added LiOH (54.6 mg,
2.28 mmol).The mixture was stirred at room temperature overnight and then cooled to 0 °C, diluted
with CHCIl3, and quenched with 1 M HCI. The mixture was extracted with CHCIl; three times. The
organic layers were dried over MgSQy, filtered, and concentrated to afford cyclopropane carboxylic
acid 46 without purification.; "H-NMR (400 MHz, CDCl;) § 4.78 (d, J = 4.4 Hz, 1H), 4.01-3.93 (m,
2H), 3.91-3.83 (m, 2H), 1.85-1.80 (m, 1H), 1.76-1.72 (m, 1H), 1.28-1.23 (m, 1H), 1.13-1.08 (m, 1H);
BC-NMR (100 MHz, CDCl3) § 179.3, 103.3, 65.1, 65.1, 24.7, 16.2, 11.5; HRMS (ESI) m/z calcd for
C7H;104 [M+H]" 159.0652, found 159.0654.

(1S,28)-2-(1,3-Dioxolan-2-yl)-V,N-diethylcyclopropane-1-carboxamide (10g) [Scheme 28] To a
solution of crude cyclopropane carboxylic acid 46 (80.5 mg, 0.509 mmol) and EDC-HCI (117 mg,
0.611 mmol) in CHxCl; (2.0 mL) were added diethylamine (64 uL, 0.611 mmol) and DMAP (12.4
mg, 0.102 mmol). The mixture was stirred at room temperature for 3 h. Then the mixture was
quenched with 10% citric acid and extracted with CHCl; three times. The organic layers were washed
with brine, dried over Na;SOs, filtered and concentrated. The residue was purified by flash column
chromatography (hexane/EtOAc = 1 : 2) to afford cyclopropyl amide 10g (63.5 mg, 18%, 2 steps
from 10d) as a colorless oil; '"H NMR (400 MHz, CDCls) & 4.75 (d, J = 5.0 Hz, 1H), 4.04-3.92 (m,
2H), 3.92-3.81 (m, 2H), 3.58-3.32 (m, 4H), 1.87-1.78 (m, 1H), 1.75-1.66 (m, 1H), 1.25 (t, /J=7.6 Hz,
3H), 1.27-1.22 (m, 1H), 1.11 (t, J = 7.6 Hz, 3H), 0.97-0.87 (m, 1H); *C NMR (100 MHz, CDCl;) &
170.9, 104.5, 65.0, 65.0,42.1, 40.9, 23.1, 15.1, 14.7, 13.2, 9.9; HRMS (ESI) m/z calcd for C11H2003N
[M+H]"214.1437, found 214.1438.

(2-(1,3-Dioxolan-2-yl)cyclopropyl)-(piperidine-1-yl)methanone (10h) [Scheme 28] To a solution
of crude cyclopropane carboxylic acid 46 (73.8 mg, 0.467 mmol) and EDC-HCI (108 mg, 0.564
mmol) in CH>Cl (2.0 mL) were added piperidine (56 pL, 0.564 mmol) and DMAP (11.4 mg, 0.0930
mmol). The mixture was stirred at room temperature overnight. Then the mixture was quenched with
10% citric acid and extracted with CHCl; three times. The organic layers were washed with brine,
dried over Na,SO., filtered and concentrated. The residue was purified by flash column
chromatography (hexane/EtOAc =7 : 3) to afford cyclopropyl amide 10h (37.7 mg, 6%, 2 steps from
10d) as a colorless oil; '"H NMR (400 MHz, CDCl3) 8 4.77 (d, J = 4.4 Hz, 0.1H), 4.75 (d, J = 4.4 Hz,
0.9H), 4.06-3.92 (m, 2H), 3.92-3.79 (m, 2H), 3.71-3.47 (m, 4H), 1.93-1.84 (m, 1H), 1.84-1.47 (m,
7H), 1.33-1.19 (m, 1H), 1.12-1.04 (m, 0.1H), 0.96-0.86 (m, 0.9H); *C NMR (100 MHz, CDCl;, trans
isomer) 6 170.1, 104.6, 65.2, 65.1, 46.8, 43.4, 26.6, 25.6, 24.8,22.8, 15.2, 9.6; HRMS (ESI) m/z calcd
for C12H2003N [M+H]" 226.1438, found 226.1438.

S-Benzyl (1S8,25)-2-(1,3-dioxolan-2-yl)cyclopropane-1-carbothioate (10i) [Scheme 28] To a
solution of cyclopropane carboxylic acid 46 (71.0 mg, 0.448 mmol) in THF (2.0 mL) was added 1,1°-
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carbonylimidazole (87.3 mg, 0.539 mmol). The mixture was stirred at reflux for 1 h. After cooling to
room temperature, was added benzyl mercaptan (55.6 mg, 0.448 mmol). The mixture was stirred at
reflux for 15 h. Then the mixture was diluted with water and extracted with CH,Cl, three times. The
mixture was stirred at room temperature overnight. Then the mixture was quenched with 10% citric
acid and extracted with CHCIl; three times. The organic layers were washed with brine, dried over
NaySOy, filtered and concentrated. The residue was purified by flash column chromatography
(hexane/EtOAc =7 : 3) to afford cyclopropyl thioester 10i (71.2 mg, 10%, 2 steps from 10d) as a pale
orange oil; '"H NMR (400 MHz, CDCls) § 7.35-7.20 (m, 5H), 4.79 (d, J = 4.0 Hz, 1H), 4.13 (dd, J =
20.8, 14.0 Hz, 2H), 4.00-3.90 (m, 2H), 3.89-3.80 (m, 2H), 2.17-2.09 (m, 1H), 1.99-1.88 (m, 1H),
1.41-1.32 (m, 1H), 1.17-1.08 (m, 1H); *C NMR (100 MHz, CDCl3) § 197.1, 137.4, 128.8, 128.6,
127.2,103.1, 65.1, 33.3, 26.0, 25.5, 12.9; HRMS (ESI) m/z caled for C14H;705S [M+H]" 265.0893,
found 265.0893.

(2-(Methoxy(methyl)amino)-2-oxoethyl)dimethylsulfonium chloride (48) [Scheme 29] To 2-
chloro-N-methoxy-N-methylethanamide 47 (2.56 g, 18.8mmol) was added dimethyl sulfide (6.90 mL,
94 mmol). The mixture was heated at 50 °C overnight. The excess dimethyl sulfide was decanted and
the remaining clear gel was rinsed with EtOAc to afford sulfonium chloride 48 as a colorless oil

without purification. The spectral data were identical with those reported in the literature. ’®

(2-(Methoxy(methyl)amino)-2-oxoethyl)dimethylsulfonium inner salt (49) [Scheme 29] To a
crude mixture of Weinreb amide sulfur ylide chloride salt 48 was added CHCI; (6.0 mL). After the
starting materials had dissolved, the solution was cooled in ice-bath. To the solution were added
saturated aqueous K>COs3 (3.0 mL) and aqueous NaOH (12.5 M, 0.4 mL). The ice bath was removed,
and the mixture was stirred 20 min. The solution was filtered through Celite® and eluted with CH,Cl,.
The filtrate was dried with K,COs, filtered and concentrated under vacuum to yield ylide 49 as a crude

mixture.

2-Formyl-V-methoxy-NV-methylcyclopropanecarboxamide (50) [Scheme 29] To a crude mixture
of ylide 49 (1.56 g) were added toluene (10 mL) and acrolein (747 pL, 11.2 mmol). The solution was
heated at 60 °C for 90 min and concentrated in vacuo to afford crude cyclopropyl aldehyde 50. This
crude was used next reaction without purification. The spectral data of cyclopropyl aldehyde 50 were

identical with those reported in the literature. ™

rel-(1R,2R)-2-(1,3-Dioxolan-2-yl)-N-methoxy-/N-methylcyclopropanecarboxamide 10j)
[Scheme 29] To the crude mixture of cyclopropyl aldehyde 50 were added benzene (10 mL), ethylene
glycol (474 pL, 8.40 mmol) and p-toluenesulfonic acid (68.4 mg, 0.360 mmol). The mixture was

heated at reflux with Dean-Stark trap overnight. The resulting mixture was cooled to room

81



temperature, diluted with ether and washed with saturated aqueous NaHCOs3 and brine. The organic
layer was dried over MgSQys, filtered and concentrated. The residue was purified by flash column
chromatography (hexane/EtOAc = 1 : 1) to afford cyclopropyl acetal 10j (201 mg, 5%, 4 steps from
2-chloro-N-methoxy-N-methylethanamide) as a colorless oil; "H NMR (400 MHz, CDCls) & 4.75 (d,
J=4.6 Hz, 1H), 4.04-3.93 (m, 2H), 3.93-3.82 (m, 2H), 3.77 (s, 3H), 3.21 (s, 3H), 2.28 (s, br, 1H),
1.78-1.69 (m, 1H), 1.30-1.21 (m, 1H), 1.04-0.96 (m, 1H); *C NMR (100 MHz, CDCl3) § 172.9, 104.4,
65.1,65.0,61.6,32.5,23.6, 13.6, 10.2; HRMS (ESI) m/z calcd for CoH604N [M+H]"202.1074, found
202.1075.

Ethyl 3-(5-benzyloxy-1H-indol-3-yl)propanoate (13ba) [Scheme 30] To a solution of 4-
benzyloxyphenylhydrazine hydrochloride 9b (162 mg, 0.646 mmol) and #-Bul (231 pL, 1.94 mmol)
in MeCN (14 mL) was added cyclopropyl acetal 10d (60.1 mg, 0.323 mmol) in MeCN (2.0 mL) at
reflux. After being stirred at reflux for 25 min, #-Bul (116 pL, 0.97 mmol) was added to the reaction
mixture. The mixture was stirred at reflux for additional 15 min. Then the mixture was cooled to room
temperature, quenched with saturated aqueous Na;S;03 and extracted with CHCI; three times. The
combined organic layers were dried over MgSOQy, filtered and concentrated. The crude product was
purified by flash column chromatography (hexane/EtOAc = 7 : 3) to afford indole 13ba (55.9 mg,
54%) as a black oil; '"H NMR (400 MHz, CDCls) § 7.92 (s, br, 1H), 7.48 (d, J = 6.9 Hz, 2H), 7.42-
7.35 (m, 2H), 7.35-7.28 (m, 1H), 7.22 (d, J=8.7 Hz, 1H), 7.13 (d, J=2.3 Hz, 1H), 6.95 (d, /= 1.8
Hz, 1H), 6.92 (dd, /J=8.7,2.3 Hz, 1H), 5.10 (s, 2H), 4.13 (q, /= 7.2 Hz, 2H), 3.05 (t, /= 7.8 Hz, 2H),
2.68 (t,J=17.6 Hz, 2H), 1.24 (t,J= 7.2 Hz, 3H); >*C NMR (100 MHz, CDCl3) § 173.5, 153.1, 137.6,
131.6, 128.5, 127.8, 127.6, 127.5, 122.2, 114.7, 112.8, 111.8, 102.2, 71.0, 60.3, 34.8, 20.6, 14.2;
HRMS (ESI) m/z caled for C20H»03N [M+H]"324.1594, found 324.1597.

Ethyl 3-(5-phenoxy-1H-indol-3-yl)propanoate (13ca) [Scheme 30] To a solution of cyclopropyl
acetal 10d (34.9 mg, 0.188 mmol) in MeCN (10 mL) were added 4-phenoxyphenylhydrazine
hydrochloride 9¢ (88.8 mg, 0.375 mmol) and #-Bul (134 pL, 1.13 mmol) at room temperature. The
mixture was stirred at reflux. After being stirred at reflux for 17 min, #-Bul (67 pL, 0.565 mmol) was
added to the reaction mixture. The mixture was stirred at reflux for additional 30 min. Then the
mixture was cooled to room temperature, quenched with saturated aqueous Na,S,03 and extracted
with CHCI; three times. The combined organic layers were dried over MgSQs, filtered and
concentrated. The crude product was purified by flash column chromatography (hexane/EtOAc =7 :
3) to afford indole 13ca (34.4 mg, 59%) as a colorless oil; "H NMR (400 MHz, CDCls) & 8.01 (s, br,
1H), 7.33-7.24 (m, 4H), 7.06-6.92 (m, 5H), 4.12 (q, J = 6.8 Hz, 2H), 3.03 (t, J= 7.6 Hz, 2H), 2.67 (t,
J=1.6 Hz, 2H), 1.22 (t, J = 6.8 Hz, 3H); *C NMR (100 MHz, CDCl;) § 173.3, 159.4, 149.5, 133.2,
129.5,127.9,122.7,121.8,117.1, 115.9, 115.2, 112.0, 109.6, 60.4, 34.8, 20.5, 14.2; HRMS (ESI) m/z
calcd for C1oH20O3N [M+H]"310.1438, found 310.1436.
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Ethyl 3-(5-methylthio-1H-indol-3-yl)propanoate (13da) [Scheme 30] To a solution of cyclopropyl
acetal 10d (33.3 mg, 0.179 mmol) in MeCN (10 mL) were added 4-(methylthio)phenylhydrazine
hydrochloride 9d (68.1 mg, 0.357 mmol) and #Bul (128 pL, 1.07 mmol) at room temperature. The
mixture was stirred at reflux. After being stirred at reflux for 15 min, #~Bul (64 uL, 0.537 mmol) was
added to the reaction mixture. The mixture was stirred at reflux for additional 35 min. Then the
mixture was cooled to room temperature, quenched with saturated aqueous Na,S,0; and extracted
with CHCI; three times. The combined organic layers were dried over MgSQs, filtered and
concentrated. The crude product was purified by flash column chromatography (hexane/EtOAc =7 :
3) to afford indole 13da (32.3 mg, 69%) as a colorless oil; 'H NMR (400 MHz, CDCl;) § 8.00 (s, br,
1H), 7.61 (s, 1H), 7.29 (d, J = 8.2 Hz, 1H), 7.23 (dd, J = 8.8, 2.0 Hz, 1H), 7.01 (d, /= 2.0 Hz, 1H),
4.14 (q, J= 7.2 Hz, 2H), 3.08 (t, /= 7.2 Hz, 2H), 2.70 (t, J= 7.2 Hz, 2H), 2.53 (s, 3H), 1.24 (t, J =
7.2 Hz, 3H); *C NMR (100 MHz, CDCls) § 173.3, 135.0, 128.0, 127.4, 124.2, 122.2, 119.8, 114.8,
111.7, 60.4, 34.9, 20.5, 19.0, 14.2; HRMS (ESI) m/z caled for C14H;s0,NS [M+H]"264.1053, found
264.1052.

Ethyl 3-(5-acetylamino-1H-indol-3-yl)propanoate (13ea) [Scheme 30] To a solution of N-(4-
hydrazinylphenyl)acetamide hydrochloride 9¢ (114 mg, 0.568 mmol) and #-Bul (203 pL, 1.70 mmol)
in MeCN (14 mL) was added cyclopropyl acetal 10d (52.9 mg, 0.284 mmol) in MeCN (1.7 mL) at
reflux. After being stirred for 15 min, #-Bul (102 pL, 0.852 mmol) was added to the reaction mixture.
The mixture was stirred at reflux for additional 45 min. Then the mixture was cooled to room
temperature, quenched with saturated aqueous Na,S,03 and extracted with CHCl; three times. The
combined organic layers were dried over MgSQa, filtered and concentrated. The crude product was
purified by flash column chromatography (CHCI3/CH3CN = 3 : 1) to afford indole 13ea (48.0 mg,
62%) as a gray oil; "H NMR (400 MHz, CDCl;) § 8.32 (s, br, 1H), 7.69 (s, 1H), 7.63 (s, br, 1H), 7.17
(s, 2H), 6.93 (s, 1H), 4.11 (q, J= 7.6 Hz, 2H), 3.02 (t, J = 8.0 Hz, 2H), 2.65 (t, J = 8.0 Hz, 2H), 2.15
(s, 3H), 1.22 (t, J = 7.6 Hz, 3H); *C NMR (100 MHz, CDCl;) § 173.5, 168.8, 133.8, 129.8, 127.2,
122.5,116.8,114.8, 111.3, 111.2, 60.4, 34.8, 24.2, 20.5, 14.2; HRMS (ESI) m/z calcd for CisH190O3N>
[M+H]"275.1390, found 275.1392.

Ethyl 3-(5-(tert-butyl)-1H-indol-3-yl)propanoate (13fa) [Scheme 30] To a solution of cyclopropyl
acetal 10d (40.2 mg, 0.216 mmol) in MeCN (14 mL) were added 4-(fert-butyl)phenylhydrazine
hydrochloride 9f (86.6 mg, 0.431 mmol) and #-Bul (155 pL, 1.30 mmol) at room temperature. The
mixture was stirred at reflux. After being stirred at reflux for 12 min, #-Bul (78.0 pL, 0.648 mmol)
was added to the reaction mixture. The mixture was stirred at reflux for additional 48 min. Then the

mixture was cooled to room temperature, quenched with saturated aqueous Na,S,0O3 and extracted
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with CHCIl; three times. The combined organic layers were dried over MgSQs, filtered and
concentrated. The crude product was purified by flash column chromatography (hexane/EtOAc =7 :
3) to afford indole 13fa (29.4 mg, 50%) as a white solid; Mp: 67 °C (decomposed); '"H NMR (400
MHz, CDCl3) & 7.88 (s, 1H), 7.57 (s, 1H), 7.28 (d, J= 1.4 Hz, 2H), 6.96 (d, J= 2.0 Hz, 1H), 4.15 (q,
J =172 Hz, 2H), 3.10 (t, /= 7.8 Hz, 2H), 2.72 (t, J= 7.8 Hz, 2H), 1.40 (s, 9H), 1.25 (t, J=7.2 Hz
3H); *C NMR (100 MHz, CDCl;) § 173.5, 142.2, 134.4, 126.9, 121.4, 120.4, 115.1, 114.3, 110.6,
60.3, 34.9, 34.6, 32.0, 20.5, 14.2; HRMS (ESI) m/z calcd for Ci7H240.N [M+H]" 274.1802, found
274.1780.

Ethyl 3-(5-(isopropyl)-1H-indol-3-yl)propanoate (13ga) [Scheme 30] To a solution of cyclopropyl
acetal 10d (43.8 mg, 0.235 mmol) in MeCN (16 mL) were added 4-(iso-propyl)phenylhydrazine
hydrochloride 9g (87.7 mg, 0.470 mmol) and #-Bul (168 pL, 1.41 mmol) at room temperature. The
mixture was stirred at reflux. After being stirred at reflux for 20 min, #-Bul (84.0 pL, 0.705 mmol)
was added to the reaction mixture. The mixture was stirred at reflux for additional 45 min. Then the
mixture was cooled to room temperature, quenched with saturated aqueous Na,S,;0; and extracted
with CHCI; three times. The combined organic layers were dried over MgSQs, filtered and
concentrated. The crude product was purified by flash column chromatography (hexane/EtOAc =7:3)
to afford indole 13ga (28.2 mg, 46%) as a yellow oil; 'H NMR (400 MHz, CDCls) § 7.87 (s, 1H),
7.42 (s, 1H), 7.29-7.24 (m, 1H), 7.09 (dd, /= 8.6, 1.6 Hz, 1H), 6.97 (d, /= 2.4 Hz, 1H), 4.14 (q, J =
7.2 Hz, 2H), 3.09 (t, /= 6.8 Hz, 2H), 3.06-2.97 (m, 1H), 2.71 (t, /= 7.6 Hz, 2H), 1.31 (d, /= 7.2 Hz,
6H), 1.25 (t,J=7.2 Hz, 3H); >*C NMR (100 MHz, CDCl3) § 173.5, 140.1, 134.8, 127.2, 121.5, 121.2,
115.6,114.8,110.9, 60.3, 35.0, 34.3, 24.7, 20.6, 14.2; HRMS (ESI) m/z calcd for CisH2,0oN [M+H]"
260.1645, found 260.1644.

Ethyl 3-(5-ethyl-1H-indol-3-yl)propanoate (13ha) [Scheme 30] To a solution of cyclopropyl acetal
10d (55.2 mg, 0.296 mmol) in MeCN (16 mL) were added 4-ethylphenylhydrazine hydrochloride 9h
(102 mg, 0.592 mmol) and #Bul (212 pL, 1.78 mmol) at room temperature. The mixture was stirred
at reflux. After being stirred at reflux for 15 min, #~Bul (106 pL, 0.890 mmol) was added to the
reaction mixture. The mixture was stirred at reflux for additional 45 min. Then the mixture was cooled
to room temperature, quenched with saturated aqueous Na,S>0; and extracted with CHCl; three times.
The combined organic layers were dried over MgSQys, filtered and concentrated. The crude product
was purified by flash column chromatography (hexane/EtOAc = 7 : 3) to afford indole 13ha (40.8
mg, 56%) as a colorless oil; 'H NMR (400 MHz, CDCls) & 7.86 (s, 1H), 7.40 (s, 1H), 7.27 (d, J= 9.6
Hz, 2H), 7.05 (dd, J=8.8, 1.6 Hz, 1H), 6.98 (s, 1H), 4.14 (q, /= 7.2 Hz, 2H), 3.09 (t, /=7.8 Hz, 2H),
2.81-2.67 (m, 4H), 1.33-1.22 (m, 6H); *C NMR (100 MHz, CDCl3) § 173.5, 135.3, 134.7, 127.4,
122.6, 121.5, 117.2, 114.7, 110.9, 60.3, 35.0, 29.1, 20.6, 16.6, 14.2; HRMS (ESI) m/z calcd for
Ci5H200oN [M+H]"246.1489, found 246.1490.
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Ethyl 3-(5-methyl-1H-indol-3-yl)propanoate (13ia) [Scheme 30] To a solution of p-tolylhydrazine
hydrochloride 9i (92.9 mg, 0.585 mmol) and #-Bul (210 pL, 1.76 mmol) in MeCN (14 mL) was added
cyclopropyl acetal 10d (54.5 mg, 0.293 mmol) in MeCN (1.6 mL) at reflux. After being stirred at
reflux for 32 min, -Bul (105 pL, 0.879 mmol) was added to the reaction mixture. The mixture was
stirred at reflux for additional 28 min. Then the mixture was cooled to room temperature, quenched
with saturated aqueous Na,S>03 and extracted with CHCI; three times. The combined organic layers
were dried over MgSOQs, filtered and concentrated. The crude product was purified by flash column
chromatography (hexane/EtOAc = 7 : 3) to afford indole 13ia (28.3 mg, 42%) as a black oil; "H NMR
(400 MHz, CDCls) 6 7.87 (s, br, 1H), 7.38 (s, 1H), 7.23 (d, /= 8.2 Hz, 2H), 7.01 (dd, J=8.2, 1.8 Hz,
1H), 6.96 (d, J=2.4 Hz, 1H), 4.14 (q, J = 7.2 Hz, 2H), 3.07 (t, /= 8.0 Hz, 2H), 2.70 (t, /= 7.8 Hz,
2H), 2.46 (s, 3H), 1.24 (t,J = 7.2 Hz, 3H); >*C NMR (100 MHz CDCl;) § 173.5, 134.6, 128.5, 127.4,
123.6, 121.5, 118.4, 114.5, 110.7, 60.3, 35.0, 21.5, 20.6, 14.2; HRMS (ESI) m/z calcd for Ci1sHis0:N
[M+H]"232.1332, found 232.1332.

Ethyl 3-(1H-indol-3-yl)propanoate (13ja) [Scheme 30] To a solution of cyclopropyl acetal 10d
(30.0 mg, 0.161 mmol) in MeCN (10 mL) were added phenylhydrazine 9j (31.7 pL, 0.322 mmol)
and #-Bul (115 pL, 0.966 mmol) at room temperature. After being stirred at reflux for 7 min, #-Bul
(57.5 pL, 0.483 mmol) was added to the reaction mixture. The mixture was stirred at reflux for
additional 53 min. Then the mixture was cooled to room temperature, quenched with saturated
aqueous Na,S,0j3 and extracted with CHCI; three times. The combined organic layers were dried over
MgSQy, filtered and concentrated. The crude product was purified by flash column chromatography
(hexane/EtOAc = 7 : 3) to afford indole 13ja (11.4 mg, 33%) as a colorless oil; '"H NMR (400 MHz,
CDCl3) 8 7.97 (s, 1H), 7.61 (d, J= 8.0 Hz, 1H), 7.36 (d, /= 7.6 Hz, 1H), 7.23-7.09 (m, 2H), 7.02 (d,
J=2.0Hz, 1H), 4.14 (q, J= 7.2 Hz, 2H), 3.11 (t, /= 7.8 Hz, 2H), 2.71 (t, J= 7.8 Hz, 2H), 1.24 (t, J
= 7.2 Hz, 3H); >*C NMR (100 MHz, CDCl3) § 173.4, 136.2, 127.2,122.0, 121.4, 119.3, 118.7, 115.1,
111.1, 60.3, 35.0, 20.6, 14.2; HRMS (ESI) m/z calcd for Ci3HicO-N [M+H]" 218.1176, found
218.1175.

Ethyl 3-(5-fluoro-1H-indol-3-yl)propanoate (13ka) [Scheme 30] To a solution of 4-
fluorophenylhydrazine hydrochloride 9k (101 mg, 0.622 mmol) and #-Bul (222 pL, 1.87 mmol) in
MeCN (14 mL) was added cyclopropyl acetal 10d (57.9 mg, 0.311 mmol) in MeCN (2.0 mL) at reflux.
After being stirred at reflux for 32 min, #-Bul (111 pL, 0.933 mmol) was added to the reaction mixture.
The mixture was stirred at reflux for additional 28 min. Then the mixture was cooled to room
temperature, quenched with saturated aqueous Na,S,03 and extracted with CHCl; three times. The
combined organic layers were dried over MgSQs, filtered and concentrated. The crude product was

purified by flash column chromatography (hexane/EtOAc = 7 : 3) to afford indole 13ka (30.8 mg,
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42%) as a brown solid; Mp: 41-46 °C; '"H NMR (400 MHz, CDCls) § 8.03 (s, br, 1H), 7.28-7.20 (m,
2H), 7.03 (d, J = 2.0 Hz, 1H), 6.95-6.90 (m, 1H), 4.13 (q, J = 7.2 Hz, 2H), 3.04 (t, J = 7.6 Hz, 2H),
2.68 (t,J=17.6 Hz, 2H), 1.23 (t, J= 7.2 Hz, 3H); *C NMR (100 MHz, CDCl3) § 173.3, 157.7 (d, Jc.
F=234.1 Hz), 132.7, 127.5 (d, Je.c.cr = 9.6 Hz), 123.2, 115.1 (d, Je.c.c.cr = 4.8 Hz), 111.7 (d, Jec.
cr=9.6 Hz), 110.3 (d, Jc.c.r = 27.0 Hz), 103.6 (d, Je.c.r = 23.1 Hz), 60.4, 34.8, 20.5, 14.2; "’F NMR
(376 MHz, CDCl;) & -124.7; HRMS (ESI) m/z caled for Ci3HisONF [M+H]" 236.1081, found
236.1081.

Ethyl 3-(5-chloro-1H-indol-3-yl)propanoate (13la) [Scheme 30] To a solution of 4-
chlorophenylhydrazine hydrochloride 91 (117 mg, 0.654 mmol) and #Bul (234 pL, 1.96 mmol) in
MeCN (14 mL) was added cyclopropyl acetal 10d (60.9 mg, 0.327 mmol) in MeCN (2.0 mL) at reflux.
After being stirred at reflux for 12 min, +~Bul (117 pL, 0.981 mmol) was added to the reaction mixture.
The mixture was stirred at reflux for additional 45 min. Then the mixture was cooled to room
temperature, quenched with saturated aqueous NaS;03 and extracted with CHCI; three times. The
combined organic layers were dried over MgSQsa, filtered and concentrated. The crude product was
purified by flash column chromatography (hexane/EtOAc = 7 : 3) to afford indole 13la (24.7 mg,
30%) as a brown solid; Mp: 63-68 °C; '"H NMR (400 MHz, CDCl;) § 8.00 (s, 1H), 7.55 (d, J = 2.0
Hz, 1H), 7.25 (d, J= 4.4 Hz, 1H), 7.13 (dd, J = 8.4, 2.0 Hz, 1H), 7.03 (s, 1H), 4.12 (q, J = 6.8 Hz,
2H), 3.04 (t, J= 7.2 Hz, 2H), 2.67 (t, J = 7.2 Hz, 2H), 1.23 (t, J = 6.8 Hz, 3H); °C NMR (100 MHz,
CDCl3) 6 173.2, 134.6, 128.3, 125.1, 122.8, 122.3, 118.3, 114.9, 112.1, 60.4, 34.9, 20.4, 14.2; HRMS
(ESI) m/z caled for Ci3H;50.N*°Cl [M+H]" 252.0786, found 252.0787, Ci3H;50.N*'Cl [M+H]"
254.0756, found 254.0757.

Ethyl 3-(6-chloro-1H-indol-3-yl)propanoate (13na) and Ethyl 3-(4-chloro-1H-indol-3-
yl)propanoate (13na’), [Scheme 30] To a solution of cyclopropyl acetal 10d+10d’ (37.0 mg, 0.199
mmol) in MeCN (12 mL) were added 3-chlorophenylhydrazine hydrochloride 9n (71.2 mg, 0.398
mmol) and ¢#-Bul (142 pL, 1.19 mmol) at room temperature. The mixture was stirred at reflux. After
being stirred at reflux for 10 min, #Bul (71.0 pL, 0.595 mmol) was added to the reaction mixture.
The mixture was stirred at reflux for additional 50 min. Then the mixture was cooled to room
temperature, quenched with saturated aqueous Na,S,03 and extracted with CHCl; three times. The
combined organic layers were dried over MgSQa, filtered and concentrated. The crude product was
purified by flash column chromatography (hexane/EtOAc = 7 : 3) to afford indole 13na (7.7 mg,
15%) and indole 13na’ (5.4 mg, 11%)

Ethyl 3-(6-chloro-1H-indol-3-yl)propanoate (13na). Physical state: white solid; Mp: 82-85 °C; 'H
NMR (400 MHz, CDCls) 6 7.95 (s, br, 1H), 7.49 (d, /= 8.2 Hz, 1H), 7.33 (d, /= 1.8 Hz, 1H), 7.08
(dd, J=8.8, 1.8 Hz, 1H), 6.99 (d, J= 2.0 Hz, 1H), 4.12 (q, J= 7.2 Hz, 2H), 3.06 (t, /= 7.2 Hz, 2H),
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2.68 (t,J=17.2 Hz, 2H), 1.22 (t, J= 7.2 Hz, 3H); '°*C NMR (100 MHz, CDCl5) § 173.2, 136.5, 128.0,
125.8, 122.0, 120.1, 119.6, 115.3, 111.0, 60.4, 34.9, 20.5, 14.2; HRMS (ESI) m/z caled for
Ci3H1s0,N*Cl [M+H]" 252.0786, found 252.0785, CisHi;sONY'Cl [M+H]' 254.0756, found
254.0755.

Ethyl 3-(4-chloro-1H-indol-3-yl)propanoate (13na”). Physical state: white solid; Mp: 78-83 °C; 'H
NMR (400 MHz, CDCls) § 8.06 (s, br, 1H), 7.24 (dd, J=4.8, 3.6 Hz, 1H), 7.07-7.04 (m, 3H), 4.13 (q,
J=17.2Hz, 2H), 3.32 (t, J = 8.0 Hz, 2H), 2.75 (t, J = 8.0 Hz, 2H), 1.24 (t, J= 7.6 Hz, 3H); *C NMR
(100 MHz, CDCl3) § 173.4, 137.8, 126.3, 124.1, 123.2, 122.5, 120.4, 115.5, 109.8, 60.2, 36.3, 21.8,
14.2; HRMS (ESI) m/z caled for C13H;50,N*Cl [M+H]" 252.0786, found 252.0786, C13H;50.N>'Cl
[M+H]"254.0756, found 254.0755.

Ethyl 3-(7-methoxy-1H-indol-3-yl)propanoate (130a) and Ethyl 3-(1H-indol-3-yl)propanoate
(13ja) [Scheme 30] To a solution of 2-methoxyphenylhydrazine hydrochloride 90 (104 mg, 0.597
mmol) and #Bul (213 pL, 1.79 mmol) in MeCN (14 mL) was added cyclopropyl acetal 10d (55.6
mg, 0.298 mmol) in MeCN (2.0 mL) at reflux. After being stirred at reflux for 20 min, #-Bul (107 pL,
0.894 mmol) was added to the reaction mixture. After being stirred at reflux for 28 min, #-Bul (107
uL, 0.894 mmol) was added to the reaction mixture. The mixture was stirred at reflux for additional
10 min. Then the mixture was cooled to room temperature, quenched with saturated aqueous Na>S,03
and extracted with CHCI; three times. The combined organic layers were dried over MgSOy, filtered
and concentrated. The crude product was purified by flash column chromatography (hexane/EtOAc

=7 :3) to afford indole 130a (18.8 mg, 26%) and indole 13ja (10.6 mg, 16%).

Ethyl 3-(7-methoxy-1H-indol-3-yl)propanoate (130a). Physical state: Pale orange oil; 'H NMR
(400 MHz, CDCl3) 6 8.18 (s, br, 1H), 7.21 (d, J = 8.2 Hz, 1H), 7.03 (t, /= 8.0 Hz, 1H), 6.98 (d, J =
2.0 Hz, 1H), 6.64 (d, J= 8.0 Hz, 1H), 4.13 (q, J = 6.8 Hz, 2H), 3.94 (s, 3H), 3.08 (t, /= 7.6 Hz, 2H),
2.70 (t,J = 7.6 Hz, 2H), 1.24 (t, J= 7.2 Hz, 3H); *C NMR (100 MHz, CDCl;) § 173.4, 146.2, 128.5,
126.7, 121.0, 119.7, 115.4, 111.5, 101.9, 60.3, 55.3, 35.1, 20.8, 14.2; HRMS (ESI) m/z calcd for
C14H1505N [M+H]"248.1281, found 248.1280.

Ethyl 3-(7-methyl-1H-indol-3-yl)propanoate (13pa) [Scheme 30] To a solution of cyclopropyl
acetal 10d (41.1 mg, 0.221 mmol) in MeCN (16 mL) were added 2-methylphenylhydrazine
hydrochloride 9p (70.1 mg, 0.442 mmol) and #Bul (158 pL, 1.33 mmol) at room temperature. The
mixture was stirred at reflux. After being stirred at reflux for 12 min, #-Bul (79.0 pL, 0.663 mmol)
was added to the reaction mixture. The mixture was stirred at reflux for additional 50 min. Then the
mixture was cooled to room temperature, quenched with saturated aqueous Na,S,0O3 and extracted

with CHCI; three times. The combined organic layers were dried over MgSQs, filtered and
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concentrated. The crude product was purified by flash column chromatography (hexane/EtOAc =7 :
3) to afford indole 13pa (17.6 mg, 34%) as a white solid; Mp: 45 °C (decomposed); '"H NMR (400
MHz, CDCls) 6 7.90 (s, 1H), 7.46 (d, J= 7.8 Hz, 1H), 7.12-6.91 (m, 3H), 4.14 (q, J = 6.8 Hz, 2H),
3.10 (t,J=17.6 Hz, 2H), 2.71 (t, J = 7.8 Hz, 2H), 2.48 (s, 3H), 1.24 (t, J= 6.8 Hz, 3H); *C NMR (100
MHz, CDCls) 6 174.0, 136.4, 127.2, 123.1, 121.6, 120.8, 120.1, 117.0, 116.1, 60.9, 35.5, 21.3, 17.1,
14.8; HRMS (ESI) m/z calcd for C14H;sO.N [M+H]" 232.1332, found 232.1322.

Ethyl 3-(6-fluoro-5-methoxy-1H-indol-3-yl)propanoate (13qa) [Scheme 30] To a solution of
cyclopropyl acetal 10d+10d’ (31.5 mg, 0.169 mmol) in MeCN (10 mL) were added 3-fluoro-4-
methoxyphenylhydrazine hydrochloride 9q (65.1 mg, 0.338 mmol) and #Bul (121 pL, 1.01 mmol)
at room temperature. The mixture was stirred at reflux. After being stirred at reflux for 12 min, #-Bul
(61 pL, 0.505 mmol) was added to the reaction mixture. The mixture was stirred at reflux for
additional 50 min. Then the mixture was cooled to room temperature, quenched with saturated
aqueous Na,S,0s and extracted with CHCl; three times. The combined organic layers were dried over
MgSQy, filtered and concentrated. The crude product was purified by flash column chromatography
(hexane/EtOAc = 7 : 3) to afford indole 13qa (30.2 mg, 67%) as a white solid; Mp: 98-103 °C; 'H-
NMR (400 MHz, CDCl3) 6 7.91 (s, 1H), 7.09 (d, J=4.0 Hz, 1H), 7.07 (s, 1H), 6.96 (d, J = 1.8 Hz,
1H), 4.14 (q, /= 6.8 Hz, 2H), 3.94 (s, 3H), 3.05 (t, /= 7.8 Hz, 2H), 2.70 (t, /= 7.8 Hz, 2H), 1.24 (4,
J=6.8 Hz, 3H); *C NMR (100 MHz, CDCls) § 173.4, 150.8 (d, Jc.r = 239.9 Hz), 142.9, (d, Je.c.cr
=12.5 Hz), 129.5 (d, Je.c.c.r = 11.6 Hz), 122.7, 121.6 (d, Je.c.c.c.r = 3.9 Hz), 114.9, 102.0, 98.6 (d,
Jecr=23.1 Hz), 60.4, 56.9, 34.8, 20.5, 14.2; '"F NMR (376 MHz, CDCl;)  -140.1; HRMS (ESI)
m/z calced for C14H170;NF [M+H]" 266.1187, found 266.1186.

Ethyl 3-(1H-benzo|g]indol-3-yl)propanoate (13ra) [Scheme 30] To a solution of 1-
naphthylhydrazine hydrochloride 9r (123 mg, 0.630 mmol) and #-Bul (225 pL, 1.89 mmol) in MeCN
(14 mL) was added cyclopropyl acetal 10d (58.6 mg, 0.315 mmol) in MeCN (2.0 mL) at reflux. After
being stirred at reflux for 15 min, #-Bul (113 pL, 0.945 mmol) was added to the reaction mixture. The
mixture was stirred at reflux for additional 40 min. Then the mixture was cooled to room temperature,
quenched with saturated aqueous Na,S,03 and extracted with CHCl; three times. The combined
organic layers were dried over MgSQy, filtered and concentrated. The crude product was purified by
flash column chromatography (hexane/acetone= 25 : 1) to afford indole 13ra (47.2 mg, 56%) as a
white solid; Mp: 152-155 °C; "H NMR (400 MHz, CDCls) § 8.74 (s, br, 1H), 7.97-7.91 (m, 2H), 7.69
(d, J= 8.4 Hz, 1H), 7.57-7.46 (m, 2H), 7.46-7.37 (m, 1H), 7.05 (d, /=2.4 Hz, 1H), 4.14 (q, /= 7.6
Hz, 2H), 3.17 (t, J = 8.0 Hz, 2H), 2.74 (t, J = 8.0 Hz, 2H), 1.23 (t, J = 7.6 Hz, 3H); *C NMR (100
MHz, CDCl3) 6 173.4, 130.8, 130.4, 128.8, 125.4, 123.9, 122.9, 121.8, 120.2, 119.6, 119.4, 118.8,
116.8, 60.4, 35.3, 20.7, 14.2; HRMS (ESI) m/z caled for Ci7H;s0,N [M+H]" 268.1332, found
268.1333.
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Ethyl 3-(3H-benz|e]indole-3-yl)propanoate (13sa) [Scheme 30] To a solution of cyclopropyl acetal
10d (37.4 mg, 0.200 mmol) in MeCN (10 mL) were added 2-naphthylhydrazine hydrochloride 9s
(78.1 mg, 0.401 mmol) and #Bul (143 pL, 1.20 mmol) at room temperature. The mixture was stirred
at reflux. After being stirred at reflux for 15 min, #-Bul (72 pL, 0.600 mmol) was added to the reaction
mixture. The mixture was stirred at reflux for additional 45 min. Then the mixture was cooled to room
temperature, quenched with saturated aqueous Na;S;03 and extracted with CHCI; three times. The
combined organic layers were dried over MgSOQy, filtered and concentrated. The crude product was
purified by flash column chromatography (hexane/EtOAc = 7 : 3) to afford indole 13sa (19.0 mg,
36%) as a white solid; Mp: 91-96 °C; '"H NMR (400 MHz, CDCl;) § 8.39 (d, J = 8.2 Hz, 1H), 8.33
(s, 1H), 7.92 (d, J=7.6 Hz, 1H), 7.60-7.55 (m, 2H), 7.49 (d, J = 8.8 Hz, 1H), 7.44-7.40 (m, 1H), 7.07
(d, J=2.0 Hz, 1H), 4.18 (q, /= 7.2 Hz, 2H), 3.49 (t, J= 7.2 Hz, 2H), 2.85 (t, J = 7.2 Hz, 2H), 1.27
(t,J=7.2 Hz, 3H); C NMR (100 MHz, CDCl;) § 173.4, 133.3, 129.7, 129.1, 128.9, 125.9, 123.5,
123.1, 122.9, 119.9, 117.8, 112.9, 60.4, 34.6, 23.5, 14.2; One carbon peak could not be detected
probably due to overlapping; HRMS (ESI) m/z caled for Ci7H;s0:N [M+H]" 268.1332, found
268.1332.

Ethyl 3-(5,6-dihydro-4H-pyrrolo[3,2,1-ij]quinolin-1-yl)propanoate (13ta) [Scheme 30] To a
solution of cyclopropyl acetal 10d (44.3 mg, 0.238 mmol) in MeCN (14 mL) were added 3,4-
dihydroquinonyl (2H)-amine hydrochloride 9u (87.9 mg, 0.476 mmol) and #Bul (170 pL, 1.43
mmol) at room temperature. The mixture was stirred at reflux. After being stirred at reflux for 15 min,
t-Bul (85 uL, 0.715 mmol) was added to the reaction mixture. The mixture was stirred at reflux for
additional 45 min. Then the mixture was cooled to room temperature, quenched with saturated
aqueous Na,S,0j3 and extracted with CHCI; three times. The combined organic layers were dried over
MgSQy, filtered and concentrated. The crude product was purified by flash column chromatography
(hexane/EtOAc = 7 : 3) to afford indole 13ta (22.5 mg, 37%) as a yellow solid; Mp: 45-50 °C; 'H
NMR (400 MHz, CDCl3) 6 7.39 (d, J= 8.8 Hz, 1H), 7.00 (t, /= 7.2 Hz, 1H), 6.89 (d, /= 7.6 Hz, 1H),
6.88 (s, 1H), 4.19-4.06 (m, 4H), 3.08 (t, /= 7.8 Hz, 2H), 2.97 (t, /= 6.2 Hz, 2H), 2.69 (t, /= 7.8 Hz,
2H), 2.27-2.15 (m, 2H), 1.24 (t, J= 7.2 Hz, 3H); *C NMR (100 MHz, CDCl;) § 173.5, 125.0, 123.6,
121.7, 119.1, 118.4, 116.4, 113.5, 60.3, 43.8, 35.4, 24.7, 22.9, 21.0, 14.2; HRMS (ESI) m/z calcd for
Ci16H200.N [M+H]"258.1489, found 258.1488.

Ethyl 3-(5H-[1,3]dioxolo[4,5-f]lindol-7-yl)propanoate (13ua) [Scheme 30] To a solution of
cyclopropyl acetal 10d (42.7 mg, 0.229 mmol) in MeCN (14 mL) were added 1,3-benzodioxol-5-yl
hydrazine hydrochloride 9u (86.4 mg, 0.458 mmol) and #Bul (164 pL, 1.37 mmol) at room
temperature. The mixture was stirred at reflux. After being stirred at reflux for 15 min, #-Bul (82 pL,

0.685 mmol) was added to the reaction mixture. The mixture was stirred at reflux for additional 45
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min. Then the mixture was cooled to room temperature, quenched with saturated aqueous Na,S,0;
and extracted with CHCI; three times. The combined organic layers were dried over MgSQOsa, filtered
and concentrated. The crude product was purified by flash column chromatography (hexane/EtOAc
=7 :3) to afford indole 13ua (31.7 mg, 53%) as a brown oil; 'H NMR (400 MHz, CDCl3) § 7.80 (s,
1H), 6.97 (s, 1H), 6.88 (d, /= 2.8 Hz, 1H), 6.81 (s, 1H), 5.93 (s, 2H), 4.14 (q, /= 6.8 Hz, 2H), 3.01
(t,J=7.5Hz, 2H), 2.67 (t, J= 7.5 Hz, 2H), 1.24 (t, J = 6.8 Hz, 3H); *C NMR (100 MHz, CDCl;) &
173.4,145.0,142.8,131.0, 121.1, 120.0, 115.3, 100.6, 97.4, 92.0, 60.4, 34.9, 20.7, 14.2; HRMS (ESI)
m/z calcd for C1aH 604N [M+H]"262.1074, found 262.1073.

Ethyl 3-(5-methoxy-1-methyl-1H-indol-3-yl)propanoate (13va) [Scheme 30] To a solution of N-
(4-methoxyphenyl)methylhydrazine hydrochloride 9v (119 mg, 0.631 mmol) and #Bul (225 pL, 1.89
mmol) in MeCN (14 mL) was added cyclopropyl acetal 10d’ (58.7 mg, 0.315 mmol) in MeCN (2.0
mL) at reflux. After being stirred at reflux for 37 min, #-Bul (117 pL, 0.945 mmol) was added to the
reaction mixture. The mixture was stirred at reflux for additional 1 h. Then the mixture was cooled to
room temperature, quenched with saturated aqueous NaS;03 and extracted with CHCls three times.
The combined organic layers were dried over MgSQOys, filtered and concentrated. The crude product
was purified by flash column chromatography (hexane/EtOAc = 7 : 3) to afford indole 13va (56.6
mg, 69%) as a brown solid; "H NMR (400 MHz, CDCl3) § 7.16 (d, J = 8.8 Hz, 1H), 7.02 (d, J=2.4
Hz, 1H), 6.88 (dd, J = 8.8, 2.0 Hz, 1H), 6.83 (s, 1H), 4.14 (q, J = 7.6 Hz, 3H), 3.86 (s, 3H), 3.69 (s,
3H), 3.04 (t, J = 7.2 Hz, 2H), 2.68 (t, J= 7.2 Hz, 2H), 1.24 (t, J = 7.6 Hz, 3H); *C NMR (100 MHz,
CDCls) 6 173.4, 153.6, 132.3, 127.8, 126.8, 112.9, 111.7, 109.9, 100.6, 60.3, 55.9, 35.0, 32.7, 20.5,
14.2; HRMS (ESI) m/z calcd for CisH200sN [M+H]" 262.1438, found 262.1438.

Ethyl 3-(1-methyl-1H-indol-3-yl)propanoate (13wa) [Scheme 30] To a solution of 1-methyl-1-
phenylhydrazine 9w (70 pL, 0.593 mmol) and #Bul (212 pL, 1.78 mmol) in MeCN (14 mL) was
added cyclopropyl acetal 10d’ (55.2 mg, 0.297 mmol) in MeCN (2.0 mL) at reflux. After being stirred
at reflux for 17 min, -Bul (106 pL, 0.891 mmol) was added to the reaction mixture. The mixture was
stirred at reflux for additional 50 min. Then the mixture was cooled to room temperature, quenched
with saturated aqueous Na,S>03 and extracted with CHCI; three times. The combined organic layers
were dried over MgSOs, filtered and concentrated. The crude product was purified by flash column
chromatography (hexane/EtOAc = 7 : 3) to afford indole 13wa (19.9 mg, 29%) as a colorless oil; 'H
NMR (400 MHz, CDCl3) & 7.59 (d, J = 8.4 Hz, 1H), 7.33-7.18 (m, 2H), 7.10 (t, /= 7.8 Hz, 1H), 6.87
(s, 1H), 4.14 (q, J = 7.2 Hz, 2H), 3.74 (s, 3H), 3.09 (t, /= 7.2 Hz, 2H), 2.69 (t, /= 7.2 Hz, 2H), 1.24
(t, J = 7.2 Hz, 3H); >*C NMR (100 MHz, CDCl3) § 173.4, 136.9, 127.5, 126.3, 121.5, 118.8, 118.7,
113.5, 109.2, 60.3, 35.2, 32.6, 20.5, 14.2; HRMS (ESI) m/z calcd for Ci4His0.N [M+H]"232.1332,
found 232.1333.
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Ethyl 5-(5-methoxy-1H-indol-3-yl)-3-pentenoate (13ab) [Scheme 31] To a solution of cyclopropyl
o,B-saturated ester 10e (35.9 mg, 0.169 mmol) in MeCN (10 mL) were added 4-
methoxyphenylhydrazine hydrochloride 9a (59.0 mg, 0.338 mmol) and #Bul (121 uL, 1.01 mmol) at
room temperature. The mixture was stirred at reflux. After being stirred at reflux for 15 min, -Bul
(61 pL, 0.505 mmol) was added to the reaction mixture. The mixture was stirred at reflux for
additional 45 min. Then the mixture was cooled to room temperature, quenched with saturated
aqueous Na,S,0s and extracted with CHCl; three times. The combined organic layers were dried over
MgSQy, filtered and concentrated. The crude product was purified by flash column chromatography
(hexane/EtOAc = 7 : 3) to afford indole 13ab (dr = 1.7 : 1, 20.3 mg, 44%) as a yellow oil; '"H NMR
(400 MHz, CDCIl3) 6 7.89 (s, 1H), 7.33-7.16 (m, 1H), 7.05-6.99 (m, 1H), 6.98-6.92 (m, 1H), 6.92-
6.74 (m, 1H), 5.98-5.64 (m, 2H), 4.30-4.07 (m, 2H), 3.86 (s, 1.1H), 3.85 (s, 1.9H), 3.50-3.45 (m, 2H),
3.25(dd,J=7.2, 0.8 Hz, 0.7H), 3.07 (dd, /= 6.4, 0.9 Hz, 1.3H), 1.26 (t, J=7.2 Hz, 1.1H), 1.24 (t, J
= 7.2 Hz, 1.9H); *C NMR (100 MHz, CDCl;) § 172.2, 172.1, 154.0, 154.0, 133.1, 131.7, 131.5,
127.8,127.7,122.7, 122.6, 122.4, 121.7, 114.3, 114.3, 112.3, 112.2, 111.9, 111.9, 101.0, 100.8, 60.8,
60.7, 56.0, 38.1, 33.1, 28.7, 23.6, 14.3; Three carbon peaks of diastereomers could not be detected
probably due to overlapping; HRMS (ESI) (£/Z mixture) m/z caled for C16H200:N [M+H]274.1438,
found 274.1436.

Ethyl 3-(5-methoxy-1H-indol-3-yl)butanoate (13ac) [Scheme 31] To a solution of 4-
methoxyphenylhydrazine hydrochloride 9a (42.6 mg, 0.243 mmol) and #Bul (87.0 uL, 0.732 mmol)
in MeCN (8.0 mL) was added cyclopropyl acetal 10f (24.4 mg, 0.122 mmol) in MeCN (1.0 mL) at
reflux. After being stirred at reflux for 17 min, #-Bul (44 pL, 0.366 mmol) was added to the reaction
mixture. After being stirred at reflux for 35 min, #-Bul (44 pL, 0.366 mmol) was added to the reaction
mixture. The mixture was stirred at reflux for additional 20 min. Then the mixture was cooled to room
temperature, quenched with saturated aqueous Na,S,03 and extracted with CHCl; three times. The
combined organic layers were dried over MgSQa, filtered and concentrated. The crude product was
purified by flash column chromatography (hexane/EtOAc = 7 : 3) to afford indole 13ac (23.8 mg,
75%) as an orange oil; "H NMR (400 MHz, CDCls) § 7.89 (s, br, 1H), 7.23 (d, J = 8.4 Hz, 1H), 7.09
(d, J=2.4 Hz, 1H), 6.97 (d, /= 2.4 Hz, 1H), 6.85 (dd, /= 8.8, 2.4 Hz, 1H), 4.11 (q, /= 7.2 Hz, 2H),
3.87 (s, 3H), 3.63-3.51 (m, 1H), 2.80 (dd, J=15.2, 8.8 Hz, 1H), 2.55 (dd, J=15.2, 8.8 Hz, 1H), 1.40
(d, J = 6.8 Hz, 3H), 1.21 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCl;) § 172.9, 153.8, 131.6,
126.7,120.8, 120.6, 112.1, 111.8, 101.1, 60.3, 56.0, 42.3, 27.9, 21.0, 14.2; HRMS (ESI) m/z calcd for
Ci5H2003N [M+H]"262.1438, found 262.1439.

N,N-Diethyl-3-(5-methoxy-1H-indol-3-yl)propanamide (13ad) [Scheme 31]. To a solution of
cyclopropyl amide 10g (42.2 mg, 0.198 mmol) in MeCN (12 mL) were added 4-
methoxyphenylhydrazine hydrochloride 9a (69.1 mg, 0.396 mmol) and ¢#-Bul (142 pL, 1.19 mmol) at
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room temperature. The mixture was stirred at reflux. After being stirred at reflux for 15 min, -Bul
(71 pL, 0.595 mmol) was added to the reaction mixture. The mixture was stirred at reflux for
additional 45 min. Then the mixture was cooled to room temperature, quenched with saturated
aqueous Na,S,0s and extracted with CHCl; three times. The combined organic layers were dried over
MgSQy, filtered and concentrated. The crude product was purified by flash column chromatography
(hexane/EtOAc = 1 : 2) to afford indole 13ad (33.1 mg, 61%) as a white solid; Mp: 101-105°C; 'H
NMR (400 MHz, CDCls) 6 8.15 (br, 1H), 7.25 (d, J=4.0 Hz, 1H), 7.05 (d, J= 2.0 Hz, 1H), 6.99 (d,
J=1.6 Hz, 1H), 6.84 (dd, /= 8.8, 2.4 Hz, 1H), 3.85 (s, 3H), 3.40 (q, J= 7.2 Hz, 2H), 3.23 (q, J=7.2
Hz, 2H), 3.10 (dd, J = 9.6, 7.2 Hz, 2H), 2.70-2.60 (m, 2H), 1.14-1.07 (m, 6H); *C NMR (100 MHz,
CDCls) 6 171.9, 153.8, 131.4, 127.6, 122.4, 115.2, 112.1, 111.9, 100.5, 55.9, 41.9, 40.1, 33.8, 21.1,
14.2, 13.1; HRMS (ESI) m/z caled for Ci6H230.N, [M+H]" 275.1754, found 275.1754.

3-(5-Methoxy-1H-indol-3-yl)-1-(1-piperidinyl)-1-propanone (13ae) [Scheme 31]. To a solution of
cyclopropyl amide 10h (30.7 mg, 0.136 mmol) in MeCN (10 mL) were added 4-
methoxyphenylhydrazine hydrochloride 9a (47.6 mg, 0.272 mmol) and #-Bul (97 uL, 0.816 mmol) at
room temperature. The mixture was stirred at reflux. After being stirred at reflux for 12 min, -Bul
(49 pL, 0.408 mmol) was added to the reaction mixture. The mixture was stirred at reflux for
additional 33 min. Then the mixture was cooled to room temperature, quenched with saturated
aqueous Na,S>0j3 and extracted with CHCI; three times. The combined organic layers were dried over
MgSQy, filtered and concentrated. The crude product was purified by flash column chromatography
(hexane/EtOAc = 1 : 2) to afford indole 13ae (19.6 mg, 50%) as a pale orange oil; 'H NMR (400
MHz, CDCl) 6 8.05 (s, 1H), 7.23 (d, /= 9.2 Hz, 1H), 7.04 (d, J = 2.8 Hz, 1H), 6.99 (d, J = 2.4 Hz,
1H), 6.84 (dd, J = 9.2, 2.8 Hz), 3.85 (s, 3H), 3.57-3.55 (m, 2H), 3.31 (t, J= 5.6 Hz, 2H), 3.10-3.06
(m, 2H), 2.75-2.65 (m, 2H), 1.64-1.54 (m, 2H), 1.54-1.46 (m, 2H), 1.45-1.37 (m, 2H); *C NMR (100
MHz, CDCl3) 6 171.0, 153.9, 131.4, 127.6, 122.3, 115.3, 112.1, 111.8, 100.5, 55.9, 46.6, 42.7, 33.9,
26.3,25.5,24.5,21.1; HRMS (ESI) m/z calcd for Ci7H230,N> [M+H]"287.1754, found 287.1755.

N-Methoxy-3-(5-methoxy-1H-indol-3-yl)-V-methylpropanamide (13af) [Scheme 31] To a
solution of cyclopropyl amide 10j (206 mg, 1.02 mmol) in MeCN (50 mL) were added 4-
methoxyphenylhydrazine hydrochloride 9a (358 mg, 2.05 mmol) and #Bul (730 pL, 6.12 mmol) at
room temperature. The mixture was stirred at reflux. After being stirred at reflux for 15 min, #-Bul
(365 uL, 3.06 mmol) was added to the reaction mixture. The mixture was stirred at reflux for
additional 35 min. Then the mixture was cooled to room temperature, quenched with saturated
aqueous Na,S,0; and extracted with CHCI; three times. The combined organic layers were dried over
MgSQy, filtered and concentrated. The crude product was purified by flash column chromatography
(hexane/EtOAc = 1 : 3) to afford indole 13af (139 mg, 52%) as a pale orange oil; "H NMR (400 MHz,
CDCl;) 6 8.17 (s, 1H), 7.21 (d, J = 8.8 Hz, 1H), 7.05 (d, J = 2.4 Hz, 1H), 6.98 (d, J=2.4 Hz, 1H),
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6.83 (dd, J = 8.8, 2.4 Hz, 1H), 3.85 (s, 3H), 3.57 (s, 3H), 3.18 (s, 3H), 3.07 (t, J = 7.2 Hz, 2H), 2.82
(t, J=7.2 Hz, 2H); 3C NMR (100 MHz, CDCls) § 174.2, 153.7, 131.4, 127.5, 122.4, 115.0, 112.0,
111.9, 100.4, 61.1, 55.9, 32.5, 32.1, 20.2; HRMS (ESI) m/z calcd for C14H1003N, [M+H]* 263.1391,
found 263.1390.

S-Benzyl 3-(5-methoxy-1H-indol-3-yl)propanethioate (13ag) [Scheme 31] To a solution of
cyclopropyl thioester 10i (38.1 mg, 0.144 mmol) in MeCN (10 mL) were added 4-
methoxyphenylhydrazine hydrochloride 9a (50.3 mg, 0.288 mmol) and #Bul (103 pL, 0.864 mmol)
at room temperature. The mixture was stirred at reflux. After being stirred at reflux for 18 min, -Bul
(365 uL, 3.06 mmol) was added to the reaction mixture. The mixture was stirred at reflux for
additional 42 min. Then the mixture was cooled to room temperature, quenched with saturated
aqueous Na,S,0s and extracted with CHCl; three times. The combined organic layers were dried over
MgSQy, filtered and concentrated. The crude product was purified by flash column chromatography
(hexane/EtOAc = 7 : 3) to afford the indole 13ag (34.4 mg, 74%) as a yellow oil; "H NMR (400 MHz,
CDCls) 6 7.83 (s, 1H), 7.52-7.16 (m, 6H), 7.01 (s, 1H), 6.93 (s, 1H), 6.86 (d, J=8.5 Hz, 1H), 4.13 (s,
2H), 3.86 (s, 3H), 3.11 (t,J=7.6 Hz, 2H), 2.96 (dd, J = 8.2, 6.4 Hz, 2H); *C NMR (100 MHz, CDCl5)
6 198.5,154.0, 137.6, 131.3, 128.8, 128.6, 127.4, 127.2,122.3, 114.1, 112.3, 111.9, 100.4, 55.9, 44.2,
33.2, 21.1; One carbon peak could not be detected probably due to overlapping; HRMS (ESI) m/z
calcd for C1oH 9O,NNa [M+Na]"348.1029, found 348.1026.

5-(5-Methoxy-1H-indol-3-yl)-1-(4-methoxyphenyl)pent-1-yn-3-one (51) [Scheme 32]. To a
solution of 4-ethynylanisole (116 mg, 0.874 mmol) in THF (1 mL) was added n-BuLi (46.8 mg, 0.73
mmol) at =78 °C. After stirred at =78 °C for 30 min, the mixture was transferred through cannula to
cooled (=78 °C) solution of indole 13af (76.5 mg, 0.29 mmol) in THF (1 mL) and stirred for 5 min at
—78 °C. Then the mixture was stirred for further 1 h at —10 °C followed by cooled to =78 °C,
quenched with saturated aqueous NH4Cl and warm to room temperature. The resulting mixture was
diluted with water, extracted with ethyl acetate three times, dried over MgSQOs, filtered and
concentrated. The residue was purified by silica gel column chromatography (hexane/EtOAc =7 : 3)
to afford ynone 51 (57.8 mg, 59%) as a brown solid; Mp: 76-80 °C; 'H NMR (400 MHz, CDCl;) &
7.92 (s, br, 1H), 7.48 (d, J= 8.8 Hz, 2H), 7.25 (s, 1H), 7.05 (d, J = 2.4 Hz, 1H), 7.00 (d, J= 2.4 Hz,
1H), 6.92-6.83 (m, 3H), 3.86 (s, 3H), 3.82 (s, 3H), 3.19-3.15 (m, 2H), 3.08-3.04 (m, 2H); *C NMR
(100 MHz, CDCl3) 6 187.7, 161.6, 154.0, 135.1, 131.4, 127.5,122.3,114.4, 114.3,112.2, 111.9, 111.7,
100.5, 92.3, 87.8, 55.9, 55.4, 45.7, 19.8; HRMS (ESI) m/z calcd for C21H00sN [M+H]" 334.1438,
found 334.1440.

2-Methoxy-6-(4-methoxyphenyl)-9,10-dihydrocyclohepta[b]indol-8(SH)-one (52) [Scheme 32].
To a solution of ynone 51 (21.8 mg, 0.065 mmol) in MeCN (2 mL) was added NaAuCl4-2H,O (1.30
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mg, 0.003 mmol). The mixture was stirred at room temperature for 12 h and then, diluted with EtOAc.
The mixture was washed with water, dried over MgSQO4 and concentrated. The residue was purified
by silica gel column chromatography (hexane/EtOAc = 7 : 3) to afford 52 (22.1 mg, quant.) as a
yellow solid; Mp: 188-191 °C; '"H NMR (400 MHz, CDCl;) & 7.77 (s, br, 1H), 7.39 (d, J = 8.8 Hz,
2H), 7.17 (d, J = 8.8 Hz, 1H), 7.08-6.96 (m, 3H), 6.91 (dd, J = 8.8, 2.4 Hz, 1H), 6.18 (s, 1H), 3.883
(s, 3H), 3.876 (s, 3H), 3.21-3.08 (m, 2H), 2.97-2.84 (m, 2H); *C NMR (100 MHz, CDCls) & 200.8,
160.6, 154.5, 145.1, 132.2, 131.8, 131.0, 130.2, 127.4, 127.2, 120.7, 115.8, 114.3, 112.3, 99.9, 55.8,
55.4,42.7,18.2; HRMS (ESI) m/z caled for C21H2003N [M+H]"334.1438, found 334.1434.

1-(4-Methoxyphenyl)spiro[(4-methoxyphenyl)-cyclohex[6]ene-2,3'-indol]-5-one (53)

[Scheme 32]. To a solution of ynone 51 (20.9 mg, 0.063 mmol) in CH,Cl, (1 mL) was added AgOTf
(1.67 mg, 0.0065 mmol). After stirred at room temperature for 3 h, the mixture was concentrated. The
residue was purified by silica gel column chromatography (hexane/EtOAc = 7 : 3) to afford 53 (18
mg, 86%) as a brown oil; 'H NMR (400 MHz, CDCls) & 8.05 (s, 1H), 7.68 (d, J = 8.8 Hz, 1H), 6.97
(dd, J=8.8,2.8 Hz, 1H), 6.87 (d, /=2.8 Hz, 1H), 6.77-6.72 (m, 2H), 6.70-6.64 (m, 2H), 6.47 (s, 1H),
3.80 (s, 3H), 3.73 (s, 3H), 2.95-2.80 (m, 1H), 2.76-2.62 (m, 1H), 2.61-2.48 (m, 1H), 1.86-1.74 (m,
1H), 0.96-0.82 (m, 1H); *C NMR (100 MHz, CDCls) & 197.9, 174.0, 161.0, 159.1, 157.4, 148.3,
142.6,129.7,128.2, 127.4,122.9, 114.0, 113.8, 109.3, 61.5, 60.4, 55.8, 55.2, 34.1, 32.2, 14.2; HRMS
(ESI) m/z caled for C21H2003N [M+H]" 334.1438, found 334.1438.
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Di-tert-butyl 1-cyclopropylhydrazine-1,2-dicarboxylate (66) [Scheme 39]. To a solution of
cyclopropylboronic acid 65 (8.59 g, 100 mmol) in DMF (60 mL) were added di-tert-butyl
azodicarboxylate (7.41 g, 32.0 mmol) and Cu(OAc), (908 mg, 5.00 mmol). The mixture was stirred
at 80 °C for 8 h, and then cooled to room temperature. After the mixture was cooled to 0 °C, H,O
(100 mL) and Et;O (200 mL) were added. The organic layer was washed with H>O and brine, and
dried over MgSO4. Then, the mixture was filtered and concentrated. The residue was purified with
silica gel column chromatography (hexane/EtOAc =9 : 1) to afford protected N-cyclopropylhydrazine
66 (5.75 g, 21% yield) as a yellow oil. The spectral data were identical with those reported in the

literature. 4

Cyclopropylhydrazine ditosylate (67) [Scheme 39]. To a solution of protected N-cyclopropyl
hydrazine 66 (5.75g, 21.0 mmol) in MeCN (105 mL) was added p-toluenesulfonic acid monohydrate
(16.0 g, 84.0 mmol). The mixture was stirred at 60 °C for 1 h, and then cooled to room temperature,
filtered with KIRIYAMA funnel to afford N-cyclopropylhydrazine tosylate 67 (6.26 g, 71% yield) as

a white solid. The spectral data were identical with those reported in the literature. *"

Methyl 2-(naphthalen-2-yl)-2-oxoacetate (70aa) [Scheme 40]. To a suspension of magnesium (703
mg, 28.9 mmol) in THF (7.30 mL), was added I, slowly. To the resulted mixture was added the
solution of 2-bromonaphthalene 68 (5.00 g, 24.1 mmol) in THF (12 mL). After cooled to =78 °C,
dimethyloxalate (1.90 g, 15.9 mmol) solution in THF was added to the reaction mixture and stirred
at —78 °C for 1 h. Then, the mixture was quenched with 1 M HCI and the aqueous phase was extracted
with ethyl acetate and the combined organic extracts were dried over MgSOQsy, filtered and evaporated.
2-(Naphthalen-2-yl)-2-oxoacetate 70aa (571 mg, 11%) was obtained after purification by flash
column chlomatography (hexane/EtOAc); The spectral data were identical with those reported in the

literature.”

Methyl (Z)-2-(2-cyclopropylhydrazineylidene)-2-(naphthalen-2-yl)acetate (14aa) [Scheme 40].
To a solution of methyl 2-(naphthalene-2-yl)-2-oxoacetate 70aa (571 mg, 2.66 mmol) in MeOH (120
mL) were added cyclopropylhydrazine ditosylate 67 (1.11 g, 2.66 mmol) and pyridine (430 pL, 5.33
mmol). The mixture was stirred at room temperature for 18 h, and then evaporated. 14aa (320 mg,
45%) was obtained as a white solid after purification by Biotage Isolera® (hexane/EtOAc); Mp: 72-
77 °C; '"H-NMR (400 MHz, CDCl5) & 10.69 (s, 1H), 7.96 (s, 1H), 7.84-7.78 (m, 3H), 7.66 (dd, J =
6.8, 2.0 Hz, 1H), 7.47-7.41 (m, 2H), 3.81 (s, 3H), 3.12-3.07 (m, 1H), 0.85-0.79 (m, 4H); *C-NMR
(100 MHz, CDCl3) 6 164.1, 134.4, 133.2, 132.5, 128.2, 127.5, 127.2, 127.1, 126.6, 126.0, 125.8,
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125.7,51.4,31.9, 6.3; HRMS (ESI) m/z calcd for Ci¢H;70,N> [M+H]" 269.1285, found 269.1284.

[Table 3, entry 1] N-Cyclopropylhydrazone 14aa (42.4 mg, 0.158 mmol), [Cp*RhCl:]> (9.8 mg,
0.0158 mmol), Cu(OAc), (28.7 mg, 0.158 mmol), K,COs (21.8 mg, 0.158 mmol) and MS4A (100
mg) were dissolved in xylene (1.60 mL). The mixture was stirred at reflux for 16 h. Then, the mixture
was cooled to room temperature, filtered through Celite® and evaporated. The residue was analyzed
by '"H NMR (CDCls). Pyrazole 16aa was calculated as 13% NMR yield.

Methyl 2-(naphthalen-2-yl)-2-(1H-pyrazol-1-yl)acetate (16aa). Physical state: yellow solid; Mp:
97-99 °C; '"H-NMR (400 MHz, CDCl3) § 7.89-7.84 (m, 4H), 7.61 (d, J = 2.0 Hz, 1H), 7.54-7.47 (m,
3H), 7.42 (d, J = 2.0 Hz, 1H), 6.40 (s, 1H), 6.27 (t, J= 2.0 Hz, 1H), 3.83 (s, 3H); "C-NMR (100
MHz, CDCl3) § 169.5, 140.0, 133.4, 133.1, 131.0, 129.3, 129.1, 128.2, 128.0, 127.7, 127.0, 126.7,
125.5,106.1, 67.9, 52.9; HRMS (ESI) m/z calcd for Ci6H;s0,N> [M+H]" 267.1128, found 267.1127.

[Table 3, entry 3] N-Cyclopropylhydrazone 14aa (30.7 mg, 0.110 mmol), Pd(OAc), (2.4 mg, 0.011
mmol) and MS4A (100 mg) were dissolved in xylene (1.00 mL). The mixture was stirred at reflux for
14 h. Then, the mixture was cooled to room temperature, filtered through Celite® and evaporated. The

residue was analyzed by '"H NMR (CDCl;). Pyrazole 16aa was calculated as 49% NMR yield.

[Table 3, entry 4] N-Cyclopropylhydrazone 14aa (46.8 mg, 0.175 mmol), Pd(TFA), (5.8 mg, 0.017
mmol) and MS4A (100 mg) were dissolved in xylene (1.70 mL). The mixture was stirred at reflux for
16 h. Then, the mixture was cooled to room temperature, filtered through Celite® and evaporated. The

residue was analyzed by 'H NMR (CDCls). Pyrazole 16aa was calculated as 42% NMR yield.

[Table 3, entry 5] N-Cyclopropylhydrazone 14aa (35.1 mg, 0.130 mmol), Pd(OAc), (2.9 mg, 0.013
mmol), AgOAc (43.4 mg, 0.260 mmol) and MS4A (100 mg) were dissolved in xylene (1.30 mL). The
mixture was stirred at reflux for 16 h. Then, the mixture was cooled to room temperature, filtered
through Celite® and evaporated. The residue was analyzed by 'H NMR (CDCls). Pyrazole 16aa was
calculated as 39% NMR yield.

[Table 3, entry 6] N-Cyclopropylhydrazone 14aa (38.6 mg, 0.144 mmol), Pd(OAc); (3.2 mg, 0.014
mmol), HFIP (48.4 mg, 0.288 mmol) and MS4A (100 mg) were dissolved in xylene (1.40 mL). The
mixture was stirred at reflux for 15 h. Then, the mixture was cooled to room temperature, filtered
through Celite® and evaporated. The residue was purified by PTLC (hexane/EtOAc = 7 : 3) to afford
pyrazole 16aa (26.4 mg, 69%).
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[Table 3, entry 8] N-Cyclopropylhydrazone 14aa (32.1 mg, 0.120 mmol), Pd(OAc), (2.7 mg, 0.012
mmol) and MS4A (100 mg) were dissolved in ~AmylOH (1.20 mL). The mixture was stirred at reflux
for 4 h. Then, the mixture was cooled to room temperature, filtered through Celite® and evaporated.

The residue was purified by PTLC (hexane/EtOAc = 7 : 3) to afford pyrazole 16aa (25.6 mg, 80%).
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General procedure for preparation of cyclopropylhydrazones [Table 4]. To a solution of a-keto
esters in MeOH were added cyclopropylhydrazine 67 (1.0 eq.) and pyridine (2.0 eq.). The mixture
was stirred at room temperature for several hours, and then evaporated. The crude product was

purified by column chromatography to afford cyclopropylhydrazones 14ab-as.

Methyl (Z)-2-(2-cyclopropylhydrazineylidene)-2-phenylacetate (14ab) [Table 4, entry 1].
Following to the general procedure using commercially available methyl benzoylformate 70ab (1.20
g, 7.20 mmol), cyclopropylhydrazine 67 (3.00 g, 7.20 mmol) and pyridine (1.20 mL, 14 mmol), 14ab
(775 mg, 49%) was obtained as a yellow oil after purification by flash column chromatography
(hexane/EtOAc = 10 : 1); 'TH-NMR (600 MHz, CDCl3) § 10.62 (s, 1H), 7.50-7.48 (m, 2H), 7.34-7.31
(m, 2H), 7.27-7.24 (m, 1H), 3.77 (s, 3H), 3.07-3.03 (m, 1H), 0.82-0.75 (m, 4H); >*C-NMR (151 MHz,
CDCls) 8 163.9, 137.0, 128.4, 127.8, 127.0, 126.1, 51.3, 31.8, 6.2; HRMS (ESI) m/z calcd for
C12H50:N; [M+H]" 219.1128, found 219.1128.

Ethyl 2-(2-cyclopropylhydrazineylidene)-2-phenylacetate (14ac) [Table 4, entry 2]. Following to
the general procedure using commercially available ethyl benzoylformate 70ac (534 mg, 3.00 mmol),
cyclopropylhydrazine 67 (1.25 mg, 3.00 mmol) and pyridine (484 pL, 6.00 mmol), 14ac (45.6 mg,
7%) and 14ac’ (E-isomer of 14ac, 21.0 mg, 3%) were obtained after purification by flash column
chromatography (hexane/EtOAc =4 : 1);

Ethyl (Z)-2-(2-cyclopropylhydrazineylidene)-2-phenylacetate (14ac). Physical state: yellow oil;
'H-NMR (400 MHz, CDCl3) § 10.62 (s, 1H), 7.53-7.50 (m, 2H), 7.34-7.30 (m, 2H), 7.27-7.23 (m,
1H), 4.26 (q, J = 7.2 Hz, 2H), 3.07-3.02 (m, 1H), 1.31 (t, J = 7.6 Hz, 3H), 0.81-0.76 (m, 4H); *C-
NMR (100 MHz, CDCls) 6 163.6, 137.1, 128.3, 127.8, 126.9, 126.3, 60.4, 31.8, 14.2, 6.2; HRMS
(ESI) m/z calcd for C13H170,N, [M+H]" 233.1285, found 233.1286.

Ethyl (E)-2-(2-cyclopropylhydrazineylidene)-2-phenylacetate (14ac’). Physical state: yellow oil;
'H-NMR (400 MHz, CDCl3) § 7.48-7.37 (m, 3H), 7.27-7.22 (m, 2H), 6.41 (s, 1H), 4.32-4.26 (m, 2H),
2.90-2.87 (m, 1H), 1.33-1.29 (m, 3H), 0.73-0.63 (m, 4H); *C-NMR (100 MHz, CDCl;) § 164.4, 133.6,
130.5, 129.2, 129.0, 129.0, 61.1, 31.1, 14.3, 6.7, HRMS (ESI) m/z calcd for Ci3H;70,N> [M+H]"
233.1285, found 233.1284.

Ethyl (£)-2-(2-cyclopropylhydrazineylidene)-2-(4-methoxyphenyl)acetate (14ad) [Table 4, entry

3]. Following to the general procedure, commercially available ethyl 4-methoxybenzoylformate 70ad
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(208 mg, 1.00 mmol), cyclopropylhydrazine 67 (417 mg, 1.00 mmol) and pyridine (161 pL, 2.00
mmol) were used and the reaction time was 4 h. 14ad (128 mg, 12%) was obtained as a yellow oil
after purification by Biotage Isolera® (hexane/EtOAc); 'H-NMR (400 MHz, CDCls) § 7.47-7.43 (m,
2H), 6.88-6.85 (m, 2H), 4.26 (q, J = 6.8 Hz, 2H), 3.81 (s, 3H), 3.05-2.99 (m, 1H), 1.31 (t, /= 7.2 Hz,
3H), 0.79-0.74 (m, 4H); *C-NMR (100 MHz, CDCl5) § 163.6, 158.7, 129.8, 129.5, 126.3, 113.2, 60.4,
55.3,31.7,14.2, 6.2; HRMS (ESI) m/z calcd for C14H;903N> [M+H]" 263.1390, found 263.1388.

Ethyl (Z2)-2-(2-cyclopropylhydrazineylidene)-2-(p-tolyl)acetate (14ae) [Table 4, entry 4].
Following to the general procedure, commercially available ethyl 4-methylbenzoylformate 70ae (326
mg, 1.70 mmol), cyclopropylhydrazine 67 (700 mg, 1.68 mmol) and pyridine (270 pL, 3.40 mmol)
were used and the reaction time was 2 h. 14ae (207 mg, 49%) was obtained as a colorless oil after
purification by Biotage Isolera® (hexane/EtOAc); 'H-NMR (400 MHz, CDCls) § 10.54 (s, 1H), 7.41
(d,J=7.2Hz,2H), 7.13 (d,J=7.6 Hz, 2H), 4.28-4.23 (m, 2H), 3.05-3.00 (m, 1H), 2.34 (s, 3H), 1.32-
1.29 (m, 3H), 0.79-0.75 (m, 4H); *C-NMR (100 MHz, CDCl;) § 163.6, 136.7, 134.3, 128.5, 128.2,
126.5, 60.3, 31.8, 21.2, 14.2, 6.2; HRMS (ESI) m/z calcd for C14H;90,N> [M+H]" 247.1441, found
247.1441.

Ethyl (£2)-2-(2-cyclopropylhydrazineylidene)-2-(4-fluorophenyl)acetate (14af) [Table 4, entry 5].
Following to the general procedure, commercially available ethyl-(4-fluorobenzoyl)formate 70af
(334 mg, 1.70 mmol), cyclopropylhydrazine 67 (700 mg, 1.68 mmol) and pyridine (270 pL, 3.40
mmol) were used and the reaction time was 2 h. 14af (212 mg, 50%) was obtained as a yellow solid
after purification by Biotage Isolera® (hexane/EtOAc); Mp: 35-40 °C; "H-NMR (400 MHz, CDCls)
0 10.63 (s, 1H), 7.50-7.46 (m, 2H), 7.00 (t, J = 8.8 Hz, 2H), 4.26 (q, J = 7.2 Hz, 2H), 3.06-3.01 (m,
1H), 1.31 (t, J= 7.2 Hz, 3H), 0.78 (d, J = 6.8 Hz, 4H); *C-NMR (100 MHz, CDCl3) § 163.3 (d, Jc.r
=245.6 Hz), 160.8, 133.2 (d, Jc.c.c.c.r = 2.89 Hz), 130.0 (d, Je.c.c.r=7.71 Hz), 125.3, 114.6 (d, Jc.c-
F=21.2 Hz), 60.5,31.8, 14.2, 6.2; ’F NMR (376 MHz, CDCl;) & -115.7; HRMS (ESI) m/z calcd for
C13H1602NoF [M+H]" 251.1190, found 251.1192.

Ethyl (£2)-2-(2-cyclopropylhydrazineylidene)-2-(4-chlorophenyl)acetate (14ag) [Table 4, entry 6].
Following to the general procedure, commercially available ethyl-(4-chlorobenzoyl)formate 70ag
(360 mg, 1.70 mmol), cyclopropylhydrazine 67 (700 mg, 1.68 mmol) and pyridine (270 pL, 3.40
mmol) were used and the reaction time was 5 h. 14ag (207 mg, 46%) was obtained as a colorless oil
after purification by Biotage Isolera® (hexane/EtOAc); "H-NMR (400 MHz, CDCl3) & 10.69 (s, 1H),
7.48-7.45 (m, 2H), 7.30-7.26 (m, 2H), 4.26 (q, J = 6.8 Hz, 2H), 3.07-3.01 (m, 1H), 1.31 (t, /= 6.8
Hz, 3H), 0.80-0.77 (m, 4H); *C-NMR (100 MHz, CDCl;) & 163.3, 135.6, 132.6, 129.5, 127.9, 125.0,
60.5,31.9, 14.2, 6.2; HRMS (ESI) m/z caled for C13H;602N>*C1 [M+H]" 267.0895, found 267.0895,
C13H160:N>""Cl [M+H]" 269.0865, found 269.0866.
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Ethyl (£)-2-(4-bromophenyl)-2-(2-cyclopropylhydrazineylidene)acetate (14ah) [Table 4, entry
7]. Following to the general procedure, commercially available ethyl-(4-bromobenzoyl)formate 70ah
(617 mg, 2.40 mmol), cyclopropylhydrazine 67 (1.00 g, 2.40 mmol) and pyridine (400 pL, 4.80
mmol) were used and the reaction time was 5 h. 14ah (403 mg, 54%) was obtained as a colorless oil
after purification by Biotage Isolera® (hexane/EtOAc); 'H-NMR (400 MHz, CDCl;) § 10.71 (s, 1H),
7.45-7.38 (m, 4H), 4.26 (q, J = 7.6 Hz, 2H), 3.07-3.01 (m, 1H), 1.31 (t, /= 7.6 Hz, 3H), 0.80-0.77
(m, 4H); *C-NMR (100 MHz, CDCl;) & 163.3, 136.0, 130.8, 129.9, 124.9, 120.9, 60.5, 31.9, 14.2,
6.2; HRMS (ESI) m/z caled for C13H;60,N,”"Br [M+H]" 311.0390, found 311.0391, C13H;40,N,*'Br
[M+H]"313.0369, found 313.0371.

Methyl (Z)-4-(1-(2-cyclopropylhydrazineylidene)-2-methoxy-2-oxoethyl)benzoate (14ai) [Table
4, entry 8]. Following to the general procedure, methyl-(4-methoxycarbonyl)benzoylformate 70ai
(165 mg, 0.743 mmol), cyclopropylhydrazine 67 (291 mg, 0.700 mmol) and pyridine (113 pL, 1.40
mmol) were used and the reaction time was 3 h. 14ai (79.7 mg, 41%) was obtained as a white solid
after purification by Biotage Isolera® (hexane/EtOAc); Mp: 75 °C; '"H-NMR (400 MHz, CDCls) &
10.83 (s, 1H), 8.00-7.97 (m, 2H), 7.62-7.59 (m, 2H), 3.91 (s, 3H), 3.80 (s, 3H), 3.11-3.06 (m, 1H),
0.84-0.80 (m, 4H); *C-NMR (100 MHz, CDCl;) § 167.1, 163.8, 141.5, 129.1, 128.2, 127.9, 124.6,
52.0,51.4, 32.1, 6.3; HRMS (ESI) m/z calcd for C14H;704N, [M+H]" 277.1183, found 277.1182.

Ethyl (2)-2-(4-cyanophenyl)-2-(2-cyclopropylhydrazineylidene)acetate (14aj) [Table 4, entry 9].
Following to the general procedure, commercially available ethyl 4-cyanobenzoylformate 70aj (203
mg, 1.00 mmol), cyclopropylhydrazine 67 (416 mg, 1.00 mmol) and pyridine (161 pL, 2.00 mmol)
were used and the reaction time was 5 h. 14aj (133 mg, 51%) was obtained as a white solid after
purification by Biotage Isolera® (hexane/EtOAc); Mp: 66-70 °C; "H-NMR (400 MHz, CDCl3) § 10.96
(s, 1H), 7.68 (dd, J= 6.8, 1.6 Hz, 2H), 7.59 (dd, J = 6.8, 1.6 Hz, 2H), 4.29 (q, J= 7.2 Hz, 2H), 3.12-
3.06 (m, 1H), 1.33 (t, J = 7.2 Hz, 3H), 0.84-0.81 (m, 4H); *C-NMR (100 MHz, CDCl;) § 163.1,
141.6,131.6, 128.4, 123.8, 119.3, 109.7, 60.7, 32.2, 14.2, 6.3; HRMS (ESI) m/z calcd for Ci4H1s02N3
[M+H]" 258.1237, found 258.1239.

Methyl (Z)-2-(2-cyclopropylhydrazineylidene)-2-(o-tolyl)acetate (14ak) [Table 4, entry 10].
Following to the general procedure, methyl 2-methylbenzoylformate 70ak (115 mg, 0.645 mmol),
cyclopropylhydrazine 67 (268 mg, 0.643 mmol) and pyridine (103 pL, 1.28 mmol) were used. The
mixture was stirred at room temperature for 18 h. Then the mixture was heated up to 50 °C and stirred
for 8 h. After the same work-up as the general procedure, 14ak (20.2 mg, 14%) was obtained as a
white solid after purification by Biotage Isolera® (hexane/EtOAc); 'H-NMR (400 MHz, CDCl;) §
10.63 (s, 1H), 7.24-7.17 (m, 4H), 3.69 (s, 3H), 3.04-2.99 (m, 1H), 2.22 (s, 3H), 0.77-0.75 (m, 4H);
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BC-NMR (100 MHz, CDCls) § 164.0, 137.2, 136.4, 130.2, 130.0, 127.8, 126.1, 125.6, 51.3, 31.6,
19.8, 6.3; HRMS (ESI) m/z calcd for Ci3H;70,N> [M+H]" 233.1285, found 233.1286.

Methyl (Z£)-2-(2-cyclopropylhydrazineylidene)-2-(2-methoxyphenyl)acetate (14al) [Table 4,
entry 11]. Following to the general procedure, 2-methoxybenzoylformate 70al (159 mg, 0.819 mmol),
cyclopropylhydrazine 67 (342 mg, 0.821 mmol) and pyridine (132 pL, 1.64 mmol) were used and the
reaction time was 17 h. 14al (16.7 mg, 8%) was obtained as a yellow oil after purification by Biotage
Isolera®™ (hexane/EtOAc); '"H-NMR (400 MHz, CDCl;) § 10.25 (s, 1H), 7.31-7.26 (m, 2H), 6.99-6.95
(m, 1H), 6.88-6.86 (m, 1H), 3.78 (s, 3H), 3.68 (s, 3H), 3.02-2.97 (m, 1H), 0.77-0.72 (m, 4H); "*C-
NMR (100 MHz, CDCls) 6 164.0, 157.8, 130.5, 129.2, 126.8, 125.3, 120.7, 110.8, 55.6, 51.2, 31.4,
6.3; HRMS (ESI) m/z caled for Ci3H705N, [M+H]" 249.1234, found 249.1231.

Methyl (Z)-2-(2-cyclopropylhydrazineylidene)-2-(m-tolyl)acetate (14am) [Table 4, entry 12].
Following to the general procedure, 3-methylbenzoylformate 70am (132 mg, 0.741 mmol),
cyclopropylhydrazine 67 (309 mg, 0.742 mmol) and pyridine (119 pL, 1.48 mmol) were used and the
reaction time was 22 h. 14am (112 mg, 65%) was obtained as a colorless oil after purification by
Biotage Isolera® (hexane/EtOAc); '"H-NMR (400 MHz, CDCls) & 10.58 (s, 1H), 7.29-7.26 (m, 2H),
7.23-7.20 (m, 1H), 7.08 (d, J= 8.0 Hz, 1H), 3.77 (s, 3H), 3.06-3.03 (m, 1H), 2.36 (s, 3H), 0.80-0.76
(m, 4H); *C-NMR (100 MHz, CDCl;) § 164.0, 137.4, 136.9, 129.0, 128.0, 127.7, 126.3, 125.6, 51.3,
31.8,21.5, 6.3; HRMS (ESI) m/z calced for Ci3H70:N; [M+H]" 233.1285, found 233.1284.

Methyl (Z)-2-(2-cyclopropylhydrazineylidene)-2-(3-methoxyphenyl)acetate (14an) [Table 4,
entry 13]. Following to the general procedure, 3-methoxybenzoylformate 70an (84.2 mg, 0.433
mmol), cyclopropylhydrazine 67 (181 mg, 0.434 mmol) and pyridine (69.0 uL, 0.86 mmol) were used
and the reaction time was 21 h. 14an (26.5 mg, 25%) was obtained as a colorless oil after purification
by Biotage Isolera® (hexane/EtOAc); '"H-NMR (400 MHz, CDCl3) § 10.63 (s, 1H), 7.26-7.22 (m, 1H),
7.11-7.06 (m, 2H), 6.84-6.81 (m, 1H), 3.82 (s, 3H), 3.78 (s, 3H), 3.07-3.02 (m, 1H), 0.81-0.76 (m,
4H); *C-NMR (100 MHz, CDCl5) § 163.9, 159.1, 138.3, 128.7, 125.7,121.0, 114.2, 112.5, 55.2, 51.3,
31.9, 6.2; HRMS (ESI) m/z calcd for C13H1703N> [M+H]" 249.1233, found 249.1234.

Methyl (Z)-2-(3-cyanophenyl)-2-(2-cyclopropylhydrazineylidene)acetate (14ao0) [Table 4, entry
14]. Following to the general procedure, 3-cyanobenzoylformate 70ao (189 mg, 1.00 mmol),
cyclopropylhydrazine 67 (416 mg, 1.00 mmol) and pyridine (161 pL, 2.00 mmol) were used and the
reaction time was 24 h. 14ao (110 mg, 45%) was obtained as a colorless oil after purification by
Biotage Isolera® (hexane/EtOAc); 'H-NMR (400 MHz, CDCls) & 10.88 (s, 1H), 7.84 (d, J = 0.8 Hz,
1H), 7.77 (dd, J = 8.0, 1.2 Hz, 1H), 7.52 (dd, J= 7.2, 0.8 Hz, 1H), 7.41 (t, J= 7.2 Hz, 1H), 3.81 (s,
3H), 3.11-3.05 (m, 1H), 0.83 (d, J = 5.6 Hz, 4H); *C-NMR (100 MHz, CDCl3) § 163.4, 138.2, 132.4,
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131.8, 130.1, 128.6, 123.2, 119.2, 111.9, 51.5, 32.2, 6.3; HRMS (ESI) m/z caled for Ci3H140:N;
[M+H]" 244.1081, found 244.1079.

(Methyl (2£)-2-(benzo[d][1,3]dioxo0l-5-yl)-2-(2-cyclopropylhydrazineylidene)acetate (14ap)
[Table 4, entry 15]. Following to the general procedure, 3,4-methylenedioxybenzoylformate 70ap
(400 mg, 1.67 mmol), cyclopropylhydrazine 67 (696 mg, 1.67 mmol) and pyridine (270 pL, 3.34
mmol) were used and the reaction time was 17 h. 14ap (117 mg, 27%) was obtained as a colorless oil
after purification by Biotage Isolera® (hexane/EtOAc); 'H-NMR (400 MHz, CDCl;) § 10.51 (s, 1H),
7.00-6.96 (m, 2H), 6.78 (d, J= 7.6 Hz, 1H), 5.94 (s, 2H), 3.77 (s, 3H), 3.05-3.00 (m, 1H), 0.79-0.75
(m, 4H); “C-NMR (100 MHz, CDCl3) § 163.8, 147.1, 146.7, 131.1, 125.7, 122.1, 109.1, 107.8, 100.9,
51.3, 31.8, 6.2; HRMS (ESI) m/z calcd for Ci3H;504N; [M+H]" 263.1026, found 263.1027.

Methyl (Z)-2-(2-cyclopropylhydrazineylidene)-2-(thiophen-2-yl)acetate (14aq) [Table 4, entry
16]. Following to the general procedure, methyl 2-oxo-2-(thiophen-2-yl)acetate 70aq (181 mg, 1.06
mmol), cyclopropylhydrazine 67 (443 mg, 1.06 mmol) and pyridine (171 pL, 2.12 mmol) were used
and the reaction time was 22 h. 14aq (52.8 mg, 22%) was obtained as a yellow oil after purification
by Biotage Isolera®™ (hexane/EtOAc); 'H-NMR (400 MHz, CDCl3) § 10.67 (s, 1H), 7.31 (dd, J = 3.6,
1.6 Hz, 1H), 7.13 (dd, J=5.2, 1.2 Hz, 1H), 6.96 (dd, J= 5.2, 3.6 Hz, 1H), 3.86 (s, 3H), 3.08-3.04 (m,
1H), 0.86-0.76 (m, 4H); *C-NMR (100 MHz, CDCl3) § 163.1, 141.1, 127.0, 124.0, 123.8, 121.3, 51.4,
32.1, 6.2; HRMS (ESI) m/z calcd for C1oH;30,N>S [M+H]" 225.0692, found 225.0691.

Methyl (Z)-2-(benzofuran-3-yl)-2-(2-cyclopropylhydrazineylidene)acetate (14ar) [Table 4,
entry 17]. Following to the general procedure, ethyl 2-(benzofuran-3-yl)-2-oxoacetate 70ar (207 mg,
0.948 mmol), cyclopropylhydrazine 67 (396 mg, 0.948 mmol) and pyridine (153 pL, 1.90 mmol)
were used and the reaction time was 3 h. 14ar (79.0 mg, 31%) was obtained as a yellow oil after
purification by Biotage Isolera® (hexane/EtOAc); '"H-NMR (400 MHz, CDCl;) § 10.79 (s, 1H), 8.25-
8.23 (m, 1H), 7.98 (s, 1H), 7.47-7.45 (m, 1H), 7.33-7.25 (m, 2H), 4.35 (q, /= 7.2 Hz, 2H), 3.15-3.09
(m, 1H), 1.41 (t, J = 7.2 Hz, 3H), 0.88-0.83 (m, 4H); *C-NMR (100 MHz, CDCls) & 163.2, 154.9,
143.0, 126.2, 124.3, 123.3, 122.7, 120.1, 117.1, 111.0, 60.7, 31.9, 14.2, 6.2; HRMS (ESI) m/z calcd
for CisH1703N, [M+H]" 273.1234, found 273.1234.

Methyl (Z)-2-(2-cyclopropylhydrazineylidene)-2-(naphthalen-1-yl)acetate (14as) [Table 4, entry
18]. Following to the general procedure, ethyl 2-(naphthalen-1-yl)-2-oxoacetate 70as (175 mg, 0.815
mmol), cyclopropylhydrazine 67 (339 mg, 0.815 mmol) and pyridine (132 pL, 1.63 mmol) were used
and the reaction time was 22 h. 14as (60.3 mg, 28%) was obtained as a brown solid after purification
by Biotage Isolera®™ (hexane/EtOAc); Mp: 87-90 °C; 'H-NMR (400 MHz, CDCl;) § 10.84 (s, 1H),
7.85-7.81 (m, 2H), 7.76 (t, J = 4.4 Hz, 1H), 7.49-7.41 (m, 4H), 3.60 (d, J = 1.6 Hz, 3H), 3.09-3.03
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(m, 1H), 0.83-0.74 (m, 4H); *C-NMR (100 MHz, CDCL3) 5 164.5, 134.4, 133.7, 132.8, 128.3, 128.3,
127.8, 125.8, 125.5, 125.3, 125.3, 125.1, 51.3, 31.7, 6.4; HRMS (ESI) m/z caled for C1gH170:N,
[M+H]" 269.1285, found 269.1287.

General procedure for preparation of a-keto esters 70ak-70ap, 70as [Table 5]. To a solution of
ketone (1.0 eq.) in pyridine (¢ = 2.0 M) was added SeO; (1.5 eq.) and stirred at 100 °C under argon
overnight. The mixture was cooled in an ice bath and then MS4A and MeOH were added (1.8 eq.).
After the mixture was stirred for 10 min, SOCI; (5.0 eq.) was added slowly and stirred at room
temperature overnight. Then, 60% HCIlO4aq. (2.70 mL) and MeCN (27.3 mL) were poured into the
flask and stirred for 30 min. Excess acid was neutralized by saturated aqueous Na,COs and filtered
through Celite®™. Then, the aqueous phase was extracted with ethyl acetate three times. The combined
organic extracts were washed with brine, dried over MgSOy, filtered and evaporated. The residue was

purified by flash column chlomatography (hexane/EtOAc) to afford a-keto esters.

Methyl 4-(2-methoxy-2-oxoacetyl)benzoate (70ai) [Table 5, entry 1]. Following to the general
procedure using 4-methoxycarbonylacetophenone 71ai (1.78 g, 10.0 mmol), SeO, (1.66 g, 15.0
mmol), pyridine (5.00 mL), MS4A (60 mg), MeOH (7.50 mL), SOCIl; (3.75 mL), 60% HCIlO; aq.
(2.70 mL) and MeCN (27.3 mL), methyl 4-(2-methoxy-2-oxoacetyl)benzoate 70ai (242 mg, 11%)
was obtained as a white solid after purification by flash column chromatography (hexane/EtOAc);
Mp: 96-101 °C; 'H-NMR (400 MHz, CDCl3) 6 8.17 (d, J = 6.8 Hz, 2H), 8.11-8.09 (m, 2H), 4.00 (d,
J=2.0 Hz, 3H), 3.97 (d, J= 2.0 Hz, 3H); *C-NMR (100 MHz, CDCl3) § 185.2, 165.9, 163.3, 135.6,
135.4, 130.0, 129.9, 53.0, 52.6; HRMS (ESI) m/z caled for C11H;0OsNa [M+Na]" 245.0420, found
245.0423.

Methyl 2-ox0-2-(o-tolyl)acetate (70ak) [Table 5, entry 2]. Following to the general procedure using
2-methylacetophenone 71ak (1.34 g, 10.0 mmol), SeO, (1.66 g, 15.0 mmol), pyridine (5.00 mL),
MS4A (60 mg), MeOH (7.50 mL), SOCl (3.75 mL), 60% HClO4aq. (2.70 mL) and MeCN (27.3 mL),
methyl 2- methyl 2-oxo0-2-(o-tolyl)acetate 70ak (755 mg, 56%) was obtained after purification by
flash column chromatography (hexane/EtOAc); The spectral data were identical with those reported

in the literature. 3

Methyl 2-(2-methoxyphenyl)-2-oxoacetate (70al) [Table 5, entry 3]. Following to the general
procedure using 2-methoxyacetophenone 71al (751 mg, 5.00 mmol), SeO, (832 mg, 7.50 mmol),
pyridine (2.50 mL), MS4A (300 mg), MeOH (3.60 mL), SOCI; (1.89 mL), 60% HCIO4aq. (1.30 mL)
and MeCN (13.7 mL), methyl 2-(2-methoxyphenyl)-2-oxoacetate 70al (159 mg, 16%) was obtained
as a colorless oil after purification by flash column chromatography (hexane/EtOAc); '"H-NMR (400
MHz, CDCl3) 6 7.87 (d, J=7.6 Hz, 1H), 7.59 (t, /= 7.2 Hz, 1H), 7.08 (t, J= 7.2 Hz, 1H), 6.99 (d, J
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= 8.4 Hz, 1H), 3.91 (d, J = 2.4 Hz, 3H), 3.87 (d, J = 3.2 Hz, 3H); *C-NMR (100 MHz, CDCls) &
186.3, 165.6, 160.3, 136.4, 130.6, 122.7, 121.3, 112.0, 56.2, 52.4; HRMS (ESI) m/z calcd for C1oH104
[M+H]" 195.0652, found 195.0654.

Methyl 2-oxo0-2-(m-tolyl)acetate (70am) [Table 5, entry 4]. Following to the general procedure
using 3-methylacetophenone 71am (537 mg, 4.00 mmol), SeO, (666 mg, 6.00 mmol), pyridine (2.00
mL), MS4A (50 mg), MeOH (3.00 mL), SOCI; (1.5 mL), 60% HCIO4aq. (1.20 mL) and MeCN (12.1
mL), 3- methyl 2-ox0-2-(m-tolyl)acetate 70am (544 mg, 76%) was obtained after purification by flash
column chromatography (hexane/EtOAc); The spectral data were identical with those reported in the

literature. 3%

Methyl 2-(3-methoxyphenyl)-2-oxoacetate (70an) [Table 5, entry 5]. Following to the general
procedure using 3-methoxyacetophenone 71an (751 mg, 5.00 mmol), SeO, (832 mg, 7.50 mmol),
pyridine (2.50 mL), MS4A (300 mg), MeOH (3.60 mL), SOCl, (1.89 mL), 60% HClO4aq. (1.30 mL)
and MeCN (13.7 mL), methyl 2-(3-methoxyphenyl)-2-oxoacetate 70an (84.2 mg, 9%) was obtained
after purification by flash column chromatography (hexane/EtOAc); The spectral data were identical

with those reported in the literature. 8"

Methyl 2-(3-cyanophenyl)-2-oxoacetate (70ao) [Table 5, entry 6]. Following to the general
procedure using 3-cyanoacetophenone 70ao (728 mg, 5.00 mmol), SeO, (832 mg, 7.50 mmol),
pyridine (2.50 mL), MS4A (300 mg), MeOH (3.60 mL), SOCI; (1.89 mL), 60% HCIO4aq. (1.30 mL)
and MeCN (13.7 mL), methyl 2-(3-cyanophenyl)-2-oxoacetate 70ao (198 mg, 21%) was obtained as
a colorless oil after purification by flash column chromatography (hexane/EtOAc); '"H-NMR (400
MHz, CDCls) 6 8.38 (s, 1H), 8.31 (d, /= 8.4 Hz, 1H), 7.94 (d, J = 7.6 Hz, 1H), 7.70-7.66 (m, 1H),
4.02 (d, J = 1.6 Hz, 3H); >C-NMR (100 MHz, CDCl;) § 183.3, 162.5, 137.5, 133.9, 133.8, 133.4,
129.9, 117.4, 113.6, 53.3; HRMS (ESI) m/z caled for CioH;0sNNa [M+Na]" 212.0318, found
212.0321.

Methyl 2-(benzo|d][1,3]dioxol-5-yl)-2-0xo0acetate (70ap) [Table 5, entry 7]. Following to the
general procedure using 3,4-methylenedioxyacetophenone 71ap (1.64 g, 10.0 mmol), SeO, (1.66 g,
15.0 mmol), pyridine (5.00 mL), MS4A (60 mg), MeOH (7.50 mL), SOCl, (3.75 mL), 60% HCIlO4
aq. (2.70 mL) and MeCN (27.3 mL), methyl 2-(benzo[d][1,3]dioxol-5-yl)-2-oxoacetate 70ap (1.08 g,
52%) was obtained after purification by flash column chromatography (hexane/EtOAc); The spectral

data were identical with those reported in the literature. *?

Methyl 2-(naphthalen-1-yl)-2-oxoacetate (70as) [Table S, entry 8]. Following to the general
procedure using 1-acetonaphthone 71as (681 mg, 4.00 mmol), SeO, (666 mg, 6.00 mmol), pyridine
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(2.00 mL), MS4A (50 mg), MeOH (3.00 mL), SOCl, (1.50 mL), 60% HClO4aq. (1.20 mL) and MeCN
(12.1 mL), methyl 2-(naphthalen-1-yl)-2-oxoacetate 70as (594 mg, 69%) was obtained after
purification by flash column chromatography (hexane/EtOAc); The spectral data were identical with

those reported in the literature. ’

Methyl 2-oxo0-2-(thiophen-2-yl)acetate (70aq) [Scheme 41]. To a solution of thiopheneglyoxylic
acid 72 (625 mg, 4.00 mmol) in THF (20 mL) were added DBU (657 pL, 4.40 mmol) and Mel (1.20
mL, 20 mmol). The mixture was stirred at room temperature overnight, and then quenched with
saturated aqueous NH4Cl. The aqueous phase was extracted with Et,O three times and the combined
organic extracts were washed with brine, dried over MgSQOy, filtered and evaporated. Methyl 2-oxo-
2-(thiophen-2-yl)acetate 70aq (664 mg, 97%) was obtained after purification by flash column
chlomatography (hexane/EtOAc); The spectral data were identical with those reported in the

literature. 3%

Ethyl 2-(benzofuran-3-yl)acetate (74) [Scheme 42]. To a solution of coumaranone 73 (671 mg, 5.00
mmol) in toluene (50 mL) was added ethyl triphenylphosphoranylidene acetate (2.61 g, 7.50 mmol)
and stirred at reflux for 17 h. Then, the mixture was evaporated. Ethyl 2-(benzofuran-3-yl)acetate 74
(888 mg, 87%) was obtained after purification by flash column chromatography (hexane/EtOAc);

The spectral data were identical with those reported in the literature. **

Ethyl 2-(benzofuran-3-yl)-2-oxoacetate (70ar) [Scheme 42] To a solution of ethyl 2-(benzofuran-
3-yl)acetate 74 (888 mg, 4.35 mmol) in 1,4-dioxane (6.00 mL) was added SeO, (965 mg, 8.70 mmol)
and stirred at reflux for 4 h. Then, the resulting mixture was filtered through Celite® and the solution
was evaporated. Ethyl 2-(benzofuran-3-yl)-2-oxoacetate 70ar (682 mg, 72%) was obtained after
purification by flash column chromatography (hexane/EtOAc); The spectral data were identical with

those reported in the literature. **

4,4,5,5-Tetramethyl-2-(2-phenylcyclopropyl)-1,3,2-dioxaborolane (76) [Scheme 43]. Et,Zn (1M
in hexane, 8.69 mL, 8.69 mmol) was added to CH»Cl, (6.7 mL) at 0 °C. To the solution was added a
solution of TFA (0.67 mL) in CH>Cl; (6.7 mL) slowly. Then, the mixture was stirred at 0 °C for 30
min. Next, a solution of diiodomethane (700 pL, 8.69 mmol) in CH,Cl, (6.7 mL) was added and the
resulting reaction mixture was stirred for an additional 20 min at 0 °C. To the resulting solution was
added trans-2-phenylvinylboronic acid pinacol ester 75 in CH>Cl, (6.7 mL), and the mixture was
allowed to warm to room temperature and stirred for 12 h. Then, the mixture was quenched with
saturated aqueous NH4Cl and extracted with CHCl; three times. The collected organic layers were
washed with brine, dried over MgSOs, filtered and concentrated to afford crude cyclopropylboronate

76. The spectral data were identical with those reported in the literature. **
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(2-Phenylcyclopropyl)boronic acid (77) [Scheme 43]. To a solution of the crude
cyclopropylboronate 76 in THF/H,O (4:1, 25 mL) was added NalO4 (1.28 g, 6.00 mmol) and stirred
at room temperature for 15 min. Then, 1.0 M HCl aq. (5.1 mL) was added to the mixture and stirred
for 14 h. The reaction mixture was diluted with water and extracted with EtOAc three times. The
collected organic layers were washed with brine, dried over Na,SO4 and concentrated to afford crude
cyclopropylboronic acid 77. The spectral data were identical with those reported in the literature. >*
The residue was dissolved in DMF (5.0 mL).

Di-tert-butyl 1-(2-phenylcyclopropyl)hydrazine-1,2-dicarboxylate (78) [Scheme 43]. To the crude
cyclopropylboronic acid 77 (736 mg) were added di-fert-butyl azodicarboxylate (523 mg, 2.27 mmol)
and Cu(OAc); (41.0 mg, 0.23 mmol). The mixture was stirred at 80 °C for 15 h, and then cooled to
0 °C and diluted with water and Et,O. The organic layer was collected and washed with water and
brine. The resulting solution was dried over MgSOQ,, filtered and concentrated. The residue was
purified by flash column chromatography (hexane/EtOAc) to afford di-tert-butyl 1-(2-
phenylcyclopropyl)hydrazine-1,2-dicarboxylate 78 as a yellow oil (357 mg, 24% from 75); 'H-NMR
(400 MHz, CDCl3, mixture of rotamers) & 7.26-7.24 (m, 2H), 7.18-7.12 (m, 3H), 6.43 (s, 0.7H), 6.16
(s, 0.2H), 3.13 (s, 0.6H), 3.05 (s, 0.08H), 2.28 (s, 1H), 1.46 (d, J = 16.0 Hz, 18H), 1.37 (s, 0.3H), 1.19
(s, 0.9H); *C-NMR (100 MHz, CDCl3) § 155.7, 140.6, 128.2, 126.5, 125.9, 81.5, 81.2, 41.0, 28.2,
28.2, 16.3; Two carbon peak could not be detected probably due to overlapping; HRMS (ESI) m/z
calcd for C1oH2304N;Na [M+Na]" 371.1941, found 371.1943.

N-(2-Phenyl)cyclopropylhydrazine tosylate (79) [Scheme 43]. To a solution of di-tert-butyl 1-(2-
phenylcyclopropyl)hydrazine-1,2-dicarboxylate 78 (5.75 g, 21.0 mmol) in MeCN (105 mL) was
added p-toluenesulfonic acid (16.0 g, 84.0 mmol). The mixture was stirred at 60 °C for 1 h, and then
cooled to room temperature, filtered with KIRIYAMA funnel to afford N-(2-phenyl)cyclopropyl
hydrazinetosylate 79 (206 mg, 64%) as a white solid; Mp: 148 °C (decomp.); '"H-NMR (400 MHz,
DMSO-ds) 6 9.51-8.66 (m, 2H), 7.49-7.47 (m, 2H), 7.27-7.23 (m, 2H), 7.17-7.08 (m, 5H), 2.67 (s,
1H), 2.28 (s, 3H), 2.11 (s, 1H), 1.17-1.09 (m, 2H); *C-NMR (100 MHz, DMSO-ds) § 145.5, 140.5,
137.8, 128.2, 128.2, 126.1, 125.8, 125.5, 40.4, 23.5, 20.8, 15.5; HRMS (ESI) m/z calcd for CoHi3N>
[M+H]" 149.1073, found 149.1074.

Ethyl (Z2)-2-phenyl-2-(2-(2-phenylcyclopropyl)hydrazineylidene)acetate (14at) [Scheme 43]. To
a solution of ethyl benzoylformate 70ac (114 mg, 0.640 mmol) in MeOH (6.4 mL), were added
cyclopropylhydrazine 79 (315 mg, 0.983 mmol) and pyridine (103 pL, 1.28 mmol). The mixture was
stirred at room temperature for 13 h, and then evaporated. The crude product was purified by flash

column chlomatography (hexane/EtOAc) to afford cyclopropylhydrazone 14at (94 mg, 48%) as a
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colorless oil; "H-NMR (400 MHz, CDCls) § 10.80 (s, 1H), 7.56-7.53 (m, 2H), 7.35-7.24 (m, 5H),
7.20-7.16 (m, 1H), 7.12-7.09 (m, 2H), 4.29 (q, J = 6.8 Hz, 2H), 3.25-3.21 (m, 1H), 2.32-2.27 (m, 1H),
1.60-1.55 (m, 1H), 1.32 (t, J= 6.8 Hz, 3H), 1.29-1.26 (m, 1H); *C-NMR (100 MHz, CDCl3) § 163.6,
140.8, 137.0, 128.4, 128.3, 127.8, 127.0, 126.5, 126.0, 125.9, 60.5, 41.8, 24.7, 15.4, 14.2; HRMS
(ESI) m/z caled for C1oH 0N, [M+H]" 309.1598, found 309.1598.

Methyl (E)-2-(2-cyclopropylhydrazineylidene)acetate (14au) [Scheme 44]. To a solution of
commercially available methyl 2-hydroxy-2-methoxy acetate 84 (100 mg, 0.831 mmol) in MeOH
(3.00 mL) were added cyclopropylhydrazine 67 (346 mg, 0.831 mmol) and AcONa (136 mg, 1.66
mmol). The mixture was stirred at room temperature for 3 h. The mixture was evaporated and
extracted with CHCl; three times. Then, the mixture was dried over MgSOQsy, filtered and evaporated.
Methyl (E)-2-(2-cyclopropylhydrazineylidene)acetate 14au (84.2 mg, 65%) was obtained as a yellow
oil after purification by Biotage Isolera®™ (hexane/EtOAc); 'H-NMR (400 MHz, CDCl3) § 7.16 (s, 1H),
6.75 (s, 1H), 3.82 (s, 3H), 2.49-2.46 (m, 1H), 0.87-0.82 (m, 2H), 0.65-0.61 (m, 2H); *C-NMR (100
MHz, CDCl3) 6 165.3, 122.5, 51.8, 26.5, 6.4; HRMS (ESI) m/z caled for C¢H11O,N> [M+H]" 143.0815,
found 143.0815.

General procedure for preparation of cyclopropylhydrazones [Table 6]. To a solution of a-keto
esters in MeOH were added cyclopropylhydrazine 67 (1.0 eq.) and pyridine (2.0 eq.). The mixture
was stirred at room temperature for several hours and then evaporated. The crude product was purified

by column chromatography to afford cyclopropylhydrazones 14av-az, 14ba-bc, 14ca.

Ethyl (E)-2-(2-cyclopropylhydrazinylidene)propanoate (14av) [Table 6, entry 1]. Following to
the general procedure, commercially available ethyl pyruvate 8lav (116 mg, 1.00 mmol),
cyclopropylhydrazine 67 (416 mg, 1.00 mmol) and pyridine (161 pL, 2.00 mmol) were used and the
reaction time was 9 h. 14av (150 mg, 88%) was obtained as a white solid after purification by Biotage
Isolera® (hexane/EtOAc); Mp: 54-58 °C; '"H NMR (600 MHz, CDCl;) § 5.92 (s, 1H), 4.31 (q, J=5.2
Hz, 2H), 3.09-2.87 (m, 1H), 1.91 (s, 3H), 1.36 (t, J = 5.2 Hz, 3H), 0.82-0.68 (m, 4H); *C NMR (150
MHz, CDCl3) 6 165.1, 132.6, 61.1, 31.3, 14.5, 10.2, 6.8; HRMS (ESI) m/z calcd for CsHisO2N
[M+H]" 171.1128, found 171.1127.

Methyl (E)-2-(2-cyclopropylhydrazinylidene)-3-phenylpropanoate (14aw) [Table 6, entry 2].
Following to the general procedure, methyl-2-oxo0-3-phenylpropanoate 81aw (125 mg, 0.701 mmol),
cyclopropylhydrazine 67 (291 mg, 0.699 mmol) and pyridine (113 pL, 1.40 mmol) were used and the
reaction time was 4 h. 14aw (65.7 mg, 40%) was obtained as a colorless oil after purification by
Biotage Isolera® (hexane/EtOAc); '"H-NMR (400 MHz, CDCl3) § 7.29 (t, J = 7.2 Hz, 2H), 7.24-7.20
(m, 1H), 7.15 (d, J = 7.2 Hz, 2H), 6.20 (s, 1H), 3.85 (s, 3H), 3.84 (s, 2H), 2.89-2.83 (m, 1H), 0.69-

107



0.64 (m, 2H), 0.55-0.51 (m, 2H); *C-NMR (100 MHz, CDCls) § 165.7, 135.0, 133.2, 128.9, 127.8,
126.8, 52.4, 31.3, 30.8, 6.6; HRMS (ESI) m/z caled for Ci3Hi70.N, [M+H]® 233.1285, found
233.1285.

Ethyl (Z2)-2-cyclopentyl-2-(2-cyclopropylhydrazineylidene)acetate (14ax) [Table 6, entry 3].
Following to the general procedure, ethyl-2-cyclopentyl-2-oxo acetate 81ax (170 mg, 1.00 mmol),
cyclopropylhydrazine 67 (416 mg, 1.00 mmol) and pyridine (161 pL, 2.00 mmol) were used and the
reaction time was 7 h. 14ax (110 mg, 49%) was obtained as a colorless oil after purification by Biotage
Isolera®™ (hexane/EtOAc); 'H-NMR (400 MHz, CDCls) § 10.05 (s, 1H), 4.19 (q, J=7.2 Hz, 2H), 2.99-
2.91 (m, 1H), 2.89-2.84 (m, 1H), 1.82-1.77 (m, 2H), 1.69-1.54 (m, 6H), 1.30 (t, /= 7.2 Hz, 3H), 0.68-
0.66 (m, 4H); *C-NMR (100 MHz, CDCl3) § 163.7, 129.5, 59.8, 42.6, 31.3, 31.0, 25.3, 14.2, 5.9;
HRMS (ESI) m/z calcd for C12H210,N, [M+H]™ 225.1598, found 225.1599.

Methyl (Z)-2-(2-cyclopropylhydrazinylidene)-2-tert-butylacetate (14ay) [Table 6, entry 4].
Following to the general procedure, methyl 2-oxo-2-tert-butyl acetate 81ay (132 mg, 0.915 mmol),
cyclopropylhydrazine 67 (383 mg, 0.915 mmol) and pyridine (149 pL, 1.84 mmol) were used and the
reaction time was 4 h. 14ay (97.3 mg, 53%) was obtained as a colorless oil after purification by
Biotage Isolera®™ (hexane/EtOAc); 'H-NMR (400 MHz, CDCl;) § 9.51 (s, 1H), 3.76 (s, 3H), 2.87-2.82
(m, 1H), 1.18 (s, 9H), 0.69-0.64 (m, 4H); *C-NMR (100 MHz, CDCl;) & 164.3, 133.9, 50.6, 36.3,
31.4,29.0, 5.7; HRMS (ESI) m/z caled for C1oH1902N; [M+H]" 199.1441, found 199.1442.

(E)-3-(2-Cyclopropylhydrazineylidene)-4,4-dimethyldihydrofuran-2(3H)-one (14az) [Table 6,
entry 5]. Following to the general procedure, commercially available 2-keto pantoyl lactone 81az
(100 mg, 0.780 mmol), cyclopropylhydrazine 67 (325 mg, 0.780 mmol) and pyridine (126 pL, 1.56
mmol) were used and the reaction time was 2 h. Hydrazone 14az (95.0 mg, 67%) was obtained as a
white solid after purification by Biotage Isolera® (hexane/EtOAc); Mp: 96 °C (decomp.); 'H-NMR
(400 MHz, CDCl3) 8 6.68 (s, 1H), 4.01 (s, 2H), 3.00-2.95 (m, 1H), 1.40 (s, 6H), 0.78-0.73 (m, 4H);
BC-NMR (100 MHz, CDCls) § 167.3, 133.7, 77.6, 37.2, 31.9, 22.6, 6.8; HRMS (ESI) m/z calcd for
CoHi50:N, [M+H]" 183.1128, found 183.1128.

2-(2-Cyclopropylhydrazineylidene)-1,2-diphenylethan-1-one (14ba) [Table 6, entry 6].
Following to the general procedure, commercially available benzil 81ba (147 mg, 0.699 mmol),
cyclopropylhydrazine 67 (291 mg, 0.699 mmol) and pyridine (113 pL, 1.40 mmol) were used and the
reaction time was 2 h. 14ba (dr=3.2 : 1, 62.7 mg, 24%) was obtained as a yellow oil after purification
by Biotage Isolera® (hexane/EtOAc); 'H-NMR (400 MHz, CDCl5) § 10.98 (s, 1H), 8.01-7.97 (m, 6H),
7.53-7.49 (m, 12H), 7.46-7.38 (m, 10H), 7.28-7.25 (m, 10H), 7.24-7.18 (m, 2H), 6.67 (s, 3H), 3.11-
3.06 (m, 1H), 2.89-2.84 (m, 3H), 0.87-0.77 (m, 4H), 0.71-0.67 (m, 12H); *C-NMR (100 MHz,
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CDCls) 6 190.7, 141.3, 138.5, 131.9, 131.2, 130.6, 130.5, 129.9, 129.3, 129.2, 129.0, 128.1, 127.9,
127.6, 127.0, 32.3, 31.5, 6.4, 6.3; Five carbon peaks of diastereomers could not be detected probably
due to overlapping; HRMS (ESI) (E/Z mixture) m/z caled for C1;H;;ON, [M+H]" 265.1335, found
265.1336.

(E)-2-(2-Cyclopropylhydrazineylidene)-1-phenylpropan-1-one (14bb) [Table 6, entry 7].
Following to the general procedure, commercially available 1-phenyl-1,2-propanedione 81bb (104
mg, 0.700 mmol), cyclopropylhydrazine 67 (291 mg, 0.700 mmol) and pyridine (161 pL, 1.40 mmol)
were used and the reaction time was 10 h. 14bb (97.9 mg, 69%) was obtained as a yellow solid after
purification by Biotage Isolera® (hexane/EtOAc); Mp: 60 °C (decomp.); 'H-NMR (400 MHz, CDCl;)
6 7.89 (d, J = 6.8 Hz, 2H), 7.49-7.46 (m, 1H), 7.39 (t, J = 7.2 Hz, 2H), 6.21 (s, 1H), 2.95-2.90 (m,
1H), 1.98 (s, 3H), 0.74-0.71 (m, 4H); *C-NMR (100 MHz, CDCl3) § 191.4, 139.9, 137.9, 131.1,
130.6, 127.5,31.5, 8.8, 6.5; HRMS (ESI) m/z calcd for C1,H;sON, [M+H]" 203.1179, found 203.1180.

(1R,4S5)-3-(2-Cyclopropylhydrazineylidene)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-one  (14bc)
[Table 6, entry 8]. Following to the general procedure, commercially available camphorquinone 81bc
(166 mg, 1.00 mmol), cyclopropylhydrazine 67 (416 mg, 1.00 mmol) and pyridine (161 pL, 2.00
mmol) were used and the reaction time was 9 h. 14be (E/Z = 100:7, 40.6 mg, 18%) was obtained as
a white solid after purification by Biotage Isolera™ (hexane/EtOAc); Mp: 87-93 °C; 'H-NMR (400
MHz, CDCIl3) 6 5.91 (s, 1H), 2.90-2.84 (m, 1H), 2.66 (d, J=4.4 Hz, 1H), 2.48 (d, /J=4.4 Hz, 0.07H),
1.97-1.89 (m, 1H), 1.75-1.68 (m, 1H), 1.54-1.47 (m, 1H), 1.42-1.34 (m, 1H), 0.99 (s, 3H), 0.94 (s,
3H), 0.89-0.91 (s, 0.19H), 0.83 (s, 3H), 0.69-0.64 (m, 4H); *C-NMR (100 MHz, CDCls) & 204.1,
203.5, 146.5, 141.7, 59.3, 57.8, 50.7, 47.7, 45.7, 45.3, 31.4, 31.1, 30.9, 30.1, 26.0, 23.6, 20.4, 18.5,
18.1,9.1, 8.7, 6.9, 6.7, 6.3, 6.2; One carbon peak could not be detected probably due to overlapping;
HRMS (ESI) m/z caled for C13HON, [M+H]" 221.1648, found 221.1648.

(E)-2-(2-Cyclopropylhydrazineylidene)-2-(4-nitrophenyl)-1-(piperidin-1-yl)ethan-1-one (14ca)
[Table 6, entry 9]. To a solution of 1-(4-nitrophenyl)-2-(piperidin-1-yl)ethane-1,2-dione 81ca (127
mg, 0.569 mmol) in EtOH (5.70 mL), cyclopropylhydrazine 67 (237 mg, 0.569 mmol) and pyridine
(92.0 puL, 1.14 mmol) were added. The mixture was stirred at room temperature for 12 h, then heated
70 °C and stirred overnight. The mixture was evaporated. Hydrazone 14ca (61.4 mg, 34%) was
obtained as a yellow solid after purification by Biotage Isolera® (hexane/EtOAc); Mp: 99 °C
(decomp.); '"H-NMR (400 MHz, CDCl3) § 8.19 (d, J=9.2 Hz, 2H), 7.68 (d, J= 11.2 Hz, 2H), 6.53 (s,
1H), 3.73 (s, 2H), 3.18 (t, J = 5.6 Hz, 2H), 2.95-2.89 (m, 1H), 1.66 (s, 4H), 1.42 (s, 2H), 0.76-0.67
(m, 4H); C-NMR (100 MHz, CDCl3) § 163.1, 146.9, 140.7, 136.9, 125.1, 124.0, 47.2, 42.2, 31.5,
26.8,25.7,24.3, 6.4; HRMS (ESI) m/z caled for Ci6H2103N4 [M+H]" 317.1608, found 317.1607.
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Methyl-2-ox0-3-phenylpropanoate (81aw) [Table 7, entry 1]. To a solution of phenylpyruvic acid
82aw (657 mg, 4.00 mmol) in THF (20 mL) were added DBU (657 uL, 4.40 mmol) and Mel (1.20
mL, 20 mmol). The mixture was stirred at room temperature overnight, and then quenched with
saturated aqueous NH4Cl. The aqueous phase was extracted with Et,O three times and the combined
organic extracts were washed with brine, dried over MgSOQy, filtered and evaporated. Methyl-2-oxo-
3-phenylpropanoate 81law (342 mg, 48%) was obtained as a yellow oil after purification by flash
column chlomatography (hexane/EtOAc); '"H-NMR (400 MHz, CDCl;) & 7.76 (d, J = 8.0 Hz, 2H),
7.37 (t, J= 6.6 Hz, 2H), 7.29-7.25 (m, 1H), 6.53 (s, 1H), 6.45 (s, 1H), 3.92 (d, J = 1.6 Hz, 3H); "*C-
NMR (100 MHz, CDCI3) & 166.7, 139.0, 134.0, 129.9, 128.5, 128.0, 111.2, 53.3; HRMS (ESI) m/z
caled for C1oH;105 [M+H]" 179.0703, found 179.0703.

Methyl 2-oxo-2-tert-butylacetate (81ay) [Table 7, entry 2]. To a solution of 3,3-dimethyl-2-
oxobutanoic acid 82ay (1.30 g, 10.0 mmol) in THF (50 mL) were added DBU (1.64 mL, 11.0 mmol)
and Mel (3.11 mL, 50.0 mmol). The mixture was stirred at room temperature overnight, and then
quenched with saturated aqueous NH4Cl. The aqueous phase was extracted with Et,0O three times and
the combined organic extracts were washed with brine, dried over MgSQa, filtered and evaporated.
Methyl 2-oxo-2-tert-butylacetate 8lay (1.54 g, quant.) was obtained after purification by flash
column chlomatography (hexane/EtOAc); The spectral data were identical with those reported in the

literature. %

Ethyl-2-cyclopentyl-2-oxoacetate (81ax) [Scheme 45]. To a solution of diethyloxalate (466 uL, 3.00
mmol) in THF (5.00 mL), was added cyclopropylmagnesium bromide 83 solution in THF (3.00 mL,
3.00 mmol). The mixture was stirred at —78 °C. Then, the mixture warmed up to —10 °C and
quenched with saturated aqueous NH4Cl. The aqueous phase was extracted with Et,O three times and
the combined organic extracts were dried over Na,SOy, filtered and evaporated. Ethyl-2-cyclopentyl-
2-oxo acetate 81ax (245 mg, 48%) was obtained as a colorless oil after purification by flash column
chlomatography (hexane/EtOAc); '"H-NMR (400 MHz, CDCl;) & 4.36-4.30 (m, 2H), 3.54-3.46 (m,
1H), 1.90-1.81 (m, 4H), 1.65-1.64 (m, 4H), 1.39-1.35 (m, 3H); *C-NMR (100 MHz, CDCl5) § 196.7,
161.9, 62.2,47.4, 28.3, 26.0, 14.0; HRMS (ESI) m/z calcd for CoH1403Na [M+Na]" 193.0835, found
193.0837.

1-(4-Nitrophenyl)-2-(piperidin-1-yl)ethane-1,2-dione (81ca) [Scheme 46]. To a solution of 4-
nitroacetophenone 84 (330 mg, 2.00 mmol) in toluene (5.0 mL) were added piperidine (218 pL, 2.20
mmol) and Cul (38.0 mg, 0.200 mmol). The mixture was stirred at 65 °C under O, for 5 h. After H,O
was added into the resulting mixture, the aqueous phase was extracted with EtOAc three times and
the combined organic extracts were washed with brine, dried over MgSQa, filtered and evaporated.

1-(4-nitrophenyl)-2-(piperidin-1-yl)ethane-1,2-dione 8lca (286 mg, 55%) was obtained after
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purification by flash column chromatography (hexane/EtOAc); The spectral data were identical with

those reported in the literature. >"

General Procedure for ring opening reaction of N-cyclopropylhydrazones [Scheme 47]. N-
cyclopropylhydrazone (1.0 eq.), Pd(OAc); (0.10 eq.) and MS4A were dissolved in -~AmylOH (c =
0.10 M). The mixture was stirred at reflux for 5-28 h. Then, the mixture was cooled to room
temperature, filtered through Celite® and evaporated. The residue was purified by PTLC to afford

pyrazole.

Methyl 2-phenyl-2-(1H-pyrazole-lyl)acetate (16ab) [Scheme 47]. Following to the general
procedure, hydrazone 14ab (32.2 mg, 0.148 mmol), Pd(OAc), (3.3 mg, 0.015 mmol) and MS4A (100
mg) were used and the reaction time was 23 h. Pyrazole 16ab (20.2 mg, 64%) was obtained as a
yellow oil after purification by PTLC (hexane/EtOAc =7 : 3); 'H-NMR (400 MHz, CDCls) & 7.57 (d,
J=1.6 Hz, 1H), 7.42-7.37 (m, 6H), 6.26 (t,J=2.0 Hz, 1H), 6.23 (s, 1H), 3.80 (s, 3H); *C-NMR (100
MHz, CDCls) 6 169.4, 139.9, 133.8, 129.4, 129.2, 129.2, 128.4, 106.1, 67.8, 52.9; HRMS (ESI) m/z
caled for C1oH 30N, [M+H]" 217.0972, found 217.0973.

Ethyl 2-phenyl-2-(1H-pyrazole-lyl)acetate (16ac) [Scheme 47]. Following to the general
procedure, 14ac (22.8 mg, 0.0982 mmol), Pd(OAc): (2.2 mg, 0.0098 mmol) and MS4A (86.0 mg)
were used and the reaction time was 7 h. Pyrazole 16ac (12.5 mg, 55%) was obtained as a yellow
solid after purification by PTLC (hexane/EtOAc =3 : 1);

Following to the general procedure, 14ac’ (21.0 mg, 0.0904 mmol), Pd(OAc), (2.0 mg, 0.0090 mmol)
and MS4A (79.0 mg) were used and the reaction time was 6 h. 16ac (11.1 mg, 54%) was obtained as
a yellow solid after purification by PTLC (hexane/EtOAc =3 : 1); Mp: 43-47 °C; 'H-NMR (400 MHz,
CDCl3) 6 7.57 (d,J=2.0 Hz, 1H), 7.40-7.38 (m, 6H), 6.26 (t,/=2.4 Hz, 1H), 6.21 (s, 1H), 4.33-4.20
(m, 2H), 1.26 (t, J= 7.2 Hz, 3H); *C-NMR (100 MHz, CDCl;) & 169.0, 139.8, 134.0, 129.3, 129.2,
129.1,128.4,106.0, 67.9, 62.1, 14.0; HRMS (ESI) m/z caled for C13H;50,N, [M+H]" 231.1128, found
231.1130.

Ethyl 2-(4-methoxyphenyl)-2-(1H-pyrazole-lyl)acetate (16ad) [Scheme 47]. Following to the
general procedure, hydrazone 14ad (34.2 mg, 0.130 mmol), Pd(OAc), (2.9 mg, 0.013 mmol) and
MS4A (100 mg) were used and the reaction time was 5 h. Pyrazole 16ad (15.8 mg, 47%) was obtained
as a yellow oil after purification by PTLC (hexane/EtOAc = 7 : 3); '"H-NMR (400 MHz, CDCl;) &
7.57 (d, J=1.2 Hz, 1H), 7.36-7.33 (m, 3H), 6.95-6.92 (m, 2H), 6.25 (t, /= 1.6 Hz, 1H), 6.15 (s, 1H),
4.33-4.20 (m, 2H), 3.82 (s, 3H), 1.26 (t,J=7.2 Hz, 3H); *C-NMR (100 MHz, CDCl3) § 169.2, 160.3,
139.8, 129.9, 129.1, 125.8, 114.5, 105.9, 67.3, 62.0, 55.3, 14.0; HRMS (ESI) m/z calcd for
C14H1703N; [M+H]" 261.1234, found 261.1232.
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Ethyl 2-(4-methylphenyl)-2-(1H-pyrazole-lyl)acetate (16ae) [Scheme 47]. Following to the
general procedure, hydrazone 14ae (35.4 mg, 0.140 mmol), Pd(OAc), (3.2 mg, 0.014 mmol) and
MS4A (100 mg) were used and the reaction time was 24 h. Pyrazole 16ae (22.4 mg, 64%) was
obtained as a yellow oil after purification by PTLC (hexane/EtOAc = 7 : 3); 'H-NMR (400 MHz,
CDCl3) 8 7.57 (d, J= 1.6 Hz, 1H), 7.37 (d, J = 2.0 Hz, 1H), 7.31-7.28 (m, 2H), 7.22 (d, J = 8.4 Hz,
2H), 6.25 (t, J= 1.6 Hz, 1H), 6.18 (s, 1H), 4.34-4.20 (m, 2H), 2.37 (s, 3H), 1.26 (t, J= 7.2 Hz, 3H);
BC-NMR (100 MHz, CDCl3) & 169.1, 139.8, 139.3, 130.8, 129.8, 129.1, 128.4, 105.9, 67.6, 62.0,
21.2, 14.0; HRMS (ESI) m/z caled for C14H70.N, [M+H]" 245.1285, found 245.1284.

Ethyl 2-(4-fluorophenyl)-2-(1H-pyrazole-lyl)acetate (16af) [Scheme 47]. Following to the general
procedure, hydrazone 14af (32.0 mg, 0.128 mmol), Pd(OAc), (2.9 mg, 0.013 mmol) and MS4A (100
mg) were used and the reaction time was 6 h. Pyrazole 16af (18.5 mg, 58%) was obtained as a yellow
oil after purification by PTLC (hexane/EtOAc = 7 : 3); 'H-NMR (400 MHz, CDCl;) & 7.58 (d, J =
2.0 Hz, 1H), 7.42-7.37 (m, 3H), 7.13-7.08 (m, 2H), 6.29 (t, /= 2.4 Hz, 1H), 6.19 (s, 1H), 4.34-4.21
(m, 2H), 1.27 (t, J = 7.2 Hz, 3H); “C-NMR (100 MHz, CDCl;) & 168.8, 163.1 (d, Jc.r = 249.5 Hz),
140.0, 130.3 (d, Je.c.c.r = 8.67 Hz), 129.9 (d, Je-c.c.c.r = 2.89 Hz), 129.1, 116.2 (d, Jc.c.r = 22.2 Hz),
106.2, 67.1, 62.2, 14.0; F NMR (376 MHz, CDCl;) § -111.7; HRMS (ESI) m/z calcd for
C13H140oN,F [M+H]" 249.1034, found 249.1035.

Ethyl 2-(4-chlorophenyl)-2-(1H-pyrazole-lyl)acetate (16ag) [Scheme 47]. Following to the
general procedure, hydrazone 14ag (37.9 mg, 0.142 mmol), Pd(OAc), (3.2 mg, 0.014 mmol) and
MS4A (100 mg) were used and the reaction time was 12 h. Pyrazole 16ag (26.9 mg, 72%) was
obtained as a yellow oil after purification by PTLC (hexane/EtOAc = 7 : 3); '"H-NMR (400 MHz,
CDCl;) 6 7.58 (d, J=2.0 Hz, 1H), 7.44 (d, J = 2.4 Hz, 1H), 7.40-7.38 (m, 2H), 7.34-7.32 (m, 2H),
6.29 (t, J = 2.4 Hz, 1H), 6.17 (s, 1H), 4.34-4.21 (m, 2H), 1.27 (t, J = 7.2 Hz, 3H); *C-NMR (100
MHz, CDCl3) 8 168.5, 140.0, 135.4, 132.6, 129.7, 129.3, 129.2, 106.3, 67.1, 62.3, 14.0; HRMS (ESI)
m/z caled for C13H140,N2*°C1 [M+H]" 265.0738, found 265.0738, C13H40,N,>’Cl [M+H]* 267.0709,
found 267.0708.

Ethyl 2-(4-bromophenyl)-2-(1H-pyrazole-lyl)acetate (16ah) [Scheme 47]. Following to the
general procedure, hydrazone 14ah (40.6 mg, 0.130 mmol), Pd(OAc), (2.9 mg, 0.013 mmol) and
MS4A (100 mg) were used and the reaction time was 24 h. Pyrazole 16ah (3.5 mg, 9%) was obtained
as a yellow oil after purification by PTLC (hexane/EtOAc = 7 : 3); '"H-NMR (400 MHz, CDCl;) &
7.56-7.52 (m, 3H), 7.43 (d, J=2.8 Hz, 1H), 7.26-7.24 (m, 2H), 6.28 (t, /= 2.0 Hz, 1H), 6.14 (s, 1H),
4.33-4.20 (m, 2H), 1.26 (t,J= 6.8 Hz, 3H); >*C-NMR (100 MHz, CDCl;) § 168.5, 140.0, 133.1, 132.3,
129.9, 129.2, 123.6, 106.3, 67.2, 62.3, 14.0; HRMS (ESI) m/z calcd for Ci3H140,N,”’Br [M+H]"
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309.0233, found 309.0232, Ci3H140,N,*'Br [M+H]"311.0213, found 311.0211.

Methyl 2-(4-methoxycarbonylphenyl)-2-(1H-pyrazole-1lyl)acetate (16ai) [Scheme 47]. Following
to the general procedure, hydrazone 14ai (26.6 mg, 0.0962 mmol), Pd(OAc), (2.3 mg, 0.010 mmol)
and MS4A (82.0 mg) were used and the reaction time was 24 h. Pyrazole 16ai (15.9 mg, 60%) was
obtained as a colorless oil after purification by PTLC (hexane/EtOAc = 7 : 3); 'H-NMR (400 MHz,
CDCls) 6 8.09-8.07 (m, 2H), 7.59 (s, 1H), 7.47-7.44 (m, 3H), 6.31 (d, J = 0.8 Hz, 1H), 6.29 (s, 1H),
3.93 (s, 3H), 3.83 (t, J = 0.8 Hz, 3H); >*C-NMR (100 MHz, CDCl;) & 168.8, 166.3, 140.1, 138.7,
131.0, 130.3, 129.4, 128.3, 106.5, 67.4, 53.1, 52.3; HRMS (ESI) m/z caled for C14H;504N, [M+H]"
275.1026, found 275.1025.

Ethyl 2-(4-cyanophenyl)-2-(1H-pyrazole-lyl)acetate (16aj) [Scheme 47]. Following to the general
procedure, hydrazone 14aj (42.6 mg, 0.165 mmol), Pd(OAc), (3.7 mg, 0.017 mmol) and MS4A (100
mg) were used and the reaction time was 24 h. Pyrazole 16aj (15.6 mg, 37%) was obtained as a yellow
oil after purification by PTLC (hexane/EtOAc = 7 : 3); 'H-NMR (400 MHz, CDCl;) § 7.70 (d, J =
8.0 Hz, 2H), 7.60 (d, J=2.0 Hz, 1H), 7.56 (d, /= 2.4 Hz, 1H), 7.47 (d, J= 8.0 Hz, 2H), 6.35 (t, J =
2.4 Hz, 1H), 6.25 (s, 1H), 4.37-4.25 (m, 2H), 1.29 (t, J = 7.2 Hz, 3H); “C-NMR (100 MHz, CDCl5)
6 167.7, 140.3, 139.5, 132.7, 129.5, 128.8, 118.1, 113.1, 106.8, 67.2, 62.6, 14.0; HRMS (ESI) m/z
calcd for C14H140,N; [M+H]" 256.1081, found 256.1081.

Methyl 2-(2-methylphenyl)-2-(1H-pyrazole-lyl)acetate (16ak) [Scheme 47]. Following to the
general procedure, hydrazone 14ak (20.2 mg, 0.0873 mmol), Pd(OAc), (2.0 mg, 0.0089 mmol) and
MS4A (74.0 mg) were used and the reaction time was 18 h. Pyrazole 16ak (11.7 mg, 58%) was
obtained as a white solid after purification by PTLC (hexane/EtOAc =7 : 3); Mp: 80-82 °C; '"H-NMR
(400 MHz, CDCl3) & 7.57 (t, J = 1.2 Hz, 1H), 7.34-7.23 (m, 4H), 7.17 (d, J = 2.4 Hz, 1H), 6.43 (s,
1H), 6.23 (t,J= 2.4 Hz, 1H), 3.80 (s, 3H), 2.24 (s, 3H); *C-NMR (100 MHz, CDCl;) § 170.1, 139.9,
138.0, 132.0, 131.3, 129.5, 129.1, 127.6, 126.6, 106.0, 65.0, 52.8, 19.1; HRMS (ESI) m/z calcd for
C13H150,:N; [M+H]" 231.1128, found 231.1126.

Methyl 2-(2-methoxyphenyl)-2-(1H-pyrazole-lyl)acetate (16al) [Scheme 47]. Following to the
general procedure, 14al (16.7 mg, 0.0673 mmol), Pd(OAc), (1.5 mg, 0.0067 mmol) and MS4A (60.0
mg) were used and the reaction time was 9 h. 16al (10.0 mg, 60%) was obtained as a yellow oil after
purification by PTLC (hexane/EtOAc = 7 : 3); '"H-NMR (400 MHz, CDCl;) § 7.57 (d, J = 1.6 Hz,
1H), 7.41-7.36 (m, 2H), 7.29-7.26 (m, 1H), 7.02-6.94 (m, 2H), 6.53 (s, 1H), 6.26 (t, /= 2.0 Hz, 1H),
3.84 (s, 3H), 3.78 (s, 3H); >*C-NMR (100 MHz, CDCl;) § 170.0, 157.0, 139.7, 130.7, 129.5, 129.2,
122.9,121.0,111.2,105.8, 62.6, 55.7, 52.8; HRMS (ESI) m/z calcd for C13H;s03N, [M+H]" 247.1077,
found 247.1075.
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Methyl 2-(3-methylphenyl)-2-(1H-pyrazole-1yl)acetate (16am) [Scheme 47]. Following to the
general procedure, hydrazone 14am (26.8 mg, 0.115 mmol), Pd(OAc), (2.6 mg, 0.012 mmol) and
MS4A (98.0 mg) were used and the reaction time was 9 h. Pyrazole 16am (10.3 mg, 39%) was
obtained as a yellow oil after purification by PTLC (hexane/EtOAc = 7 : 3); 'H-NMR (400 MHz,
CDCl3) & 7.58 (d, J=2.0 Hz, 1H), 7.39 (d, J= 2.4 Hz, 1H), 7.33-7.29 (m, 1H), 7.21 (t, /= 8.0 Hz,
3H), 6.27 (t,J = 2.4 Hz, 1H), 6.20 (s, 1H), 3.81 (s, 3H), 2.37 (s, 3H); >*C-NMR (100 MHz, CDCl;) &
169.6, 139.9, 139.1, 133.5, 130.2, 129.2, 129.1, 129.1, 125.4, 106.0, 67.8, 52.9, 21.4; HRMS (ESI)
m/z calcd for Ci3H;s0,N, [M+H]" 231.1128, found 231.1128.

Methyl 2-(3-methoxyphenyl)-2-(1H-pyrazole-1yl)acetate (16an) [Scheme 47]. Following to the
general procedure, hydrazone 14an (26.3 mg, 0.110 mmol), Pd(OAc), (2.4 mg, 0.011 mmol) and
MS4A (95.0 mg) were used and the reaction time was 6 h. Pyrazole 16an (16.1 mg, 62%) was
obtained as a yellow oil after purification by PTLC (hexane/EtOAc = 7 : 3); 'H-NMR (400 MHz,
CDCl3) 6 7.58 (d, /= 1.2 Hz, 1H), 7.43 (d, /= 2.0 Hz, 1H), 7.33 (t, /= 8.4 Hz, 1H), 6.99-6.92 (m,
3H), 6.28 (t,J = 2.0 Hz, 1H), 6.20 (s, 1H), 3.81 (s, 1H), 3.80 (s, 1H); *C-NMR (100 MHz, CDCl5) &
169.3, 160.1, 139.9, 135.1, 130.2, 129.3, 120.5, 114.8, 114.2, 106.1, 67.7, 55.3, 52.9; HRMS (ESI)
m/z calcd for Ci3H 503N, [M+H]" 247.1077, found 247.1076.

Methyl 2-(3-cyanophenyl)-2-(1H-pyrazole-lyl)acetate (16ao) [Scheme 47]. Following to the
general procedure, hydrazone 14ao (48.0 mg, 0.200 mmol), Pd(OAc), (4.5 mg, 0.020 mmol) and
MS4A (168 mg) were used and the reaction time was 24 h. Pyrazole 16ao (32.1 mg, 68%) was
obtained as a yellow solid after purification by PTLC (hexane/EtOAc = 7 : 3); Mp: 101-103 °C; 'H-
NMR (400 MHz, CDCls) 6 7.70-7.51 (m, 6H), 6.35 (d, J= 2.0 Hz, 1H), 6.23 (s, 1H), 3.85 (s, 3H);
BC-NMR (100 MHz, CDCl3) § 168.2, 140.5, 136.1, 132.7, 132.4, 131.6, 129.9, 129.4, 118.0, 113 .4,
106.9, 66.8, 53.3; HRMS (ESI) m/z caled for C13H1,0.N3 [M+H]" 242.0924, found 242.0922.

Methyl 2-(3,4-methylenedioxyphenyl)-2-(1H-pyrazole-lyl)acetate (16ap) [Scheme 47]. N-
cyclopropylhydrazone 14ap (33.8 mg, 0.129 mmol), Pd(OAc): (2.9 mg, 0.013 mmol) and MS4A (110
mg) were dissolved in -~AmylOH (1.29 mL). The mixture was stirred at reflux for 19 h. Then the
mixture was transferred to sealed tube and stirred at 150 °C for 9 h. After the same work-up as general
procedure, pyrazole 16ap (11.0 mg, 33%) was obtained as a yellow solid after purification by PTLC
(hexane/EtOAc = 7 : 3); Mp: 49- 52 °C; "H-NMR (400 MHz, CDCl;) § 7.58 (d, J= 1.6 Hz, 1H), 7.42
(d, J=2.4 Hz, 1H), 6.90-6.88 (m, 2H), 6.84-6.82 (m, 1H), 6.28 (t, /= 2.4 Hz, 1H), 6.12 (s, 1H), 6.00
(s, 2H), 3.80 (s, 3H); *C-NMR (100 MHz, CDCl3) § 169.5, 148.5, 148.3, 140.0, 129.1, 127.2, 122.5,
108.8, 108.7, 106.0, 101.6, 67.4, 52.9; HRMS (ESI) m/z calcd for C13H1,04N,Na [M+Na]" 283.0689,
found 283.0687.
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Methyl 2-(1H-pyrazole-1yl)-2-(thiophen-2-yl)acetate (16aq) [Scheme 47]. Following to the
general procedure, hydrazone 14aq (25.5 mg, 0.114 mmol), Pd(OAc), (2.5 mg, 0.011 mmol) and
MS4A (97.0 mg) were used and the reaction time was 18 h. Pyrazole 16aq (18.8 mg, 74%) was
obtained as a yellow solid after purification by PTLC (hexane/EtOAc = 7 : 3); Mp: 41-45 °C; 'H-
NMR (400 MHz, CDCIl3) é 7.58 (d, J = 1.6 Hz, 1H), 7.51 (d, /= 2.4 Hz, 1H), 7.40 (dd, /= 5.2, 0.8
Hz 1H), 7.19-7.18 (m, 1H), 7.04 (dd, J= 5.2, 3.6 Hz, 1H), 6.44 (s, 1H), 6.30 (t, /J=2.0 Hz, 1H), 3.83
(s, 3H); *C-NMR (100 MHz, CDCl3) & 168.6, 140.1, 135.1, 129.0, 128.5, 127.7, 127.1, 106.3, 62.9,
53.2; HRMS (ESI) m/z caled for C1oH;102N,S [M+H]" 223.0536, found 223.0533.

Ethyl 2-(benzofuran-3-yl)-2-(1H-pyrazole-lyl)acetate (16ar) [Scheme 47]. Following to the
general procedure, hydrazone 14ar (26.1 mg, 0.0958 mmol), Pd(OAc), (2.2 mg, 0.010 mmol) and
MS4A (86.0 mg) were used and the reaction time was 10 h. Pyrazole 16ar (15.5 mg, 60%) was
obtained as a yellow solid after purification by PTLC (hexane/EtOAc = 7 : 3); Mp: 49-52 °C; 'H-
NMR (400 MHz, CDCIl3) 6 7.81 (s, 1H), 7.61 (d, J=2.0 Hz, 1H), 7.54-7.51 (m, 1H), 7.45 (d, /J=2.0
Hz, 1H), 7.39-7.32 (m, 2H), 7.26-7.21 (m, 1H), 6.42 (d, J = 1.2 Hz, 1H), 6.27 (t, J = 2.0 Hz, 1H),
4.36-4.24 (m, 2H), 1.28 (t,J= 7.2 Hz, 3H); >*C-NMR (100 MHz, CDCl;) § 168.2, 155.4, 144.3, 140.0,
129.2, 125.7, 125.3, 123.4, 120.0, 114.5, 111.8, 106.3, 62.4, 59.7, 14.0; HRMS (ESI) m/z calcd for
Ci5H15s03N, [M+H]" 271.1077, found 271.1075.

Methyl 2-(naphthalen-1-yl)-2-(1H-pyrazole-lyl)acetate (16as) [Scheme 47]. Following to the
general procedure, hydrazone 14as (24.7 mg, 0.0921 mmol), Pd(OAc), (2.1 mg, 0.0092 mmol) and
MS4A (77.0 mg) were used and the reaction time was 10 h. Pyrazole 16as (15.3 mg, 62%) was
obtained as a yellow solid after purification by PTLC (hexane/EtOAc = 7 : 3); Mp: 81-86 °C; 'H-
NMR (400 MHz, CDCls) 6 7.94-7.87 (m, 3H), 7.61 (d, /= 2.0 Hz, 1H), 7.53-7.47 (m, 4H), 7.16 (d,
J=2.4Hz, 1H), 7.02 (s, 1H), 6.19 (t, J = 2.0 Hz, 1H), 3.85 (s, 3H); *C-NMR (100 MHz, CDCl5) §
170.1, 140.1, 134.0, 131.5, 130.5, 129.4, 128.9, 127.5, 126.4, 126.1, 125.1, 122.7, 106.1, 64.9, 52.9;
HRMS (ESI) m/z calcd for Ci¢His0.N> [M+H]" 267.1128, found 267.1130.

Methyl 2-phenyl-2-(5-phenyl-1H-pyrazole-lyl)acetate (16at) [Scheme 47]. N-
cyclopropylhydrazone 14at (30.2 mg, 0.0980 mmol), Pd(OAc), (2.2 mg, 0.0098 mmol) and MS4A
(87.0 mg) were dissolved in --AmylOH (980 pL). After the mixture was stirred at 140 °C in a sealed
tube for 21 h, Pd(OAc): (2.2 mg, 0.0098 mmol) was added and stirred for 4 h. Then, the mixture was
cooled to room temperature, filtered through Celite® and evaporated. The residue was purified by
PTLC (Hexane/EtOAc = 7 : 3) to afford pyrazole 16at as a yellow oil (11.4 mg, 38%); 'H-NMR (400
MHz, CDCl3) 6 7.65 (s, 1H), 7.44 (t, J=2.0 Hz, 3H), 7.35 (s, 7H), 6.33 (s, 1H), 6.02 (s, 1H), 4.22 (q,
J=17.6 Hz, 2H), 1.20 (t, J= 7.6 Hz, 3H); *C-NMR (100 MHz, CDCl;) § 168.6, 144.6, 139.8, 135.1,
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130.4, 129.2, 128.9, 128.8, 128.7, 128.5, 106.4, 64.6, 62.0, 14.0; One carbon peak could not be
detected probably due to overlapping; HRMS (ESI) m/z calcd for C19H1902N, [M+H]" 307.1441,
found 307.1439.

General procedure for ring opening reaction of N-cyclopropylhydrazones [Scheme 48]. N-
cyclopropylhydrazone (1.0 eq.), Pd(OAc): (0.10 eq.) and MS4A were dissolved in t~AmylOH (c =
0.10 M). The mixture was stirred at reflux for 5-32 h. Then the mixture was cooled to room
temperature, filtered through Celite® and evaporated. The residue was purified by PTLC to afford

pyrazole.

Methyl 2-(1H-pyrazol-1-yl)acetate (16au) [Scheme 48]. Following to the general procedure,
hydrazone 14au (12.0 mg, 0.0844 mmol), Pd(OAc): (1.9 mg, 0.0085 mmol) and MS4A (100 mg)
were used and the reaction time was 32 h. Pyrazole 16au (4.1 mg, 35%) was obtained as a brown oil
after purification by PTLC (hexane/EtOAc = 1 : 1); '"H-NMR (400 MHz, CDCl3) § 7.57 (d, J = 2.0
Hz, 1H), 7.48 (d, J= 2.4 Hz, 1H), 6.34 (t, J=2.0 Hz, 1H), 4.95 (s, 2H), 3.78 (s, 3H); *C-NMR (100
MHz, CDCls) § 168.3, 140.2, 130.6, 106.6, 52.9, 52.7; HRMS (ESI) m/z calcd for CsHyO,N, [M+H]"
141.0659, found 141.0658.

Ethyl 2-(1H-pyrazol-1-yl)propanoate (16av) [Scheme 48]. Following to the general procedure,
hydrazone 14av (20.0 mg, 0.117 mmol), Pd(OAc), (2.6 mg, 0.012 mmol) and MS4A (100 mg) were
used and the reaction time was 8 h. Pyrazole 16av (15.3 mg, 78%) was obtained as a brown oil after
purification of silica gel short column (hexane/EtOAc); '"H-NMR (400 MHz, CDCl3) § 7.55 (d, J =
0.8 Hz, 2H), 6.32 (t, J=0.8 Hz, 1H), 5.11 (q, /= 7.2 Hz, 1H), 4.23-4.17 (m, 2H), 1.81-1.79 (m, 3H),
1.27-1.23 (m, 3H); *C-NMR (100 MHz, CDCl3) § 170.6, 139.5, 128.1, 106.0, 61.7, 59.5, 17.5, 14.0;
HRMS (ESI) m/z caled for CsHi30:N; [M+H]" 169.0972, found 169.0970.

Methyl 3-phenyl-2-(1H-pyrazol-1-yl)propanoate (16aw) [Scheme 48]. Following to the general
procedure, hydrazone 14aw (23.7 mg, 0.102 mmol), Pd(OAc), (2.3 mg, 0.010 mmol) and MS4A (83.0
mg) were used and the reaction time was 5 h. Pyrazole 16aw (10.3 mg, 44%) was obtained as a yellow
oil after purification by PTLC (hexane/EtOAc = 7 : 3); 'H-NMR (400 MHz, CDCl;) & 7.55 (d, J =
2.0 Hz, 1H), 7.38 (d, J = 2.4 Hz, 1H), 7.25-7.19 (m, 3H), 7.02 (dd, J = 7.6, 2.0 Hz, 2H), 6.23 (t, J =
2.4 Hz, 1H), 5.15 (t, J = 7.2 Hz, 1H), 3.73 (s, 3H), 3.49 (d, J = 7.6 Hz, 2H); *C-NMR (100 MHz,
CDCls) 6 169.8, 139.8, 136.1, 129.5, 128.9, 128.5, 127.0, 105.9, 65.6, 52.7, 38.2; HRMS (ESI) m/z
calcd for C13H;s0,N, [M+H]" 231.1126, found 231.1128.

Ethyl 2-cyclopentyl-2-(1H-pyrazol-1-yl)acetate (16ax) [Scheme 48]. Following to the general
procedure, hydrazone 14ax (24.3 mg, 0.109 mmol), Pd(OAc); (2.4 mg, 0.011 mmol) and MS4A (93.0
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mg) were used and the reaction time was 12 h. Pyrazole 16ax (16.5 mg, 68%) was obtained as a
colorless oil after purification by PTLC (hexane/EtOAc = 7 : 3); 'H-NMR (400 MHz, CDCl;) & 7.64
(d,J=2.0Hgz, 1H), 7.50 (d, /= 1.2 Hz, 1H), 6.31 (t, J= 1.6 Hz, 1H), 4.73 (d, /= 11.2 Hz, 1H), 4.26-
4.13 (m, 2H), 2.77-2.67 (m, 1H), 1.89-1.81 (m, 1H), 1.75-1.51 (m, 6H), 1.45-1.35 (m, 1H), 1.26 (t,J
=17.2 Hz, 3H); >*C-NMR (100 MHz, CDCl3) § 170.0, 139.0, 128.3, 106.1, 69.0, 61.5, 42.7, 29.6, 29.6,
25.3,24.8, 14.1; HRMS (ESI) m/z caled for C12H19O2N, [M+H]" 223.1441, found 223.1442.

Methyl 3,3-dimethyl-2-(1H-pyrazol-1-yl)butanoate (16ay) [Scheme 48]. N-cyclopropylhydrazone
14ay (21.0 mg, 0.106 mmol), Pd(OAc), (2.4 mg, 0.011 mmol) and MS4A (91.0 mg) were dissolved
in ~AmylOH (1.06 mL). After the mixture was stirred at 130 °C in a sealed tube for 13 h, Pd(OAc):
(2.4 mg, 0.011 mmol) was added and stirred for 11 h. After the same work-up as general procedure,
pyrazole 16ay (3.8 mg, 18%) was obtained as a colorless oil after purification by PTLC
(Hexane/EtOAc = 7 : 3); '"H-NMR (400 MHz, CDCl5) § 7.86 (d, J = 2.4 Hz, 1H), 7.49 (d, /= 2.0 Hz,
1H), 6.30 (t, J = 2.0 Hz, 1H), 4.94 (s, 1H), 3.75 (s, 3H), 1.02 (s, 9H); *C-NMR (100 MHz, CDCl5) &
169.6, 138.4, 129.7, 105.8, 73.0, 52.0, 36.0, 26.9; HRMS (ESI) m/z caled for CioH;70.N, [M+H]"
197.1284, found 197.1285.

4,4-Dimethyl-3-(1H-pyrazol-1-yl)dihydrofuran-2(3H)-one (16az) [Scheme 48]. Following to the
general procedure, hydrazone 14az (32.1 mg, 0.175 mmol), Pd(OAc), (3.9 mg, 0.017 mmol) and
MS4A (100 mg) were used and the reaction time was 13 h. Pyrazole 16az (27.0 mg, 86%) was
obtained as a white solid after purification by PTLC (hexane/EtOAc =7 : 3); Mp: 78-81 °C; '"H-NMR
(400 MHz, CDCl3) 6 7.59 (d, J= 1.2 Hz, 1H), 7.54 (d, /= 1.6 Hz, 1H), 6.33 (t,/=2.0 Hz, 1H), 4.90
(s, 1H), 4.25 (d, J= 8.8 Hz, 1H), 4.12 (d, J=9.2 Hz, 1H), 1.35 (s, 3H), 0.80 (s, 3H); *C-NMR (100
MHz, CDCl3) 6 171.9, 140.6, 130.2, 106.0, 69.0, 41.9, 24.3, 20.0; HRMS (ESI) m/z calcd for
CoH 30N, [M+H]" 181.0972, found 181.0970.

1,2-Diphenyl-2-(1H-pyrazol-1-yl)ethan-1-one (16ba) [Scheme 48]. Following to the general
procedure, hydrazone 14ba (17.9 mg, 0.0680 mmol), Pd(OAc), (1.5 mg, 0.0067 mmol) and MS4A
(60.0 mg) were used and the reaction time was 17 h. Pyrazole 16ba (6.8 mg, 38%) was obtained as a
yellow solid after purification by PTLC (hexane/EtOAc = 7 : 3); Mp: 95-98 °C; '"H-NMR (400 MHz,
CDCls) 6 7.97-7.94 (m, 2H), 7.59-7.52 (m, 2H), 7.44-7.38 (m, 8H), 7.22 (s, 1H), 6.30 (t, J= 2.0 Hz,
1H); “C-NMR (100 MHz, CDCls) § 193.6, 139.6, 134.7, 134.1, 133.8, 129.8, 129.5, 129.4, 129.1,
128.9, 128.8, 106.0, 70.1; HRMS (ESI) m/z caled for Ci7H;sON> [M+H]" 263.1179, found 263.1178.

1-Phenyl-2-(1H-pyrazol-1-yl)propan-1-one (16bb) [Scheme 48]. Following to the general
procedure, hydrazone 14bb (26.9 mg, 0.134 mmol), Pd(OAc), (3.0 mg, 0.013 mmol) and MS4A (118
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mg) were used and the reaction time was 7 h. Pyrazole 16bb (11.8 mg, 44%) was obtained as a brown
solid after purification by PTLC (hexane/EtOAc = 7 : 3); Mp: 79 °C (decomp); '"H-NMR (400 MHz,
CDCl3) 6 7.97 (d, J= 8.4 Hz, 2H), 7.58-7.52 (m, 3H), 7.44 (t, J= 7.8 Hz, 2H), 6.29 (s, 1H), 6.08 (q,
J=7.2Hz, 1H), 1.76 (d, J= 7.2 Hz, 3H); *C-NMR (100 MHz, CDCl3) § 195.6, 139.4, 134.6, 133.8,
128.8, 128.7, 127.9, 106.4, 60.9, 18.0; HRMS (ESI) m/z calcd for C;2Hi;30N, [M+H]" 201.1022,
found 201.1023.

(1R,4S5)-1,7,7-Trimethyl-3-(1H-pyrazol-1-yl)bicyclo[2.2.1]heptan-2-one (16bc) [Scheme 48].
Following to the general procedure, hydrazone 14be (19.1 mg, 0.0867 mmol), Pd(OAc); (2.0 mg,
0.0089 mmol) and MS4A (74.0 mg) were used and the reaction time was 5 h. Pyrazole 16bc (11.3
mg, 59%) was obtained as a yellow oil after purification by PTLC (hexane/EtOAc =7 : 3); 'H-NMR
(400 MHz, CDCl3) 6 7.56 (s, 1H), 7.44 (d, J = 2.4 Hz, 1H), 6.27-6.26 (m, 1H), 5.01 (d, /= 4.4 Hz,
1H), 2.63 (t, J= 4.4 Hz, 1H), 1.85-1.49 (m, 4H), 1.07 (s, 3H), 1.04 (s, 3H), 1.03 (s, 3H); *C-NMR
(100 MHz, CDCl3) ¢ 212.4, 139.9, 129.1, 105.3, 67.4, 59.2, 49.5, 43.9, 30.8, 19.8, 19.7, 19.1, 9.5;
HRMS (ESI) m/z caled for C13H19ON, [M+H]" 219.1492, found 219.1490.

2-(4-Nitrophenyl)-1-(piperidin-1-yl)-2-(1H-pyrazol-1-yl)ethan-1-one (16ca) [Scheme 48].
Following to the general procedure, hydrazone 14ca (26.5 mg, 0.0838 mmol), Pd(OAc), (1.9 mg,
0.0084 mmol) and MS4A (75 mg) were used and the reaction time was 9 h. Pyrazole 16ca (14.3 mg,
54%) was obtained as a yellow solid after purification by PTLC (hexane/EtOAc = 7 : 3); Mp: 93-
98 °C; '"H-NMR (400 MHz, CDCl;) & 8.25-8.21 (m, 2H), 7.58 (d, J = 1.2 Hz, 1H), 7.54 (d, J = 2.8
Hz, 1H), 7.44-7.42 (m, 2H), 6.64 (s, 1H), 6.34 (t, J= 2.4 Hz, 1H), 3.71-3.58 (m, 2H), 3.45-3.29 (m,
2H), 1.64-1.54 (m, 4H), 1.36-1.25 (m, 2H); C-NMR (100 MHz, CDCl3) § 164.7, 148.0, 142.7, 140.0,
129.7,129.0, 124.1, 106.9, 64.9, 47.0, 43.8, 26.1, 25.4, 24.2; HRMS (ESI) m/z calcd for Ci6H19O3N4
[M+H]"315.1452, found 315.1450.
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Ethyl 2-(((E)-allylidene)hydrazineylidene)-2-phenylacetate (15ac) and ethyl 2-phenyl-2-(1H-
pyrazol-1-yl)acetate (16ac) [Scheme 50]. N-cyclopropylhydrazone 14ac (23.6 mg, 0.102 mmol),
Pd(OAc); (2.3 mg, 0.010 mmol) and MS4A (92.0 mg) were dissolved in ~AmylOH (1.0 mL). The
mixture was stirred at reflux under air for 30 min. After cooled to room temperature, the mixture was
filtered through Celite® and evaporated. The residue was analyzed by '"H NMR (CDCl;) using
triphenyl methane (21.5 mg, 0.0880 mmol) as internal standard. The azine 15ac was calculated as

22% NMR yield, pyrazole 16ac as 4% and N-cyclopropylhydrazone 14ac as 43%.

N-cyclopropylhydrazone 14ac (26.5 mg, 0.114 mmol), Pd(OAc), (2.6 mg, 0.012 mmol) and MS4A
(100 mg) were dissolved in ~AmylOH (1.1 mL). The mixture was stirred at reflux under air for 1 h.
After cooled to room temperature, the mixture was filtered through Celite® and evaporated. The
residue was analyzed by '"H NMR (CDCl;) using triphenyl methane (22.1mg, 0.0904 mmol) as
internal standard. The azine 15ac was calculated as 26% NMR yield, pyrazole 16ac as 19% and N-
cyclopropylhydrazone 14ac as 17%.

N-cyclopropylhydrazone 14ac (26.1 mg, 0.112 mmol), Pd(OAc), (2.5 mg, 0.011 mmol) and MS4A
(100 mg) were dissolved in ~AmylOH (1.1 mL). The mixture was stirred at reflux under air for 2 h.
After cooled to room temperature, the mixture was filtered through Celite® and evaporated. The
residue was analyzed by 'H NMR (CDCls) using triphenyl methane (23.0 mg, 0.0941 mmol) as
internal standard. The azine 15ac was calculated as 15% NMR yield, pyrazole 16ac as 42% and N-
cyclopropylhydrazone 14ac as 2%.

N-cyclopropylhydrazone 14ac (26.6 mg, 0.115 mmol), Pd(OAc), (2.6 mg, 0.012 mmol) and MS4A
(100 mg) were dissolved in -~-AmylOH (1.2 mL). The mixture was stirred at reflux under air for 17 h.
After cooled to room temperature, the mixture was filtered through Celite® and evaporated. The
residue was analyzed by 'H NMR (CDCls) using triphenyl methane (24.0 mg, 0.0982 mmol) as
internal standard. The pyrazole 16ac as 44% NMR yield.

Methyl 2-phenyl-2-(1H-pyrazol-1-yl)acetate (16ab) [Scheme 58]. N-Cyclopropylhydrazone 14ab
(25.9 mg, 0.120 mmol) and Pd(OAc), (2.6 mg, 0.012 mmol) were dissolved in ~AmylOH (1.2 mL).
The mixture was stirred at reflux under Ar for 15 h. After cooled to room temperature, the mixture
was filtered through Celite® and evaporated. The residue was analyzed by 'H NMR (CDCls) using
triphenyl methane as internal standard. The pyrazole 16ab was calculated as 34% NMR yield.
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Methyl 2-phenyl-2-(1H-pyrazol-1-yl)acetate (16ab) [Scheme 58]. N-Cyclopropylhydrazone 14ab
(26.1 mg, 0.120 mmol) and Pd(OAc), (2.6 mg, 0.012 mmol) were dissolved in --AmylOH (1.2 mL).
The mixture was stirred at reflux under air for 15 h. After cooled to room temperature, the mixture
was filtered through Celite® and evaporated. The residue was analyzed by 'H NMR (CDCls) using
triphenyl methane as internal standard. The pyrazole 16ab was calculated as 60% NMR yield.

Ethyl 2-hydrazineylidene-2-phenylacetate (85) [Scheme 59, eq. 1]. To a solution of hydrazine
monohydrate (600 puL, 10.0 mmol) in H,O/AcOH =1 : 1 (800 uL), ethylbenzoylformate 70ac (795
pL, 5.00 mmol) was added dropwise. The mixture was stirred at room temperature overnight. The
resulting mixture was diluted with water and extracted with EtOAc three times. The collected organic
layers were washed with brine, dried over MgSO4 and concentrated to afford crude ethyl
phenylglyoxylate hydrazone 85. The spectral data were identical with those reported in the

literature. %>

Ethyl 2-((allylidene)hydrazineylidene)-2-phenylacetate (15ac) [Scheme 59, eq. 1]. To a solution
of crude hydrazone 85 in Et,O (5.0 mL) were added acrolein (67.0 uL, 1.00 mmol) and AcOH (20
puL). The mixture was stirred at room temperature for 4 h, and then evaporated. Azine 15ac (66.0 mg,
29%, from 70ac) was obtained as a yellow oil after purification with flash column chromatography
(hexane/EtOAc = 7 : 3); '"H-NMR (400 MHz, CDCls) § 8.23 (d, J = 9.6 Hz, 1H), 7.80-7.78 (m, 2H),
7.55-7.42 (m, 4H), 6.71-6.61 (m, 1H), 5.89-5.85 (m, 2H), 4.46 (q, J=7.2 Hz, 2H), 1.40 (t, J=7.2
Hz, 3H); *C-NMR (100 MHz, CDCl5) § 165.6, 164.3,161.7,134.3,131.6, 131.5, 129.4, 128.8, 127.5,
61.6, 14.3; HRMS (ESI) m/z calcd for C3H;5s0,N, [M+H]"231.1128, found 231.1127.

Ethyl 2-phenyl-2-(1 H-pyrazol-1-yl)acetate (16ac) [Scheme 59, eq. 2]. Azine 15ac (24.8 mg, 0.108
mmol) and Pd(OAc), (2.4 mg, 0.011 mmol), MS4A (92.0 mg) were dissolved in ~AmylOH (1.1 mL).
The mixture was stirred at reflux under air for 8 h. After cooled to room temperature, the mixture was
filtered through Celite® and evaporated. The residue was purified by PTLC (hexane/EtOAc = 7 : 3)
to afford pyrazole 16ac (17.8 mg, 72%).

Ethyl 2-phenyl-2-(1 H-pyrazol-1-yl)acetate (16ac) [Scheme 59, eq. 3]. Azine 15ac (27.2 mg, 0.118
mmol) and MS4A (100 mg) were dissolved in --AmylOH (1.2 mL). The mixture was stirred at reflux
under air for 7 h. After cooled to room temperature, the mixture was filtered through Celite® and
evaporated. The residue was purified by PTLC (hexane/EtOAc =7 : 3) to afford pyrazole 16ac (21.1
mg, 78%).
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DFT calculations [Scheme 52].

The molecular geometries for each transition states were first estimated with the Reaction plus
software package, based on the nudged elastic band method, *® and were subsequently re-optimized
using the Gaussian 16 software package. *” Once the stationary points were obtained at M06/6-
31g+(d,p)/Lanl2DZ level, *°? the harmonic vibrational frequencies were calculated at the same level
to estimate the Gibbs free energy. The nature of the stationary points was characterized via vibrational
analysis. All of the Gibbs free energy values reported in this paper were calculated for a temperature
of 298.15 K. The transition structure reported was optimized without constraints and the intrinsic
reaction coordinate (IRC) route was calculated in both directions toward the corresponding minima
for each transition-state structure. The IRC calculation failed to reach the energy minima on the
potential energy surface for the transition states, and we therefore carried out geometry optimizations
as a continuation of the IRC path. For each optimized structure (potential energy minimum or
transition state computed at M06/6-31g+(d,p)/Lanl2DZ level of theory), additional single-point
energy calculations were performed at M06/6-31g+(d,p)/Lanl2DZ (PhCl or benzonitrile) level of
theory. °" The 3D optimized structural figures in this paper were displayed by the CYLview

visualization program. *?

C-H activation

C-C bond cleavage

cycloisomerization

\ A,
Pd(OAC); ﬁ f
El
o ~
TA;OH f‘}(’ 3 ff
9
| -3.3

5
AG
(kcal/mol)

JU
Pd’ -0

0.0 . 0
59 ____,,.—-"'. /\r SPUSNE s
H oac ———-""" patha } . H \
Ney hdlL Y\ 125 33 ACOH [
N7 . R, 74 ; 3
s -
i

i “Re'(CACIL,
Na »#
A

="

T —
x OMe Me N Na-Pa Ol N/D\H ‘
G OMe Me)\f ){%O Ny ---Re'ln N -34.2 (H
A Me X0 -
OMe P Me/S’ / ) .
a A A Y OMe Me)\f OMe Nt 3 " keto-enol %,
% N b ’ Z OMe AC N tautomerism
;{' AA X
‘ " ] o % Me . 539
P [ 7 (‘ ~ 5 OMe
/ . AD i)
AcOH r ol =~ " \lf Ny
XA ! 0
~ — Me’
J om
14 +Pd(OAC), 16

121



Calculation Method = RMO06
Formula = COH14N204Pd

Basis Set = 6-31g+(d,p)/ Lanl2DZ
Charge =0

Spin = Singlet

Solvation = None

E(RMO06) = -887.78168 Hartree
RMS Gradient Norm = 1.0837e-05 Hartree/Bohr
Imaginary Freq =0

Dipole Moment = 2.1913874 Debye
Polarizability (?) = 170.13133 a.u.
Point Group = C1

Molecular Mass = 319.99884 amu

Job cpu time: 0 days 0 hours 23 minutes 20.0 seconds.

Thermo Tab Data Section:

Imaginary Freq =0

Temperature = 298.15 Kelvin

Pressure = 1 atm

Frequencies scaled by = 1

Electronic Energy (EE) = -887.78168 Hartree
Zero-point Energy Correction = (0.232184 Hartree
Thermal Correction to Energy = 0.250628 Hartree
Thermal Correction to Enthalpy = 0.251572 Hartree
Thermal Correction to Free Energy = 0.184001 Hartree
EE + Zero-point Energy = -887.54949 Hartree

EE + Thermal Energy Correction = -887.53105 Hartree
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EE + Thermal Enthalpy Correction = -887.5301 Hartree

EE + Thermal Free Energy Correction = -887.59767 Hartree
E (Thermal) = 157.271 kcal/mol
Heat Capacity (Cv) = 64.289 cal/mol-kelvin

Entropy (S) = 142.215 cal/mol-kelvin

Basis Set = 6-31g+(d,p)/ Lanl2DZ
Solvation = scrf=solvent=chlorobenzene
E(RMO06) = -887.79633 Hartree

T T ZT 000 o a0z Z I QI QT O~

o o ZF

-1.39369000
-1.14675300
-2.03096200
-1.63310900
-1.82717600
-2.37382300
-0.38022200
-0.37259400
0.96134200
1.12748900
2.33111900
3.55633900
3.44577800
3.75158900
4.41668400
2.24565400
-1.85767300
3.37558700
3.28609200
2.93146300
4.30208700
2.60001300
-0.41511700
1.13790300
-2.93392800
-3.11441800

3.25818400
3.08587200
4.11602300
1.99191300
1.13480600
2.04312200
2.87092500
3.45132700
2.47829200
1.19959100
0.59815000
1.39789300
2.01547000
2.08785400
0.73615700
-0.80040200
-1.47722100
-1.51301400
-2.96555200
-3.25278800
-3.31516100
-3.35293600
-0.07256500
-1.44486700
-1.33228200
-0.35634700
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0.57803100
1.62143600
0.39061400
-0.26784600
0.44008900
-1.05898100
-0.43111700
-1.35137800
-0.05875200
-0.06061700
0.15676300
0.40755900
1.30865300
-0.42419500
0.53224400
0.06592900
-0.49081300
0.22436200
0.12422600
-0.86813200
0.29637200
0.88066200
-0.26413300
-0.17257200
0.26639700
1.03160200



C -3.92442000  -2.45370500 0.13201300
H -4.82278300  -2.22358500 0.70713300
H -3.47747200  -3.38335300 0.50020300
H -4.17665700  -2.60916800  -0.92136200

*

if;ﬁ-j TS of X to G

Calculation Method = RM06

Formula = COH14N204Pd

Basis Set = 6-31g+(d,p)/ Lanl2DZ

Charge =0

Spin = Singlet

Solvation = None

E(RMO06) = -887.74231 Hartree

RMS Gradient Norm = 4.685e-06 Hartree/Bohr

Imaginary Freq =1

Dipole Moment = 1.5120655 Debye

Polarizability (?) = 167.351 a.u.

Point Group = C1

Molecular Mass = 319.99884 amu

Job cpu time: 0 days 0 hours 22 minutes 53.7 seconds.

Thermo Tab Data Section:
Imaginary Freq =1
Temperature = 298.15 Kelvin
Pressure = 1 atm

Frequencies scaled by = 1

Electronic Energy (EE) = -887.74231 Hartree

Zero-point Energy Correction = 0.227197 Hartree

Thermal Correction to Energy = 0.245043 Hartree
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Thermal Correction to Enthalpy = 0.245988 Hartree
Thermal Correction to Free Energy = 0.179848 Hartree

EE + Zero-point Energy = -887.51512 Hartree

EE + Thermal Energy Correction = -887.49727 Hartree

EE + Thermal Enthalpy Correction = -887.49632 Hartree
EE + Thermal Free Energy Correction = -887.56246 Hartree
E (Thermal) = 153.767 kcal/mol

Heat Capacity (Cv) = 63.537 cal/mol-kelvin

Entropy (S) = 139.203 cal/mol-kelvin

Basis Set = 6-31g+(d,p)/ Lanl2DZ
Solvation = scrf=solvent=chlorobenzene
E(RMO06) = -887.75533 Hartree

01
C 1.62368000  -2.59764400 0.76307800
H 1.47767600  -1.99724900 1.65804800
H 2.36499700  -3.38641500 0.85933200
C 1.54322800  -1.82645000  -0.55688800
H 2.12478400  -0.62372400  -0.45712900
H 2.11362500  -2.17056800  -1.42085000
C 0.44285400  -2.84580800  -0.11683100
H 0.46013400  -3.77991700  -0.67260300
N -0.90640700  -2.46891600 0.20541100
N -1.14028000  -1.21298600 0.00289900
C -2.33817300  -0.60346100 0.20093700
C -3.53492400  -1.38125900 0.60955000
H -3.36995100  -1.87969000 1.57448600
H -3.75603400  -2.17178600  -0.11956200
H -4.40053400  -0.72009900 0.69301600
C -2.25264700 0.79308400 0.02969300
O 2.42223900 0.73481200  -0.66188800
O -3.38236300 1.50571000 0.21408800
C -3.30363100 2.95159300 0.05915400
H -2.98460600 3.20554800  -0.95441500
H -4.31438900 3.30543100 0.25323600
H -2.59450700 3.36965200 0.77733400

125



Pd 0.38024300  -0.02673500  -0.45779300
-1.16013600 1.41756700  -0.28031500

2.91381000 1.29285300 0.47907800
2.64677900 0.85918500 1.60440400

4.19966100 2.85805900 1.14260800
3.24765900 3.23666300  -0.32684900
4.63319800 2.15536300  -0.44866000

O
C
O
C 3.80942900 2.46103200 0.20423000
H
H
H

Calculation Method = RM06
Formula = COH14N204Pd

Basis Set = 6-31g+(d,p)/ Lan12DZ
Charge =0

Spin = Singlet

Solvation = None

E(RMO06) = -887.7949 Hartree
RMS Gradient Norm = 2.579e-06 Hartree/Bohr
Imaginary Freq =0

Dipole Moment = 2.2356329 Debye
Polarizability (?) = 159.36867 a.u.
Point Group = C1

Molecular Mass = 319.99884 amu

Job cpu time: 0 days 0 hours 23 minutes 38.6 seconds.

Thermo Tab Data Section:
Imaginary Freq =0
Temperature = 298.15 Kelvin
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Pressure = 1 atm

Frequencies scaled by = 1

Electronic Energy (EE) = -887.7949 Hartree

Zero-point Energy Correction = 0.233266 Hartree
Thermal Correction to Energy = 0.251315 Hartree
Thermal Correction to Enthalpy = 0.25226 Hartree
Thermal Correction to Free Energy = 0.185593 Hartree
EE + Zero-point Energy = -887.56163 Hartree

EE + Thermal Energy Correction = -887.54358 Hartree
EE + Thermal Enthalpy Correction = -887.54264 Hartree
EE + Thermal Free Energy Correction = -887.60931 Hartree
E (Thermal) = 157.703 kcal/mol

Heat Capacity (Cv) = 64.505 cal/mol-kelvin

Entropy (S) = 140.312 cal/mol-kelvin

Basis Set = 6-31g+(d,p)/ Lanl2DZ
Solvation = scrf=solvent=chlorobenzene
E(RMO06) = -887.80721 Hartree

01
C 0.10497700 3.28615100 0.90114600
H 0.41474800 2.75965600 1.80084700
H -0.22610700 4.30819600 1.07499700
C -0.50600300 2.49941400  -0.23436900
H -3.09505100 0.90432900 0.65033200
H -1.29986400 2.95317600  -0.82890400
C 0.92630900 3.00863300  -0.35750700
H 1.15661300 3.85111500  -1.00143700
N 1.98656600 2.04529900  -0.30778900
N 1.52302100 0.84085100  -0.17257200
C 2.32722600  -0.25517800  -0.05226000
C 3.80556600  -0.09920300  -0.07964100
H 4.14087000 0.57679700 0.71872500
H 4.13541600 0.35251700  -1.02529800
H 4.29137000  -1.06954100 0.04224500
C 1.62429300 -1.46705100 0.07964600
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o -2.59692400 0.21805100 0.16356600
0] 2.39091000  -2.59067400 0.15292700
C 1.70954000  -3.85656000 0.33236000
H 1.06040400  -4.06843300 -0.52173500
H 2.50626000  -4.59576600 0.40245100
H 1.10873800  -3.84428300 1.24581200
Pd -0.44903700 0.49418300  -0.04246600
0 0.33952400  -1.58288200 0.14469800
C -3.36126000  -0.94737300  -0.02428500
o -4.49359700  -0.99168700 0.42749500
C -2.62153700  -1.97275800  -0.79314000
H -3.25011600  -2.85627500  -0.90675000
H -1.67585200  -2.22875700  -0.29659800
H -2.35281800  -1.57711400  -1.77991600

Lk

(/: TSofGtoY

Calculation Method = RM06

Formula = COH14N204Pd

Basis Set = 6-31g+(d,p)/ Lan12DZ

Charge =0

Spin = Singlet

Solvation = None

E(RMO06) = -887.75283 Hartree

RMS Gradient Norm = 3.079e-06 Hartree/Bohr
Imaginary Freq =1

Dipole Moment = 1.2492467 Debye
Polarizability (?) = 151.41867 a.u.

Point Group = Cl1

Molecular Mass = 319.99884 amu

Job cpu time: 0 days O hours 21 minutes 57.8 seconds.
Thermo Tab Data Section:

Imaginary Freq =1
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Temperature = 298.15 Kelvin

Pressure = 1 atm

Frequencies scaled by = 1
Electronic Energy (EE) = -887.75283 Hartree
Zero-point Energy Correction = (0.227816 Hartree

Thermal Correction to Energy = 0.245466 Hartree
Thermal Correction to Enthalpy = 0.246411 Hartree

Thermal Correction to Free Energy = 0.181762 Hartree

EE + Zero-point Energy = -887.52502 Hartree

EE + Thermal Energy Correction = -887.50737 Hartree

EE + Thermal Enthalpy Correction = -887.50642 Hartree

EE + Thermal Free Energy Correction = -887.57107 Hartree
E (Thermal) = 154.033 kcal/mol
Heat Capacity (Cv) = 63.106 cal/mol-kelvin

Entropy (S) = 136.065 cal/mol-kelvin

Basis Set = 6-31g+(d,p)/ Lanl2DZ

Solvation = scrf=solvent=chlorobenzene

E(RMO06) = -887.76644 Hartree

QO T @D @ Q0 2z Z oD OoO@D@oD o@D @D Q-

2.96950300
2.41423400
4.03601100
2.48147200
-0.65761000
3.20260300
2.25124300
2.81966100
0.92733600
0.10887200
-1.13176100
-1.68932200
-0.93091800
-1.99651300
-2.56065500
-2.00478600

-0.64925600
0.03363200
-0.69153300
-0.88702500
0.32110700
-1.03602500
-1.97371000
-2.89569000
-2.07198600
-1.36783500
-0.90036700
-1.64068100
-1.71110900
-2.66053900
-1.10979100
-0.44399100
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0.84725200
1.48716400
1.05636800
-0.54143200
1.25476200
-1.34543400
0.52040200
0.55293800
1.05556700
0.38043800
0.93475800
2.11853600
2.90374600
1.85284600
2.51012400
-0.15071600



O -0.16045700 1.51408500 1.46146100
O -3.32229700  -0.50642300 0.11963500
C -4.23235600 0.10766200  -0.84235200
H -4.15336500  -0.39959300  -1.80637300
H -5.22231500  -0.02005900  -0.40945300
H -3.98603700 1.16468600  -0.96745700
Pd 0.73019700  -0.07577600  -1.06614100
O -1.57865100 0.09142300  -1.20811500
C 0.43320700 2.36577700 0.67250300
O 0.93972100 2.12115300  -0.47097600
C 0.51917600 3.76809100 1.21018000
H -0.49125900 4.16501900 1.35603300
H 1.07413700 4.40801700 0.52288600
H 1.00471700 3.75539700 2.19147400
el

p ¢

%y

Calculation Method = RM06

Formula = COH14N204Pd

Basis Set = 6-31g+(d,p)/ Lan12DZ

Charge =0

Spin = Singlet

Solvation = None

E(RMO06) = -887.79844 Hartree

RMS Gradient Norm = 5.099e-06 Hartree/Bohr

Imaginary Freq =0

Dipole Moment = 8.3631561 Debye

Polarizability (?) = 153.37267 a.u.

Point Group = Cl1

Molecular Mass = 319.99884 amu

Job cpu time: 0 days O hours 19 minutes 10.4 seconds.

Thermo Tab Data Section:
Imaginary Freq =0
Temperature = 298.15 Kelvin

130



Pressure = 1 atm

Frequencies scaled by = 1
Electronic Energy (EE) = -887.79844 Hartree
Zero-point Energy Correction = 0.233387 Hartree

Thermal Correction to Energy = 0.251501 Hartree

Thermal Correction to Enthalpy = 0.252445 Hartree

Thermal Correction to Free Energy = 0.184618 Hartree

EE + Zero-point Energy = -887.56505 Hartree

EE + Thermal Energy Correction = -887.54694 Hartree

EE + Thermal Enthalpy Correction = -887.54599 Hartree

EE + Thermal Free Energy Correction = -887.61382 Hartree
E (Thermal) = 157.819 kcal/mol
Heat Capacity (Cv) = 63.63 cal/mol-kelvin

Entropy (S) = 142.755 cal/mol-kelvin

Basis Set = 6-31g+(d,p)/ Lanl2DZ
Solvation = scrf=solvent=chlorobenzene
E(RMO06) = -887.81686 Hartree

ocoEpIEZIZ OO ZZIDOoO@D@ZD o@D DO -~

-1.32995000
-0.77907600
-2.09425400
-1.50369200
3.04048300
-2.43223200
-0.50273400
-0.70561900
0.87976500
1.06814100
2.47325600
3.09139400
3.05882800
2.51754700
4.12829300
2.48012100
-3.80857800

2.45515100
2.03187300
3.17403800
1.66741000
1.24948500
1.67865700
2.82792700
3.78509000
2.48970600
1.23035600
0.77413800
1.14035500
2.22671100
0.67650600
0.79675000
-0.71976300
-0.09334000
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1.27936800
2.11558900
1.56664600
0.02996600
0.74696800
-0.53156300
0.02655000
-0.43851800
0.00166400
-0.01452900
-0.06399500
-1.41777500
-1.53905100
-2.22848200
-1.46409100
0.13784600
-0.50079300



O 3.73345600  -1.18027400 0.29923800
C 3.90385200  -2.62374600 0.47372600
H 3.52578500  -3.14969800  -0.40565000
H 4.97571200  -2.76507100 0.59103400
H 3.35831600  -2.95520700 1.35989800
Pd -0.48510000  -0.05760900 0.01699000
O 1.48719700  -1.46171100 0.13362400
C -3.27910500  -1.18868300  -0.23233400
O -1.99594800  -1.38192900 0.03620200
C -4.07635600  -2.47023200  -0.18365800
H -3.97179000  -2.93572100 0.80198300
H -3.68463900  -3.17923900  -0.92079100
H -5.12783600  -2.26190000  -0.38978200
A,

.

’i}—}h (JY:TS of YtoZ

Calculation Method = RM06

Formula = COH14N204Pd

Basis Set = 6-31g+(d,p)/ Lan12DZ

Charge =0

Spin = Singlet

Solvation = None

E(RMO06) = -887.74807 Hartree

RMS Gradient Norm = 1.21e-06 Hartree/Bohr

Imaginary Freq =1

Dipole Moment = 3.5163017 Debye

Polarizability (?) = 165.46 a.u.

Point Group = Cl1

Molecular Mass = 319.99884 amu

Job cpu time: 0 days 0 hours 22 minutes 25.3 seconds.

Thermo Tab Data Section:
Imaginary Freq =1
Temperature = 298.15 Kelvin

Pressure = 1 atm
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Frequencies scaled by = 1

Electronic Energy (EE) = -887.74807 Hartree

Zero-point Energy Correction = 0.229215 Hartree
Thermal Correction to Energy = 0.247756 Hartree
Thermal Correction to Enthalpy = 0.2487 Hartree
Thermal Correction to Free Energy = 0.179023 Hartree
EE + Zero-point Energy = -887.51885 Hartree

EE + Thermal Energy Correction = -887.50031 Hartree
EE + Thermal Enthalpy Correction = -887.49937 Hartree
EE + Thermal Free Energy Correction = -887.56904 Hartree
E (Thermal) = 155.469 kcal/mol

Heat Capacity (Cv) = 64.244 cal/mol-kelvin

Entropy (S) = 146.647 cal/mol-kelvin

Basis Set = 6-31g+(d,p)/ Lanl2DZ
Solvation = scrf=solvent=chlorobenzene
E(RMO06) = -887.76401 Hartree

01
C 0.75081100 2.98226400  -0.72367900
H 1.26366800 2.60775500  -1.60902000
H 0.20680600 3.91967600  -0.85104700
C 0.73206700 2.27716200 0.51396100
H 1.40611900 2.38407900 1.37126100
H -1.14740400  -1.76314800  -0.31194900
C -0.76926900 2.41568000 0.61644600
H -1.26779800 3.35672900 0.81702000
N -1.50971200 1.31810600 0.50787600
N -0.89311500 0.23138900 0.12185500
C -1.58691700  -1.04423000 0.39121000
C -1.35917000  -1.48065800 1.82993000
H -0.28500000  -1.58154400 2.02262600
H -1.84343300  -2.44395700 2.01681700
H -1.79034900  -0.74238700 2.51494000
C -3.06389100  -0.91108400 0.07392100
O -3.98154900  -1.09084100 0.86960700
O -3.25643400  -0.59857800  -1.23417600
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C -4.63472500  -0.40881000  -1.66220800
H -4.57217700  -0.17113700  -2.72226000
H -5.09078400 0.41041700  -1.10029000
H -5.21072200  -1.32299900  -1.49624000
Pd 1.10535400 0.29041700 0.05640000
O 3.24700500 0.11400800  -0.16378800
C 3.17342200  -1.17677500  -0.32290900
O 2.01792600  -1.74650500  -0.27296800
C 441105200  -1.95964400  -0.58914600
H 4.67207500  -1.88206000  -1.65133200
H 4.25158400  -3.01213200  -0.34639300
H 5.24508300  -1.55304600  -0.01121000

Calculation Method = RM06

Formula = COH14N204Pd

Basis Set = 6-31g+(d,p)/ Lan12DZ

Charge =0

Spin = Singlet

Solvation = None

E(RMO06) = -887.8072 Hartree

RMS Gradient Norm = 3.581e-06 Hartree/Bohr

Imaginary Freq =0

Dipole Moment = 2.4575257 Debye

Polarizability (?) = 161.44167 a.u.

Point Group = C1

Molecular Mass = 319.99884 amu

Job cpu time: 0 days 0 hours 20 minutes 18.3 seconds.

Thermo Tab Data Section:
Imaginary Freq =0
Temperature = 298.15 Kelvin

Pressure = 1 atm
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Frequencies scaled by = 1

Electronic Energy (EE) = -887.8072 Hartree

Zero-point Energy Correction = 0.231918 Hartree
Thermal Correction to Energy = 0.250728 Hartree
Thermal Correction to Enthalpy = 0.251672 Hartree
Thermal Correction to Free Energy = 0.182309 Hartree
EE + Zero-point Energy = -887.57528 Hartree

EE + Thermal Energy Correction = -887.55647 Hartree
EE + Thermal Enthalpy Correction = -887.55552 Hartree
EE + Thermal Free Energy Correction = -887.62489 Hartree
E (Thermal) = 157.334 kcal/mol

Heat Capacity (Cv) = 65.258 cal/mol-kelvin

Entropy (S) = 145.987 cal/mol-kelvin

Basis Set = 6-31g+(d,p)/ Lanl2DZ
Charge =0

Spin = Singlet

Solvation = scrf=solvent=chlorobenzene
E(RMO06) = -887.82237 Hartree

01
C 1.39599200 2.52865100  -0.86117800
H 2.48179300 2.57120400  -0.92293600
H 0.84200800 2.59491200  -1.79560200
C 0.74352800 2.58002400 0.35512000
H 1.32218200 2.71302200 1.27276000
H -0.96007900  -1.61095400 0.09816900
C -0.74251500 2.65822600 0.45143600
H -1.23529700 3.61334900 0.59712800
N -1.47157600 1.59601500 0.35703000
N -0.87857700 0.44133100  -0.01182400
C -1.47451300  -0.77223800 0.58393600
C -1.31859200  -0.83403300 2.09378000
H -0.25431400  -0.81947900 2.35616500
H -1.76553800  -1.74969800 2.49359000
H -1.82442400 0.01919500 2.55909700
C -2.93900200  -0.83034300 0.18031900
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O -3.88476100  -0.86977600 0.96375900
O -3.08649800  -0.87220500  -1.16849900
C -4.45209000  -0.89864500  -1.67067800
H -4.35471100  -0.92633800  -2.75417600
H -4.98748200  -0.00264400  -1.34590100
H -4.97531900  -1.78361900  -1.29857300
Pd 1.12930500 0.41492200  -0.10205300
O 3.23915600  -0.33151400  -0.31391400
C 2.79708500  -1.52681300  -0.12963800
O 1.51431800  -1.68855500 0.06117400
C 3.69479000  -2.70924700  -0.14571500
H 3.48878500  -3.31509500  -1.03538600
H 3.50100200  -3.33786600 0.72874900
H 4.73860700  -2.39091700  -0.15953300

7~ TS of Z to AA

Calculation Method = RM06

Formula = COH14N204Pd

Basis Set = 6-31g+(d,p)/ Lan12DZ

Charge =0

Spin = Singlet

Solvation = None

E(RMO06) = -887.7798 Hartree

RMS Gradient Norm = 8.375e-06 Hartree/Bohr
Imaginary Freq =1

Dipole Moment = 4.2448469 Debye
Polarizability (?) = 163.79933 a.u.

Point Group = Cl1

Molecular Mass = 319.99884 amu

Job cpu time: 0 days O hours 26 minutes 9.3 seconds.
Thermo Tab Data Section:

Imaginary Freq =1
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Temperature = 298.15 Kelvin

Pressure = 1 atm

Frequencies scaled by = 1

Electronic Energy (EE) = -887.7798 Hartree

Zero-point Energy Correction = (0.225962 Hartree
Thermal Correction to Energy = 0.244582 Hartree
Thermal Correction to Enthalpy = 0.245527 Hartree
Thermal Correction to Free Energy = 0.177354 Hartree
EE + Zero-point Energy = -887.55384 Hartree

EE + Thermal Energy Correction = -887.53522 Hartree
EE + Thermal Enthalpy Correction = -887.53428 Hartree
EE + Thermal Free Energy Correction = -887.60245 Hartree
E (Thermal) = 153.478 kcal/mol

Heat Capacity (Cv) = 64.804 cal/mol-kelvin

Entropy (S) = 143.481 cal/mol-kelvin

Basis Set = 6-31g+(d,p)/ Lanl2DZ
Solvation = scrf=solvent=chlorobenzene
E(RMO06) = -887.79501 Hartree

01
C -0.13338400 1.95272500  -1.42000300
H 0.49707300 2.31849100  -2.22817800
H -0.79897600 1.12300700  -1.66730100
C -0.40128500 2.76876800  -0.30497100
H -0.03751100 3.79493800  -0.29036800
H 0.09336700  -1.31992800  -0.04302500
C -1.49024100 2.44252500 0.61090100
H -2.21624300 3.19030900 0.91292900
N -1.65452000 1.23685100 1.06630600
N -0.63696700 0.38198100 1.08990700
C -0.83503200  -0.98404000 0.83036000
C -0.39388400  -1.87781800 1.98105200
H 0.58384700  -1.54369900 2.34677200
H -0.31438600  -2.91263300 1.63565000
H -1.11469900  -1.83612200 2.80605700
C -2.08604600  -1.39039000 0.15063100
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O -2.75585100  -2.38821600 0.41821500
O -2.38633100  -0.56347500  -0.90578700
C -3.59027500  -0.89248700  -1.65246400
H -3.66533000  -0.13069300  -2.42662200
H -4.46138400  -0.86864400  -0.99269900
H -3.49984100  -1.89011600  -2.08986000
Pd 1.13431900 1.15635700 0.10358500
O 2.62141800  -0.42601700  -0.06047300
C 2.26936400  -1.58891300  -0.46383800
O 1.04382800  -1.92481200  -0.71793400
C 3.31489900  -2.64316500  -0.66008300
H 3.20107800  -3.09508400  -1.65026800
H 3.17302600  -3.44142200 0.07714100
H 431248700  -2.21571900  -0.55029800
¢

,ﬁ} Ko AA containing Pd

Calculation Method = RM06

Formula = COH14N204Pd

Basis Set = 6-31g+(d,p)/ Lan12DZ

Charge =0

Spin = Singlet

Solvation = None

E(RMO06) = -887.81479 Hartree

RMS Gradient Norm = 8.16e-06 Hartree/Bohr

Imaginary Freq =0

Dipole Moment = 2.8441742 Debye

Polarizability (?) = 158.77767 a.u.

Point Group = Cl1

Molecular Mass = 319.99884 amu

Job cpu time: 0 days 0 hours 24 minutes 23.0 seconds.

Thermo Tab Data Section:
Imaginary Freq =0
Temperature = 298.15 Kelvin
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Pressure = 1 atm

Frequencies scaled by = 1
Electronic Energy (EE) = -887.81479 Hartree

Zero-point Energy Correction = 0.231184 Hartree

Thermal Correction to Energy = 0.250709 Hartree

Thermal Correction to Enthalpy = 0.251653 Hartree

Thermal Correction to Free Energy = 0.179842 Hartree

EE + Zero-point Energy = -887.5836 Hartree

EE + Thermal Energy Correction = -887.56408 Hartree

EE + Thermal Enthalpy Correction = -887.56313 Hartree

EE + Thermal Free Energy Correction = -887.63494 Hartree
E (Thermal) = 157.322 kcal/mol
Heat Capacity (Cv) = 66.478 cal/mol-kelvin
Entropy (S) = 151.14 cal/mol-kelvin

Basis Set = 6-31g+(d,p)/ Lanl2DZ

Solvation = scrf=solvent=chlorobenzene

E(RMO06) = -887.82831 Hartree

()
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-0.23829800
0.26062800
-0.90438900
-0.43315100
-0.07043800
1.40944500
-1.43639100
-1.99853400
-1.74297600
-0.95951300
-1.33036300
-0.41700500
0.46195700
-0.10145800
-0.92838800
-2.58652100
-3.03738200

-1.60680700
-1.94428900
-0.75225500
-2.50422200
-3.52639600
0.70573000
-2.31302400
-3.18023100
-1.20304300
-0.11318300
1.07179200
2.22295900
1.86258100
2.71426000
2.98501900
1.39572900
2.54077300
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1.42524800
2.33177900
1.54537100
0.36225800
0.47045800
1.33947700
-0.68466600
-1.02381500
-1.27758000
-1.19708800
-0.81441400
-1.08778400
-1.63043800
-0.15754300
-1.68830300
-0.10973200
-0.00094400



O -3.19027600 0.30936300 0.45293500
C -4.46008200 0.54915100 1.12162000
H -4.77264600  -0.42463100 1.49335100
H -5.18698700 0.95125600 0.41129200
H -4.32737500 1.26290700 1.93907600
Pd 1.26591400  -1.16061300  -0.05920000
O 2.93701600 0.32536900  -0.40345800
C 291138500 1.35077000 0.30476300
O 2.01442300 1.50295900 1.29989600
C 3.81701500 2.51323700 0.13759300
H 4.26506200 2.78566800 1.09755200
H 3.23699500 3.37765000  -0.20661300
H 4.59171600 227929100  -0.59251100

AA without Pd

Calculation Method = 6-31g+(d,p)/ Lanl2DZ

Formula = C7TH10N202

Basis Set = 6-31+G(d,p)

Charge =0

Spin = Singlet

Solvation = None

E(RMO06) = -532.33693 Hartree

RMS Gradient Norm = 2.1995e-05 Hartree/Bohr

Imaginary Freq =0

Dipole Moment = 2.4582131 Debye

Polarizability (?) = 111.21333 a.u.

Point Group = Cl1

Molecular Mass = 154.07423 amu

Job cpu time: 0 days O hours 41 minutes 40.6 seconds.

Thermo Tab Data Section:
Imaginary Freq =0
Temperature = 298.15 Kelvin
Pressure = 1 atm
Frequencies scaled by = 1

Electronic Energy (EE) = -532.33693 Hartree
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Zero-point Energy Correction = 0.165952 Hartree
Thermal Correction to Energy = 0.178043 Hartree
Thermal Correction to Enthalpy = 0.178987 Hartree
Thermal Correction to Free Energy = 0.126916 Hartree
EE + Zero-point Energy = -532.17098 Hartree

EE + Thermal Energy Correction = -532.15889 Hartree
EE + Thermal Enthalpy Correction = -532.15794 Hartree
EE + Thermal Free Energy Correction = -532.21001 Hartree
E (Thermal) = 111.724 kcal/mol

Heat Capacity (Cv) = 42.069 cal/mol-kelvin

Entropy (S) = 109.595 cal/mol-kelvin

Opt Tab Data Section:

Step number = 1

Maximum force = 3.9¢-05 Converged

RMS force = 1.2e-05 Converged

Maximum displacement = 0.001532 Converged
RMS displacement = 0.000337 Converged
Predicted energy change = -3.728526e-08 Hartree

Basis Set = 6-31+G(d,p)
Solvation = scrf=solvent=chlorobenzene
E(RMO06) = -532.34408 Hartree

01
C -1.96735300  -1.75352200 0.88658300
H -2.20485300  -2.58110200 1.55051200
H -0.93070000  -1.64006700 0.58288900
C -2.94549300  -0.94649300 0.44928200
H -3.96494400  -1.13519700 0.78763700
C -2.83029900 0.16488800  -0.49010700
H -3.76341200 0.62869300  -0.81230300
N -1.77850300 0.69269700  -1.00765200
N -0.56892200 0.17649600  -0.77971400
C 0.25643500 0.85641000  -0.06590300
C -0.08408800 2.13395300 0.62206900
H -0.63457600 2.78316600 -0.07011600
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H 0.81459400 2.63670300 0.98337600
H -0.74914400 1.94514200 1.47527200
C 1.64173900 0.31876200 0.08473400
O 2.53682300 0.94527100 0.61082800
O 1.78399400  -0.91901200  -0.39777200
C 3.09999300  -1.46047300  -0.29661300
H 3.04396000  -2.45937100  -0.72977800
H 3.41609900  -1.51131000 0.74975000
H 3.81281300  -0.84223000  -0.85040500
w

?’r}’r TS of AA to AC

Calculation Method = RM06

Formula = C7TH10N202

Basis Set = 6-31+G(d,p)

Charge =0

Spin = Singlet

Solvation = None

E(RMO06) = -532.30381 Hartree

RMS Gradient Norm = 8.272e-06 Hartree/Bohr

Imaginary Freq =1

Dipole Moment = 3.1603977 Debye

Polarizability (?) = 120.82133 a.u.

Point Group = Cl1

Molecular Mass = 154.07423 amu

Job cpu time: 0 days 0 hours 32 minutes 13.4 seconds.

Thermo Tab Data Section:

Imaginary Freq =1

Temperature = 298.15 Kelvin

Pressure = 1 atm

Frequencies scaled by = 1

Electronic Energy (EE) =-532.30381 Hartree
Zero-point Energy Correction = 0.165385 Hartree
Thermal Correction to Energy = 0.176443 Hartree
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Thermal Correction to Enthalpy = 0.177388 Hartree

Thermal Correction to Free Energy = 0.128113 Hartree

EE + Zero-point Energy = -532.13843 Hartree

EE + Thermal Energy Correction = -532.12737 Hartree

EE + Thermal Enthalpy Correction = -532.12642 Hartree

EE + Thermal Free Energy Correction = -532.1757 Hartree
E (Thermal) = 110.72 kcal/mol
Heat Capacity (Cv) = 39.569 cal/mol-kelvin

Entropy (S) = 103.707 cal/mol-kelvin

Basis Set = 6-31+G(d,p)
Solvation = scrf=solvent=chlorobenzene
E(RMO06) = -532.31074 Hartree
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1.36565900
0.83727400
0.98299500
2.70175600
3.33571100
2.99751000
3.98186300
1.98597800
0.81321600
-0.24861200
-0.17082900
0.17178100
-1.14743200
0.56770600
-1.56614900
-2.61164300
-1.50585900
-2.76951200
-2.55297000
-3.29240000
-3.39780400

-1.47777100
-2.40111600
-0.98660300
-1.30216700
-2.13093400
-0.01300600
0.31501100
0.82650900
0.25936800
0.97443600
2.43869200
2.97542200
2.82547800
2.64161500
0.31620100
0.91124300
-1.01658800
-1.67673300
-2.73335000
-1.53361600
-1.28819500
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-0.59554500
-0.35427700
-1.48599800
-0.21001500
0.09557400
0.21704200
0.54059200
0.45951800
0.25099800
0.00723600
-0.26050000
0.63311400
-0.55788000
-1.04557900
0.00857000
-0.16126600
0.19662800
0.21089000
0.37353700
-0.73965700
1.01800200



I ac
Calculation Method = RMO06
Formula = C7TH10N202
Basis Set = 6-31+G(d,p)
Charge =0
Spin = Singlet
Solvation = None
E(RMO06) = -532.33931 Hartree
RMS Gradient Norm = 8.033e-06 Hartree/Bohr
Imaginary Freq =0
Dipole Moment = 3.8677899 Debye
Polarizability (?) = 120.143 a.u.
Point Group = Cl1
Molecular Mass = 154.07423 amu

Job cpu time: 0 days 0 hours 39 minutes 27.2 seconds.

Thermo Tab Data Section:

Imaginary Freq =0

Temperature = 298.15 Kelvin

Pressure = 1 atm

Frequencies scaled by = 1

Electronic Energy (EE) =-532.33931 Hartree

Zero-point Energy Correction = 0.168121 Hartree
Thermal Correction to Energy = 0.178846 Hartree
Thermal Correction to Enthalpy = 0.17979 Hartree
Thermal Correction to Free Energy = 0.131803 Hartree
EE + Zero-point Energy = -532.17119 Hartree

EE + Thermal Energy Correction = -532.16046 Hartree
EE + Thermal Enthalpy Correction = -532.15952 Hartree
EE + Thermal Free Energy Correction = -532.2075 Hartree
E (Thermal) = 112.228 kcal/mol

Heat Capacity (Cv) = 39.607 cal/mol-kelvin
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Entropy (S) = 100.997 cal/mol-kelvin

Basis Set = 6-31+G(d,p)

Solvation = scrf=solvent=chlorobenzene

E(RMO06) = -532.34663 Hartree

-1.08322300
-0.57260600
-0.57298400
-2.55814300
-3.07976900
-3.06996600
-4.11070200
-2.11957200
-0.94062300
0.18679700
0.03308000
-0.54291300
1.01588400
-0.54184200
1.52258200
2.53876500
1.56126600
2.87417300
2.73847100
3.42772900
3.42804500
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i

CfTS of AC to AD

Calculation Method = RM06
Formula = C7TH10N202
Basis Set = 6-31+G(d,p)

-1.28660600
-1.69287800
-1.69268400
-1.44122800
-2.38791100
-0.19602300
0.10533600
0.80785800
0.20251200
0.92665800
2.40178400
2.73245100
2.87483600
2.73268000
0.35505800
1.02663000
-1.00258900
-1.56068800
-2.64319300
-1.24366700
-1.24362800
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-0.00001900
-0.87996500
0.88027300
-0.00019200
-0.00029600
0.00008400
0.00006800
0.00014500
0.00003800
0.00000900
-0.00005000
-0.87491500
-0.00056900
0.87545600
-0.00006900
-0.00008300
-0.00008200
0.00014000
0.00007300
0.88879500
-0.88830100



Charge =0

Spin = Singlet

Solvation = None

E(RMO06) = -532.30972 Hartree

RMS Gradient Norm = 5.406e-06 Hartree/Bohr
Imaginary Freq =1

Dipole Moment = 1.3925487 Debye
Polarizability (?) = 118.89733 a.u.

Point Group = Cl1

Molecular Mass = 154.07423 amu

Job cpu time: 0 days 0 hours 30 minutes 55.2 seconds.

Thermo Tab Data Section:

Imaginary Freq =1

Temperature = 298.15 Kelvin

Pressure = 1 atm

Frequencies scaled by = 1

Electronic Energy (EE) = -532.30972 Hartree
Zero-point Energy Correction = 0.163737 Hartree
Thermal Correction to Energy = 0.173972 Hartree
Thermal Correction to Enthalpy = 0.174916 Hartree
Thermal Correction to Free Energy = 0.128093 Hartree
EE + Zero-point Energy = -532.14598 Hartree

EE + Thermal Energy Correction = -532.13574 Hartree
EE + Thermal Enthalpy Correction = -532.1348 Hartree
EE + Thermal Free Energy Correction = -532.18162 Hartree
E (Thermal) = 109.169 kcal/mol

Heat Capacity (Cv) = 38.125 cal/mol-kelvin

Entropy (S) = 98.548 cal/mol-kelvin

Basis Set = 6-31+G(d,p)
Solvation = scrf=solvent=chlorobenzene

E(RMO06) = -532.31463 Hartree

01
C 1.35975000  -1.13161400 0.37095200
H 1.09804200  -1.52351600 1.36051000
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H 0.22190800  -1.57979400
C 2.73328200  -1.20669400
H 3.35145900  -2.09381700
C 3.09315900 0.06620300
H 4.04444800 0.43484300
N 2.06058900 0.95602400
N 1.05080700 0.25766800
C -0.23274900 0.77044600
C -0.39356700 2.24225500
H 0.24125000 2.76785700
H -1.43380400 2.52392200
H -0.09436800 2.59723100
C -1.24852800  -0.16827700
O -1.07191000  -1.43080200
O -2.48564400 0.32847800
C -3.53247100  -0.61764300
H -4.45304000  -0.03307500
H -3.56375000  -1.33475100
H -3.40472500  -1.16421500

#

7~ AD
Calculation Method = RM06
Formula = CTHI0N202
Basis Set = 6-31+G(d,p)
Charge =0
Spin = Singlet
Solvation = None
E(RMO06) = -532.3638 Hartree
RMS Gradient Norm = 1.518e-06 Hartree/Bohr
Imaginary Freq =0
Dipole Moment = 0.90591136 Debye
Polarizability (?) = 110.10333 a.u.
Point Group = C1
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-0.11119300
-0.04857800
-0.03855100
-0.39216900
-0.75402300
-0.25110300
0.20911900
0.28249400
0.14623300
0.86936100
0.32034500
-0.85028800
0.08438900
-0.01397500
-0.07238100
-0.25887200
-0.28767300
0.56765100
-1.19810600



Molecular Mass = 154.07423 amu

Job cpu time:

Thermo Tab Data Section:

Imaginary Freq =0

Temperature = 298.15 Kelvin

Pressure = 1 atm

Frequencies scaled by = 1

Electronic Energy (EE) = -532.3638 Hartree

Zero-point Energy Correction = (0.169294 Hartree
Thermal Correction to Energy = 0.180003 Hartree
Thermal Correction to Enthalpy = 0.180947 Hartree
Thermal Correction to Free Energy = 0.131843 Hartree
EE + Zero-point Energy = -532.1945 Hartree

EE + Thermal Energy Correction = -532.18379 Hartree
EE + Thermal Enthalpy Correction = -532.18285 Hartree
EE + Thermal Free Energy Correction = -532.23195 Hartree
E (Thermal) = 112.953 kcal/mol

Heat Capacity (Cv) = 39.159 cal/mol-kelvin

Entropy (S) = 103.348 cal/mol-kelvin

Basis Set = 6-31+G(d,p)

Charge =0

Spin = Singlet

Solvation = scrf=solvent=chlorobenzene

E(RMO06) = -532.3677 Hartree

0 days 0 hours 35 minutes 25.4 seconds.

01
C -2.25712600 0.90275200  -0.00577300
H -2.26387800 1.98328900  -0.01953300
H 0.26250800  -1.71201500  -0.01824300
C -3.29649600  -0.01250800 0.00573300
H -4.35530300 0.20263000 0.00440300
C -2.66695300  -1.26029100 0.01890900
H -3.10611100  -2.24960600 0.02992500
N -1.33850800  -1.13114100 0.01738600
N -1.09782100 0.19995900 0.00126000
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C 0.22695100 0.71925000  -0.00114000
C 0.35436000 2.20186900 0.01921400
H -0.09485100 2.66996500  -0.86912900
H 1.40979300 2.47918200 0.03918800
H -0.12447400 2.64339400 0.90537900
C 1.28428500  -0.13111500  -0.03681200
O 1.22691500  -1.45898900  -0.04771200
O 2.52840800 0.37737200  -0.07589300
C 3.61603200  -0.52486700 0.07464200
H 4.51297000 0.09573800 0.04506400
H 3.64253400  -1.25650200  -0.73882300
H 3.56220600  -1.05541000 1.03144400
A 16

Calculation Method = RM06

Formula = CTHI0N202

Basis Set = 6-31+G(d,p)

Charge =0

Spin = Singlet

Solvation = None

E(RMO06) = -532.39087 Hartree

RMS Gradient Norm = 7.07e-06 Hartree/Bohr

Imaginary Freq =0

Dipole Moment = 1.8247174 Debye

Polarizability (?) = 98.595667 a.u.

Point Group = Cl1

Molecular Mass = 154.07423 amu

Job cpu time: 0 days 0 hours 30 minutes 44.0 seconds.

Thermo Tab Data Section:
Imaginary Freq =0
Temperature = 298.15 Kelvin
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Pressure = 1 atm

Frequencies scaled by = 1
Electronic Energy (EE) = -532.39087 Hartree
Zero-point Energy Correction = 0.16991 Hartree

Thermal Correction to Energy = 0.180671 Hartree

Thermal Correction to Enthalpy = 0.181615 Hartree

Thermal Correction to Free Energy = 0.131783 Hartree

EE + Zero-point Energy = -532.22096 Hartree

EE + Thermal Energy Correction = -532.2102 Hartree

EE + Thermal Enthalpy Correction = -532.20926 Hartree

EE + Thermal Free Energy Correction = -532.25909 Hartree
E (Thermal) = 113.373 kcal/mol
Heat Capacity (Cv) = 38.569 cal/mol-kelvin
Entropy (S) = 104.88 cal/mol-kelvin

Basis Set = 6-31+G(d,p)

Charge =0
Spin = Singlet

Solvation = scrf=solvent=chlorobenzene
E(RMO06) = -532.39914 Hartree
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-2.04915400
-1.98630400
0.10677300
-2.99161200
-3.91650900
-2.47291600
-2.90240200
-1.30655300
-1.07399800
0.19687300
0.47920800
0.53743200
1.42598800
-0.32718200
1.25722100

-0.27029600
-0.28592900
0.93401000
-0.75957700
-1.26324800
-0.44992000
-0.65855700
0.18243200
0.29859900
0.84183300
2.19051600
2.10168900
2.59487800
2.88676000
-0.23582200
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0.96610000
2.04671800
1.75935000
0.08852200
0.33128800
-1.18426300
-2.15656200
-1.10650400
0.21493500
0.66834000
0.04050800
-1.04703400
0.40986700
0.29119500
0.44411500



1.20870400  -1.31824200 0.97797000
2.22319300 0.14948900  -0.39163200
3.22251800  -0.83530500  -0.66678000
3.72756900  -1.13453100 0.25615600
3.92406500 -0.36367700  -1.35484200
2.76642100  -1.71715800  -1.12510400

— - = O O O

TS of G to AA

Calculation Method = RMO06
Formula = COH14N204Pd

Basis Set = 6-31g+(d,p)/ Lanl2DZ
Charge =0

Spin = Singlet

Solvation = None

E(RMO06) = -887.7756 Hartree
RMS Gradient Norm = 9.05e-07 Hartree/Bohr
Imaginary Freq =1

Dipole Moment = 3.1007483 Debye
Polarizability (?) = 177.836 a.u.
Point Group = C1

Molecular Mass = 319.99884 amu

Job cpu time: 0 days O hours 19 minutes 4.7 seconds.

Thermo Tab Data Section:

Imaginary Freq =1

Temperature = 298.15 Kelvin

Pressure = 1 atm

Frequencies scaled by = 1

Electronic Energy (EE) = -887.7756 Hartree
Zero-point Energy Correction = (0.229774 Hartree
Thermal Correction to Energy = 0.248133 Hartree
Thermal Correction to Enthalpy = 0.249077 Hartree
Thermal Correction to Free Energy = 0.181798 Hartree
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EE + Zero-point Energy = -887.54583 Hartree

EE + Thermal Energy Correction = -887.52747 Hartree

EE + Thermal Enthalpy Correction = -887.52652 Hartree
EE + Thermal Free Energy Correction = -887.5938 Hartree
E (Thermal) = 155.706 kcal/mol

Heat Capacity (Cv) = 64.309 cal/mol-kelvin

Entropy (S) = 141.601 cal/mol-kelvin

Basis Set = 6-31g+(d,p)/ Lanl2DZ
Charge =0

Spin = Singlet

Solvation = scrf=solvent=chlorobenzene
E(RMO06) = -887.78706 Hartree

According to the IRC calculation, the transformation from G to AA proceeds via the TS like five-

membered palladacycle to form alkene during releasing Pd, which coordinates to alkene terminus.
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Calculation Type = IRC

Calculation Method =

Formula = C9H14N204Pd

Basis Set =

Charge =0

Spin = Singlet

Solvation = None

E(RMO06) = -887.7756 Hartree

RMS Gradient Norm = 9.39e-07 Hartree/Bohr
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Imaginary Freq =

Dipole Moment = 3.1008178 Debye
Polarizability (?) =0 a.u.

Point Group = Cl1

Molecular Mass = 319.99884 amu

Job cpu time: 0 days 9 hours 30 minutes 33.0 seconds.
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DFT calculations [Scheme 54]

AG
(kcal/mol)

AE

Calculation Type = FREQ
Calculation Method = RM06

Basis Set = Gen

Charge =0

Spin = Singlet

Solvation = None

E(RMO06) = -887.82426 Hartree
RMS Gradient Norm = 2.366e-06 Hartree/Bohr
Imaginary Freq =0

Dipole Moment = 0.62056318 Debye
Polarizability (?) = 171.097 a.u.
Point Group = C1

Job cpu time: 0 days 0 hours 20 minutes 11.0 seconds.

Thermo Tab Data Section:
Imaginary Freq =0
Temperature = 298.15 Kelvin
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Pressure = 1 atm

Frequencies scaled by = 1

Electronic Energy (EE) = -887.82426 Hartree

Zero-point Energy Correction = 0.234024 Hartree
Thermal Correction to Energy = 0.2523 Hartree

Thermal Correction to Enthalpy = 0.253245 Hartree
Thermal Correction to Free Energy = 0.185577 Hartree
EE + Zero-point Energy = -887.59024 Hartree

EE + Thermal Energy Correction = -887.57196 Hartree
EE + Thermal Enthalpy Correction = -887.57102 Hartree
EE + Thermal Free Energy Correction = -887.63868 Hartree
E (Thermal) = 158.321 kcal/mol

Heat Capacity (Cv) = 63.935 cal/mol-kelvin

Entropy (S) = 142.418 cal/mol-kelvin

Calculation Type = SP

Calculation Method = RM06

Basis Set = Gen

Charge =0

Spin = Singlet

Solvation = scrf=solvent=chlorobenzene

E(RMO06) = -887.83427 Hartree

# opt=calcfc freq gen m06 pseudo=read

01
C 0.05492700 3.69742500 0.80324200
H -0.89455500 3.60111100 1.32153200
H 0.81712300 4.25968800 1.33305500
C -0.00277100 3.75316500  -0.70451400
H -0.98651800 3.68709800  -1.15936100
H 0.71889600 4.35494100  -1.24740800
C 0.49285100 2.51095900  -0.01229400
H 1.54828500 2.26991100  -0.06873000
N -0.30838400 1.29966800  -0.03153200
N -1.58341800 1.42770900  -0.02607900
C -2.51384500 0.46949300  -0.01791000
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Pdo
lanl2dz
skskesksk
CHNOO
6-31g+(d,p)

skokoksk

Pd O
lanl2dz

-3.94812300
-4.47621300
-3.98532600
-4.49317500
-2.19968600
-1.03806000
-3.27350800
-3.02661200
-2.47334600
-4.01795500
-2.45254000
0.70964800
2.70525100
3.19060900
2.35278100
4.65852300
5.07646500
5.12483900
4.88589600

TS of AE to AF

Calculation Type = FREQ
Calculation Method = RM06

0.90548000
0.52762200
1.99769400
0.54027800
-0.91386000
-1.45269200
-1.73662500
-3.17261900
-3.48073100
-3.62126900
-3.43733000
-0.40642400
0.28082900
-0.93628300
-1.91014900
-1.14497000
-0.76220200
-0.58756400
-2.20900700
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-0.03471600
-0.91849800
-0.04360900
0.84395400
0.00234300
0.01554600
0.00952300
0.04172100
-0.84854300
0.06366000
0.93274700
-0.00604600
-0.01675400
-0.01320600
-0.00619900
0.00374600
0.94197100
-0.81394500
-0.08280800



Basis Set = Gen

Charge =0

Spin = Singlet

Solvation = None

E(RMO06) = -887.78269 Hartree

RMS Gradient Norm = 2.519e-06 Hartree/Bohr
Imaginary Freq =1

Dipole Moment = 5.5019843 Debye
Polarizability (?) = 167.629 a.u.

Point Group = Cl1

Job cpu time: 0 days 0 hours 20 minutes 35.2 seconds.

Thermo Tab Data Section:

Imaginary Freq =1

Temperature = 298.15 Kelvin

Pressure = 1 atm

Frequencies scaled by = 1

Electronic Energy (EE) = -887.78269 Hartree

Zero-point Energy Correction = 0.230676 Hartree
Thermal Correction to Energy = 0.248893 Hartree
Thermal Correction to Enthalpy = 0.249837 Hartree
Thermal Correction to Free Energy = 0.182717 Hartree
EE + Zero-point Energy = -887.55202 Hartree

EE + Thermal Energy Correction = -887.5338 Hartree
EE + Thermal Enthalpy Correction = -887.53286 Hartree
EE + Thermal Free Energy Correction = -887.59998 Hartree
E (Thermal) = 156.183 kcal/mol

Heat Capacity (Cv) = 63.805 cal/mol-kelvin

Entropy (S) = 141.267 cal/mol-kelvin

Calculation Type = SP

Calculation Method = RM06

Basis Set = Gen

Charge =0

Spin = Singlet

Solvation = scrf=solvent=chlorobenzene

E(RMO06) = -887.80055 Hartree
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# opt=(calcfc,qst3,noeigentest) freq m06/gen pseudo=read

Title Card Required

T T ZT 0o oo a0z zZ I QI QT O~

g}
o

T T =Z QO O O O

1.36031583
1.92830965
1.91270212
0.80690981
0.78853833
1.03955723
-0.16664061
-0.55955762
-1.01830042
-2.28215568
-2.94228377
-4.43742365
-4.79128281
-4.81820463
-4.90699441
-2.30609965
-1.10683161
-3.22689182
-2.68493492
-2.23420146
-3.57690919
-1.93486061
0.35114256
2.02598797
2.67037717
2.14620384
4.17744571
4.55226422
4.67383088
4.47613099

-1.02167937
-1.92476969
-0.64427253
-0.07402812
-0.42463334
0.98827354
-0.66767331
-0.01431946
-1.77981258
-1.75298376
-2.90822631
-2.84563993
-3.08089681
-1.84425934
-3.56169670
-4.23028150
-4.57614922
-5.24122594
-6.56725381
-6.56052179
-7.19815427
-6.83671468
-3.13295676
-6.14376181
-5.12205801
-3.94147366
-5.10158834
-6.08176343
-4.84013070
-4.35665881
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0.02042227
0.40882848
-0.84422767
1.07213035
2.10798738
1.02877830
0.07516831
-0.72341561
0.47614022
0.12133420
0.02573132
-0.06259159
-1.07618547
0.19178550
0.62758972
-0.04033571
-0.09890035
-0.13784761
-0.41914242
-1.41741528
-0.36928983
0.33389277
0.10036664
0.07174311
-0.13909957
-0.24358549
-0.31436459
-0.62849707
0.62673405
-1.06054048



Title Card Required

T T DT 0o o a0z zZ I QDI QT O~

g}
o
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Title Card Required

01

1.71002372
2.63348218
1.90534788
0.78662493
0.76636799
1.10147229
-0.58061110
-0.96908189
-1.18856688
-2.52607943
-3.14269093
-4.63133225
-4.98059673
-5.02430182
-5.09535076
-2.46264744
-1.28087769
-3.38333537
-2.80793376
-2.34209902
-3.67834074
-2.05813985
0.56079601
1.89957548
2.64853325
2.29922868
4.14901918
4.43077953
4.67764584
4.48918832

-1.36971835
-1.63175976
-1.10358042
-0.41259258
-0.66222170
0.64583276
-0.61655578
0.17558784
-1.74920643
-1.81996493
-2.95393339
-2.90478970
-3.14241890
-1.90549356
-3.63250654
-4.30801480
-4.54688479
-5.31176069
-6.63733298
-6.65190928
-7.29484571
-6.86040840
-3.02508065
-6.03979619
-5.08731293
-3.84179008
-5.21615644
-6.22528042
-4.98054612
-4.49974625

159

0.06966150
0.59352854
-0.97173056
0.79179846
1.88260971
0.72728611
0.18704796
-0.46879529
0.47862950
0.15189645
0.01018239
-0.09203988
-1.10784701
0.16634232
0.59355096
-0.05274479
0.02689407
-0.24172000
-0.45562767
-1.44672590
-0.39252772
0.31510440
0.14657902
0.04407897
-0.14675342
-0.22051686
-0.35021786
-0.66123956
0.58010186
-1.10800525
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Pd o
lanl2dz
skskesksk
CHNOO
6-31g+(d,p)

skskoskok

1.50923686
2.24645429
1.87733194
0.80791378
0.79943519
1.07235712
-0.34803648
-0.67839464
-1.10679259
-2.38717379
-3.02803731
-4.52069176
-4.87681245
-4.90647980
-4.98440357
-2.36622631
-1.17822531
-3.29528138
-2.74021873
-2.28180597
-3.62207753
-1.98846907
0.41827797
1.96659790
2.65095538
2.20376211
4.15988724
4.49290122
4.67375263
4.48239640

-1.17868102
-1.86102528
-0.81893281
-0.21681373
-0.52571837
0.84725017
-0.67442249
-0.00514325
-1.75370775
-1.79547576
-2.92802516
-2.87184419
-3.10854492
-1.87171697
-3.59212651
-4.27392649
-4.55987693
-5.27498245
-6.60105463
-6.60033365
-7.24386060
-6.84842109
-2.99989349
-6.08387811
-5.08563695
-3.87280058
-5.14426302
-6.14042367
-4.89936902
-4.41617270
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0.03319980
0.51557858
-0.92333227
0.96005122
2.02186967
0.90841741
0.14412186
-0.67024481
0.55989081
0.12240480
0.00910789
-0.08154765
-1.09307317
0.17964601
0.61122400
-0.04458417
-0.04881863
-0.17966476
-0.43427579
-1.42923488
-0.37948514
0.32590518
0.08450394
0.05815262
-0.14313083
-0.23374985
-0.32927973
-0.64106283
0.60660429
-1.08158682



Pd O
lanl2dz

Calculation Type = FREQ
Calculation Method = RM06

Basis Set = Gen

Charge =0

Spin = Singlet

Solvation = None

E(RMO06) = -887.82668 Hartree
RMS Gradient Norm = 1.338e-06 Hartree/Bohr
Imaginary Freq =0

Dipole Moment = 8.5028182 Debye
Polarizability (?) = 164.93433 a.u.
Point Group = C1

Job cpu time: 0 days O hours 20 minutes 6.0 seconds.

Thermo Tab Data Section:

Imaginary Freq =0

Temperature = 298.15 Kelvin

Pressure = 1 atm

Frequencies scaled by = 1

Electronic Energy (EE) = -887.82668 Hartree
Zero-point Energy Correction = 0.23233 Hartree
Thermal Correction to Energy = 0.250926 Hartree
Thermal Correction to Enthalpy = 0.251871 Hartree
Thermal Correction to Free Energy = 0.182821 Hartree
EE + Zero-point Energy = -887.59435 Hartree

EE + Thermal Energy Correction = -887.57575 Hartree
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EE + Thermal Enthalpy Correction = -887.57481 Hartree
EE + Thermal Free Energy Correction = -887.64386 Hartree
E (Thermal) = 157.459 kcal/mol

Heat Capacity (Cv) = 64.772 cal/mol-kelvin

Entropy (S) = 145.328 cal/mol-kelvin

Calculation Type = SP

Calculation Method = RM06

Basis Set = Gen

Charge =0

Spin = Singlet

Solvation = scrf=solvent=chlorobenzene
E(RMO06) = -887.84791 Hartree

# opt freq gen m06 pseudo=read

Title Card Required

01
C -0.99876694 0.45006165 0.00000000
H -1.91552194 0.70957065 0.53371900
H -1.17530494 0.34798065  -1.07784500
C -0.26347394  -0.76564835 0.58905700
H -0.53865394  -0.87539535 1.65289900
H -0.55168894  -1.71553235 0.11233100
C 1.20368806  -0.60385135 0.54135400
H 1.90714306  -1.43257435 0.64029400
N 1.67285706 0.60792965 0.40937600
N 3.07305006 0.66740665 0.41255700
C 3.71116106 1.79622665 0.40775000
C 5.20376906 1.69750365 0.41018400
H 5.63118406 2.20873965  -0.45957600
H 5.48925706 0.64437465 0.39473700
H 5.62637006 2.18192465 1.29727400
C 3.12943806 3.17716965 0.41318600
O 1.93824806 3.51608965 0.34511600
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Pdo
lanl2dz
skskeosksk
CHNOO
6-31g+(d,p)

skokoksk

Pd O
lanl2dz

4.10583806
3.68809006
3.13892706
4.61558506
3.04503706
0.24021806
-2.67538694
-2.33256794
-1.21635094
-3.19947994
-4.10474094
-3.46386194
-2.64294794

4.10483465
5.50701865
5.74005365
6.07107765
5.68965165
2.04643665
2.64992965
3.47846465
3.43631465
4.66684265
4.65990065
4.63384665
5.59521765
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0.50751700
0.52505700
-0.38993000
0.59076700
1.38890900
0.17259400
1.45841700
0.58892600
-0.11768800
0.23889300
0.84908800
-0.82352400
0.40594200



DFT calculations [Scheme 56].

The molecular geometries for each transition states were first estimated with the Reaction plus software
package, based on the nudged elastic band method, 3¢ and were subsequently re-optimized using the
Gaussian 16 software package. *” Once the stationary points were obtained at B97D/6-31G+(d, p)-
def2TZV (Lanl2DZ for Pd) level, 3% °% %% the harmonic vibrational frequencies were calculated at the
same level to estimate the Gibbs free energy. The nature of the stationary points was characterized via
vibrational analysis. All of the Gibbs free energy values reported in this paper were calculated for a
temperature of 298.15 K. The transition structure reported was optimized without constraints and the
intrinsic reaction coordinate (IRC) route was calculated in both directions toward the corresponding
minima for each transition-state structure. The IRC calculation failed to reach the energy minima on the
potential energy surface for the transition states, and we therefore carried out geometry optimizations as a
continuation of the IRC path. For each optimized structure (potential energy minimum or transition state
computed at B97D/6-31G+(d, p)-def2TZV (Lanl2DZ for Pd) level), additional single-point energy

calculations in the presence of chlorobenzene were performed at the same level. The 3D optimized

structural figures in this paper were displayed by the CYLview visualization program. °%
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Calculation Type = FREQ
Calculation Method = RB97D
Formula = COH14N204Pd

Basis Set = Gen/def2TZV

Charge =0

Spin = Singlet

Solvation = None

E(RB97D) = -888.148 Hartree

RMS Gradient Norm = 1.357e-06 Hartree/Bohr
Imaginary Freq =0

Dipole Moment = 0.806392 Debye
Polarizability (?) = 186.15633 a.u.
Point Group = Cl1

Molecular Mass = 319.99884 amu

Job cpu time: 0 days Ohours 9 minutes 45.3 seconds.

Thermo Tab Data Section:

Imaginary Freq =0

Temperature = 298.15 Kelvin

Pressure = 1 atm

Frequencies scaled by = 1

Electronic Energy (EE) = -888.148 Hartree

Zero-point Energy Correction = 0.225096 Hartree
Thermal Correction to Energy = 0.244167 Hartree
Thermal Correction to Enthalpy = 0.245112 Hartree
Thermal Correction to Free Energy = 0.175058 Hartree
EE + Zero-point Energy = -887.9229 Hartree

EE + Thermal Energy Correction = -887.90383 Hartree
EE + Thermal Enthalpy Correction = -887.90289 Hartree
EE + Thermal Free Energy Correction = -887.97294 Hartree
E (Thermal) = 153.217 kcal/mol
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Heat Capacity (Cv) = 66.252 cal/mol-kelvin
Entropy (S) = 147.439 cal/mol-kelvin

Calculation Type = SP

Calculation Method = RB97D

Formula = COH14N204Pd

Basis Set = Gen/def2TZV

Charge =0

Spin = Singlet

Solvation = scrf=solvent=chlorobenzene

E(RB97D) = -888.15772 Hartree

Jﬂ TS of AE to AF
Calculation Type = FREQ
Calculation Method = RB97D
Formula = COH14N204Pd

Basis Set = Gen/def2TZV

Charge =0

Spin = Singlet

Solvation = None

E(RB97D) = -888.109 Hartree

RMS Gradient Norm = 2.05e-07 Hartree/Bohr
Imaginary Freq =1

Dipole Moment = 4.6693763 Debye
Polarizability (?) = 185.76033 a.u.
Point Group = Cl1

Molecular Mass = 319.99884 amu

Job cpu time: 0 days 0 hours 11 minutes 19.5 seconds.

Thermo Tab Data Section:

Imaginary Freq =1
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Temperature = 298.15 Kelvin

Pressure = 1 atm

Frequencies scaled by = 1

Electronic Energy (EE) = -888.109 Hartree

Zero-point Energy Correction = 0.22219 Hartree
Thermal Correction to Energy = 0.241022 Hartree
Thermal Correction to Enthalpy = 0.241966 Hartree
Thermal Correction to Free Energy = 0.173658 Hartree
EE + Zero-point Energy = -887.8868 Hartree

EE + Thermal Energy Correction = -887.86797 Hartree
EE + Thermal Enthalpy Correction = -887.86703 Hartree
EE + Thermal Free Energy Correction = -887.93534 Hartree
E (Thermal) = 151.243 kcal/mol

Heat Capacity (Cv) = 65.944 cal/mol-kelvin

Entropy (S) = 143.767 cal/mol-kelvin

Calculation Type = SP

Calculation Method = RB97D

Formula = COH14N204Pd

Basis Set = Gen/def2TZV

Charge =0

Spin = Singlet

Solvation = scrf=solvent=chlorobenzene

E(RB97D) = -888.12516 Hartree

Calculation Type = FREQ
Calculation Method = RB97D
Formula = COH14N204Pd
Basis Set = Gen/def2TZV
Charge =0

Spin = Singlet
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Solvation = None

E(RB97D) = -888.15572 Hartree

RMS Gradient Norm = 8.292¢-06 Hartree/Bohr
Imaginary Freq =0

Dipole Moment = 7.8355929 Debye
Polarizability (?) = 183.897 a.u.

Point Group = C1

Molecular Mass = 319.99884 amu

Job cpu time: 0 days 0 hours 10 minutes 3.1 seconds.

Thermo Tab Data Section:

Imaginary Freq =0

Temperature = 298.15 Kelvin

Pressure = 1 atm

Frequencies scaled by = 1

Electronic Energy (EE) = -888.15572 Hartree

Zero-point Energy Correction = 0.223323 Hartree
Thermal Correction to Energy = 0.242619 Hartree
Thermal Correction to Enthalpy = 0.243564 Hartree
Thermal Correction to Free Energy = 0.172917 Hartree
EE + Zero-point Energy = -887.93239 Hartree

EE + Thermal Energy Correction = -887.9131 Hartree
EE + Thermal Enthalpy Correction = -887.91215 Hartree
EE + Thermal Free Energy Correction = -887.9828 Hartree
E (Thermal) = 152.246 kcal/mol

Heat Capacity (Cv) = 67.114 cal/mol-kelvin

Entropy (S) = 148.689 cal/mol-kelvin

Calculation Type = SP

Calculation Method = RB97D

Formula = COH14N204Pd

Basis Set = Gen/def2TZV

Charge =0

Spin = Singlet

Solvation = scrf=solvent=chlorobenzene

E(RB97D) = -888.17472 Hartree
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f TS of AF to AG

Calculation Type = FREQ
Calculation Method = RB97D
Formula = C11H18N206Pd

Basis Set = Gen/def2TZV

Charge =0

Spin = Singlet

Solvation = None

E(RB97D) =-1117.0687 Hartree
RMS Gradient Norm = 6.51e-07 Hartree/Bohr
Imaginary Freq =1

Dipole Moment = 3.1427077 Debye
Polarizability (?) = 226.46933 a.u.
Point Group = Cl1

Molecular Mass = 380.01997 amu

Job cpu time: 0 days 0 hours 20 minutes 42.0 seconds.

Thermo Tab Data Section:

Imaginary Freq =1

Temperature = 298.15 Kelvin

Pressure = 1 atm

Frequencies scaled by = 1

Electronic Energy (EE) =-1117.0687 Hartree

Zero-point Energy Correction = 0.27912 Hartree
Thermal Correction to Energy = 0.303315 Hartree
Thermal Correction to Enthalpy = 0.304259 Hartree
Thermal Correction to Free Energy = 0.222463 Hartree
EE + Zero-point Energy =-1116.7896 Hartree

EE + Thermal Energy Correction = -1116.7654 Hartree
EE + Thermal Enthalpy Correction = -1116.7645 Hartree
EE + Thermal Free Energy Correction = -1116.8463 Hartree
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E (Thermal) = 190.333 kcal/mol
Heat Capacity (Cv) = 84.446 cal/mol-kelvin
Entropy (S) = 172.153 cal/mol-kelvin

Calculation Type = SP

Calculation Method = RB97D

Formula = C11H18N206Pd

Basis Set = Gen/def2TZV

Charge =0

Spin = Singlet

Solvation = scrf=solvent=chlorobenzene

E(RB97D) =-1117.0809 Hartree

Calculation Type = FREQ
Calculation Method = RB97D
Formula = C11H18N206Pd

Basis Set = Gen/def2TZV

Charge =0

Spin = Singlet

Solvation = None

E(RB97D) = -1117.0903 Hartree
RMS Gradient Norm = 5.662¢-06 Hartree/Bohr
Imaginary Freq =0

Dipole Moment = 3.4031855 Debye
Polarizability (?) =210.37667 a.u.
Point Group = Cl1

Molecular Mass = 380.01997 amu

Job cpu time: 0 days 0 hours 20 minutes 15.9 seconds.

Thermo Tab Data Section:

Imaginary Freq =0
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Temperature = 298.15 Kelvin

Pressure = 1 atm

Frequencies scaled by = 1

Electronic Energy (EE) = -1117.0903 Hartree

Zero-point Energy Correction = 0.284129 Hartree
Thermal Correction to Energy = 0.309021 Hartree
Thermal Correction to Enthalpy = 0.309965 Hartree
Thermal Correction to Free Energy = 0.227344 Hartree
EE + Zero-point Energy = -1116.8062 Hartree

EE + Thermal Energy Correction = -1116.7813 Hartree
EE + Thermal Enthalpy Correction = -1116.7804 Hartree
EE + Thermal Free Energy Correction = -1116.863 Hartree
E (Thermal) = 193.914 kcal/mol

Heat Capacity (Cv) = 86.506 cal/mol-kelvin

Entropy (S) = 173.891 cal/mol-kelvin

Calculation Type = SP

Calculation Method = RB97D

Formula = C11H18N206Pd

Basis Set = Gen/def2TZV

Charge =0

Spin = Singlet

Solvation = scrf=solvent=chlorobenzene

E(RB97D) = -1117.1005 Hartree

L x
!f TS of AG to 15’

Calculation Type = FREQ
Calculation Method = RB97D
Formula = COH14N204Pd
Basis Set = Gen/def2TZV
Charge =0

Spin = Singlet
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Solvation = None

E(RB97D) = -888.1084 Hartree

RMS Gradient Norm = 6.28e-07 Hartree/Bohr
Imaginary Freq =1

Dipole Moment = 3.3307199 Debye
Polarizability (?) = 179.039 a.u.

Point Group = C1

Molecular Mass = 319.99884 amu

Job cpu time: 0 days 0 hours 12 minutes 12.4 seconds.

Thermo Tab Data Section:

Imaginary Freq =1

Temperature = 298.15 Kelvin

Pressure = 1 atm

Frequencies scaled by = 1

Electronic Energy (EE) = -888.1084 Hartree

Zero-point Energy Correction = 0.217867 Hartree
Thermal Correction to Energy = 0.237248 Hartree
Thermal Correction to Enthalpy = 0.238193 Hartree
Thermal Correction to Free Energy = 0.167882 Hartree
EE + Zero-point Energy = -887.89053 Hartree

EE + Thermal Energy Correction = -887.87115 Hartree
EE + Thermal Enthalpy Correction = -887.8702 Hartree
EE + Thermal Free Energy Correction = -887.94051 Hartree
E (Thermal) = 148.876 kcal/mol

Heat Capacity (Cv) = 67.511 cal/mol-kelvin

Entropy (S) = 147.981 cal/mol-kelvin

Calculation Type = SP

Calculation Method = RB97D

Formula = COH14N204Pd

Basis Set = Gen/def2TZV

Charge =0

Spin = Singlet

Solvation = scrf=solvent=chlorobenzene

E(RB97D) = -888.12573 Hartree
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Calculation Type = FREQ
Calculation Method = RB97D
Formula = COH14N204Pd

Basis Set = Gen/def2TZV

Charge =0

Spin = Singlet

Solvation = None

E(RB97D) = -888.14357 Hartree
RMS Gradient Norm = 7.35e-07 Hartree/Bohr
Imaginary Freq =0

Dipole Moment = 5.0263615 Debye
Polarizability (?) = 185.268 a.u.
Point Group = Cl1

Molecular Mass = 319.99884 amu

Job cpu time: 0 days 0 hours 10 minutes 33.0 seconds.

Thermo Tab Data Section:

Imaginary Freq =0

Temperature = 298.15 Kelvin

Pressure = 1 atm

Frequencies scaled by = 1

Electronic Energy (EE) = -888.14357 Hartree

Zero-point Energy Correction = 0.222602 Hartree
Thermal Correction to Energy = 0.242858 Hartree
Thermal Correction to Enthalpy = 0.243802 Hartree
Thermal Correction to Free Energy = 0.169869 Hartree
EE + Zero-point Energy = -887.92097 Hartree

EE + Thermal Energy Correction = -887.90071 Hartree
EE + Thermal Enthalpy Correction = -887.89977 Hartree
EE + Thermal Free Energy Correction = -887.9737 Hartree
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E (Thermal) = 152.396 kcal/mol
Heat Capacity (Cv) = 68.508 cal/mol-kelvin
Entropy (S) = 155.607 cal/mol-kelvin

Calculation Type = SP

Calculation Method = RB97D

Formula = COH14N204Pd

Basis Set = Gen/def2TZV

Charge =0

Spin = Singlet

Solvation = scrf=solvent=chlorobenzene

E(RB97D) = -888.15397 Hartree

S
/N

N
Me)]\‘FO
OMe
15

Calculation Type = FREQ
Calculation Method = RB97D

Basis Set = Gen/def2TZV

Charge =0

Spin = Singlet

Solvation = None

E(RB97D) =-532.19975 Hartree
RMS Gradient Norm = 1.208e-06 Hartree/Bohr
Imaginary Freq =0

Dipole Moment = 1.9878389 Debye
Polarizability (?) = 114.66267 a.u.
Point Group = Cl1

Job cpu time: 0 days Ohours 2 minutes 19.0 seconds.

Thermo Tab Data Section:
Imaginary Freq =0
Temperature = 298.15 Kelvin

Pressure = 1 atm
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Frequencies scaled by = 1

Electronic Energy (EE) = -532.19975 Hartree

Zero-point Energy Correction = 0.160591 Hartree
Thermal Correction to Energy = 0.173441 Hartree
Thermal Correction to Enthalpy = 0.174385 Hartree
Thermal Correction to Free Energy = 0.119784 Hartree
EE + Zero-point Energy = -532.03916 Hartree

EE + Thermal Energy Correction = -532.02631 Hartree
EE + Thermal Enthalpy Correction = -532.02537 Hartree
EE + Thermal Free Energy Correction = -532.07997 Hartree
E (Thermal) = 108.836 kcal/mol

Heat Capacity (Cv) = 43.976 cal/mol-kelvin

Entropy (S) = 114.918 cal/mol-kelvin

Calculation Type = SP

Calculation Method = RB97D

Basis Set = Gen/def2TZV

Charge =0

Spin = Singlet

Solvation = scrf=solvent=chlorobenzene

E(RB97D) =-532.20711 Hartree

16

Calculation Type = FREQ

Calculation Method = RB97D

Basis Set = Gen/def2TZV

Charge =0

Spin = Singlet

Solvation = None

E(RB97D) = -532.24546 Hartree

RMS Gradient Norm = 2.446e-06 Hartree/Bohr
Imaginary Freq =0
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Dipole Moment = 3.7857682 Debye
Polarizability (?) = 90.126333 a.u.
Point Group = C1

Job cpu time: 0days Ohours 2 minutes 1.0 seconds.

Thermo Tab Data Section:

Imaginary Freq =0

Temperature = 298.15 Kelvin

Pressure = 1 atm

Frequencies scaled by = 1

Electronic Energy (EE) = -532.24546 Hartree

Zero-point Energy Correction = 0.164093 Hartree
Thermal Correction to Energy = 0.175653 Hartree
Thermal Correction to Enthalpy = 0.176597 Hartree
Thermal Correction to Free Energy = 0.12526 Hartree
EE + Zero-point Energy = -532.08137 Hartree

EE + Thermal Energy Correction = -532.06981 Hartree
EE + Thermal Enthalpy Correction = -532.06886 Hartree
EE + Thermal Free Energy Correction = -532.1202 Hartree
E (Thermal) = 110.224 kcal/mol

Heat Capacity (Cv) = 41.07 cal/mol-kelvin

Entropy (S) = 108.047 cal/mol-kelvin

Calculation Type = SP

Calculation Method = RB97D

Basis Set = Gen/def2TZV

Charge =0

Spin = Singlet

Solvation = scrf=solvent=chlorobenzene

E(RB97D) = -532.25353 Hartree
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[Table 8, entry 3]. N-Cyclopropylhydrazone 14ac (21.4 mg, 0.0921 mmol), 4-iodotoluene (40.2 mg,
0.184 mmol), Pd(OAc): (4.1 mg, 0.018 mmol), (o-tol);P (11.2 mg, 0.0368 mmol) and Cs,COs (59.9
mg, 0.184 mmol) were dissolved in xylene (1.84 mL). The mixture was stirred at 80 °C under argon
for 17 h. After the formation of 17aa was confirmed on TLC, potassium ethyl xanthate (5.9 mg, 0.037
mmol) was added. Then the mixture was stirred at 150 °C for 3 h. Then the mixture was cooled to
room temperature, filtered through Celite® and evaporated. The residue was purified by Biotage
Isolera® (hexane/EtOAc) to afford pyrazole 18aa (10.2 mg, 35%).

Ethyl 2-(5-(4-methylphenyl)-1H-pyrazol-1-yl)-2-phenylacetate (18aa). white solid; Mp: 90-92 °C;
"H-NMR (400 MHz, CDCl3) § 7.63 (d, J= 2.0 Hz, 1H), 7.35 (s, 4H), 7.26-7.24 (m, 5H), 6.30 (d, J =
1.6 Hz, 1H), 6.02 (s, 1H), 4.22 (q, J = 7.2 Hz, 2H), 2.42 (s, 3H), 1.20 (t, J = 7.2 Hz, 3H); >C-NMR
(100 MHz, CDCl3) 6 168.6, 144.7,139.8, 138.9, 135.3, 129.5, 129.1, 128.7, 128.5, 127.5, 106.2, 64.5,
62.0, 21.3, 14.0; One carbon peak could not be detected probably due to overlapping; HRMS (ESI)
m/z calcd for C20H210,N, [M+H]" 321.1598, found 321.1598.

[Table 8, entry 4]. N-Cyclopropylhydrazone 14ac (19.4 mg, 0.0835 mmol), 4-iodotoluene (36.4 mg,
0.167 mmol), Pd(OAc), (3.8 mg, 0.017 mmol), (o-tol);P (10.2 mg, 0.0334 mmol) and Cs,COs (54.4
mg, 0.167 mmol) were dissolved in benzonitrile (1.67 mL). The mixture was stirred at 80 °C under
argon for 5 h. After the formation of 17aa was confirmed on TLC, potassium ethyl xanthate (5.4 mg,
0.033 mmol) was added. Then the mixture was stirred at 150 °C for 3 h. Then the mixture was cooled
to room temperature, filtered through Celite® and evaporated. The residue was purified by Biotage
Isolera® (hexane/EtOAc) to afford pyrazole 18aa (15.1 mg, 56%).

[Table 8, entry 5]. N-Cyclopropylhydrazone 14ac (22.3 mg, 0.0960 mmol), 4-iodotoluene (41.9 mg,
0.192 mmol), Pd(OAc): (4.3 mg, 0.019 mmol), (o-tol);P (11.7 mg, 0.0380 mmol) and Cs,COs (62.6
mg, 0.192 mmol) were dissolved in benzonitrile (1.92 mL). The mixture was stirred at 80 °C under
argon for 12 h. After the formation of 17aa was confirmed on TLC, the mixture was stirred at 150 °C
for 3 h. Then the mixture was cooled to room temperature, filtered through Celite® and evaporated.

The residue was purified by Biotage Isolera® (hexane/EtOAc) to afford pyrazole 18aa (14.2 mg, 46%).

[Table 8, entry 6]. N-Cyclopropylhydrazone 14ac (18.7 mg, 0.0805 mmol), 4-iodotoluene (35.1 mg,
0.161 mmol), Pd(OAc), (3.6 mg, 0.016 mmol), PhsP (8.45 mg, 0.0322 mmol) and Cs,COs (52.5 mg,
0.161 mmol) were dissolved in benzonitrile (1.61 mL). The mixture was stirred at 80 °C under argon

for 2 h. After the formation of 17aa was confirmed on TLC potassium ethyl xanthate (5.2 mg, 0.032
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mmol) was added. Then the mixture was stirred at 150 °C for 3 h. Then the mixture was cooled to
room temperature, filtered through Celite® and evaporated. The mixture was analyzed by '"H NMR
(CDCl). Pyrazole 18aa was calculated as 36% NMR yield.

[Table 8, entry 7]. N-Cyclopropylhydrazone 14ac (21.5 mg, 0.0926 mmol), 4-iodotoluene (40.6 mg,
0.186 mmol), Pd(OAc), (4.2 mg, 0.019 mmol), (z-Bu);P (9.0 pL, 0.0372 mmol) and Cs>COs3 (60.6 mg,
0.190 mmol) were dissolved in benzonitrile (1.86 mL). The mixture was stirred at 80 °C under argon
for 17 h. After the formation of 17aa was confirmed on TLC, potassium ethyl xanthate (6.0 mg, 0.037
mmol) was added. Then the mixture was stirred at 150 °C for 3 h. Then the mixture was cooled to
room temperature, filtered through Celite® and evaporated. The mixture was analyzed by 'H NMR
(CDCl). Pyrazole 18aa was calculated as 10% NMR yield.

[Table 8, entry 8]. N-Cyclopropylhydrazone 14ac (19.5 mg, 0.0840 mmol), 4-iodotoluene (36.6 mg,
0.168 mmol), Pd(OAc), (3.8 mg, 0.017 mmol), Johnphos (10.0 mg, 0.0336 mmol) and Cs,CO; (54.7
mg, 0.168 mmol) were dissolved in benzonitrile (1.68 mL). The mixture was stirred at 80 °C under
argon for 17 h. After the formation of 17aa was confirmed on TLC, potassium ethyl xanthate (5.4 mg,
0.034 mmol) was added. Then the mixture was stirred at 150 °C for 3 h. Then the mixture was cooled
to room temperature, filtered through Celite® and evaporated. The mixture was analyzed by "H NMR
(CDCls). Pyrazole 18aa was calculated as 5% NMR yield.

[Table 8, entry 9]. N-Cyclopropylhydrazone 14ac (19.3 mg, 0.0831 mmol), 4-iodotoluene (36.2 mg,
0.166 mmol), Herrmann catalyst (7.8 mg, 0.0083 mmol), and Cs>CO3 (54.1 mg, 0.166 mmol) were
dissolved in benzonitrile (2.0 mL). The mixture was stirred at 80 °C under argon for 12 h. After the
formation of 17aa was confirmed on TLC, potassium ethyl xanthate (5.3 mg, 0.033 mmol) was added.
Then the mixture was stirred at 150 °C for 5 h. Then the mixture was cooled to room temperature,
filtered through Celite® and evaporated. The residue was purified by Biotage Isolera® (hexane/EtOAc)
to afford pyrazole 18aa (15.2 mg, 57%).

[Table 8, entry 10]. N-Cyclopropylhydrazone 14ac (22.6 mg, 0.0972 mmol), 4-iodotoluene (42.4 mg,
0.195 mmol), Herrmann catalyst (9.1 mg, 0.0097 mmol), LiCI (0.82 mg, 0.019 mmol) and Cs,COs
(63.2 mg, 0.194 mmol) were dissolved in benzonitrile (2.0 mL). The mixture was stirred at 80 °C
under argon for 21 h. After the formation of 17aa was confirmed on TLC, potassium ethyl xanthate
(6.3 mg, 0.039 mmol) was added. Then the mixture was stirred at 150 °C for 3 h. Then the mixture
was cooled to room temperature, filtered through Celite® and evaporated. The residue was purified

by Biotage Isolera® (hexane/EtOAc) to afford pyrazole 18aa (16.9 mg, 54%).

[Table 8, entry 11]. N-Cyclopropylhydrazone 14ac (18.4 mg, 0.0792 mmol), 4-iodotoluene (34.5 mg,
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0.158 mmol), Herrmann catalyst (7.4 mg, 0.0079 mmol), n-BuuNOAc (4.8 mg, 0.016 mmol) and
Cs2CO;3 (51.5 mg, 0.158 mmol) were dissolved in benzonitrile (2.0 mL). The mixture was stirred at
80 °C under argon for 19 h. After the formation of 17aa was confirmed on TLC, potassium ethyl
xanthate (5.1 mg, 0.032 mmol) was added. Then the mixture was stirred at 150 °C for 3 h. Then the
mixture was cooled to room temperature, filtered through Celite® and evaporated. The residue was

purified by Biotage Isolera® (hexane/EtOAc) to afford pyrazole 18aa (15.5 mg, 61%).

[Table 8, entry 12]. N-Cyclopropylhydrazone 14ac (18.0 mg, 0.0775 mmol), 4-iodotoluene (33.8 mg,
0.155 mmol), Herrmann catalyst (7.3 mg, 0.0078 mmol), n-BusNI (5.8 mg, 0.016 mmol) and Cs,CO3
(50.8 mg, 0.156 mmol) were dissolved in benzonitrile (2.0 mL). The mixture was stirred at 80 °C
under argon for 7 h. After the formation of 17aa was confirmed on TLC, potassium ethyl xanthate
(5.0 mg, 0.031 mmol) was added. Then the mixture was stirred at 150 °C for 3 h. Then the mixture
was cooled to room temperature, filtered through Celite® and evaporated. The residue was purified

by Biotage Isolera® (hexane/EtOAc) to afford pyrazole 18aa (15.2 mg, 61%).

[Table 8, entry 13]. N-Cyclopropylhydrazone 14ac (19.8 mg, 0.0852 mmol), 4-iodotoluene (37.2 mg,
0.171 mmol), Herrmann catalyst (8.0 mg, 0.0085 mmol), n-BusNOAc (5.1 mg, 0.017 mmol) and Et;N
(24 uL, 0.170 mmol) were dissolved in benzonitrile (1.7 mL). The mixture was stirred at 80 °C under
argon for 36 h. After the formation of 17aa was confirmed on TLC, potassium ethyl xanthate (5.5 mg,
0.034 mmol) was added. Then the mixture was stirred at 150 °C for 3 h. Then the mixture was cooled
to room temperature, filtered through Celite® and evaporated. The mixture was analyzed by "H NMR

(CDCls). Pyrazole 18aa was calculated as 4% NMR yield.

[Table 8, entry 14]. N-Cyclopropylhydrazone 14ac (19.4 mg, 0.0835 mmol), 4-iodotoluene (36.4 mg,
0.167 mmol), Herrmann catalyst (7.9 mg, 0.0084 mmol), n-BusNOAc (5.1 mg, 0.017 mmol) and
KOH (9.4 mg, 0.168 mmol) were dissolved in benzonitrile (2.0 mL). The mixture was stirred at 80 °C
under argon for 65 h. After the formation of 17aa was confirmed on TLC, potassium ethyl xanthate
(5.3 mg, 0.033 mmol) was added. Then the mixture was stirred at 150 °C for 4.5 h. Then the mixture
was cooled to room temperature, filtered through Celite® and evaporated. The residue was purified

by Biotage Isolera® (hexane/EtOAc) to afford pyrazole 18aa (13.7 mg, 51%).

[Table 8, entry 15]. N-Cyclopropylhydrazone 14ac (21.8 mg, 0.0939 mmol), 4-iodotoluene (40.9 mg,
0.188 mmol), Herrmann catalyst (8.8 mg, 0.0094 mmol), n-BusNOAc (5.7 mg, 0.019 mmol) and
K>COs (26.0 mg, 0.188 mmol) were dissolved in benzonitrile (2.0 mL). The mixture stirred at 80 °C
under argon for 67 h. After the formation of 17aa was confirmed on TLC, potassium ethyl xanthate
(6.0 mg, 0.038 mmol) was added. Then the mixture was stirred at 150 °C for 4.5 h. Then the mixture

was cooled to room temperature, filtered through Celite® and evaporated. The residue was purified
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by Biotage Isolera® (hexane/EtOAc) to afford pyrazole 18aa (17.5 mg, 58%).

8 HN EF3EF 2HIDHER

Ethyl 2-phenyl-((3-(4-methylphenyl)allylidene)hydrazineylidene)acetate (17aa) [Scheme 67]. N-
Cyclopropylhydrazone 14ac (22.7 mg, 0.0977 mmol), p-tol-1 (42.6 mg, 0.196 mmol), Herrmann
catalyst (9.2 mg, 0.0098 mmol), n-BusNI (7.2 mg, 0.020 mmol) and Cs>COs (63.9 mg, 0.196 mmol)
were dissolved in benzonitrile (2.0 mL). The mixture was stirred at 80 °C under argon for 3 h. Then
the mixture was cooled to room temperature, filtered through Celite® and evaporated. The residue
was purified by Biotage Isolera® (hexane/EtOAc) to afford 5-arylated conjugated azine 17aa (22.2
mg, 71%) as a yellow solid; Mp: 83 °C (decomp.); 'H-NMR (400 MHz, CDCl;) & 8.41 (d, J=8.8 Hz,
1H), 7.82-7.80 (m, 2H), 7.48-7.42 (m, SH), 7.20 (d, J = 7.6 Hz, 2H), 7.12-7.00 (m, 2H), 4.50 (q, J =
7.6 Hz, 2H), 2.38 (s, 3H), 1.43 (t,J= 7.6 Hz, 3H); *C-NMR (100 MHz, CDCl3) § 165.9, 165.0, 161.0,
144.3, 140.0, 132.9, 131.7, 131.4, 129.6, 128.8, 127.5, 127.5, 124.4, 61.5, 21.4, 14.3; HRMS (ESI)
m/z calcd for C20H210,N, [M+H]" 321.1598, found 321.1599.

Ethyl 2-phenyl-((3-(4-methylphenyl)allylidene)hydrazineylidene)acetate (17aa) [Scheme 69, eq.
1]. Azine 15ac (21.0 mg, 0.0912 mmol), N-cyclopropylhydrazone 14ac (4.7 mg, 0.0202 mmol), 4-
iodotoluene (39.8 mg, 0.182 mmol), Herrmann catalyst (8.6 mg, 0.0091 mmol), n-BusNI (6.7 mg,
0.018 mmol) and Cs,CO; (59.3 mg, 0.182 mmol) were dissolved in benzonitrile (1.8 mL). The
mixture was stirred at 80 °C under argon for 5 h. Then the mixture was cooled to room temperature,
filtered through Celite® and evaporated. The residue was purified by PTLC (hexane/EtOAc =5 : 1)
to afford S-arylated conjugated azine 17aa (23.4 mg, 58%, based on the subtracted amount of 14ac).

Ethyl 2-phenyl-((3-(4-methylphenyl)allylidene)hydrazineylidene)acetate (17aa) [Scheme 69, eq.
2]. Azine 15ac (24.1 mg, 0.105 mmol), p-tol-I (45.6 mg, 0.209 mmol), Pd(OAc), (4.7 mg, 0.021
mmol), (o-tol);P (12.8 mg, 0.0420 mmol) and Cs>COs (68.4 mg, 0.210 mmol) were dissolved in
benzonitrile (2.1 mL). The mixture was stirred at 80 °C under argon for 30 h. Then the mixture was
cooled to room temperature, filtered through Celite® and evaporated. The residue was purified by
PTLC (hexane/EtOAc = 7 : 3) to afford 5-arylated conjugated azine 17aa (6.6 mg, 20%).

Ethyl 2-(5-(4-methylphenyl)-1H-pyrazol-1-yl)-2-phenylacetate (18aa) [Scheme 70]. Azine 15ac
(12.0 mg, 0.0380 mmol) was dissolved in benzonitrile (1.0 mL) and the mixture was stirred at 150 °C
for 3 h. Then the resulting mixture was cooled to room temperature, filtered through Celite® and
evaporated. The residue was purified by PTLC (hexane/EtOAc =5 : 1) to afford pyrazole 18aa (7.5
mg, 63%).
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General procedure for preparing cyclopropylhydrazones [Table 9]. To a solution of a-keto esters
in MeOH were added cyclopropylhydrazine (1.0 eq.) and pyridine (2.0 eq.). The mixture was stirred
at room temperature for several hours, and then evaporated. The crude product was purified by

column chromatography to afford cyclopropylhydrazones.

Ethyl (Z)-2-(2-cyclopropylhydrazineylidene)-2-(naphthalen-2-yl)acetate (14da) [Table 9, entry
1]. Following to the general procedure, ethyl 2-(naphthalen-2-yl)-2-oxoacetate 70at (228 mg, 1.00
mmol), cyclopropylhydrazine (416 mg, 1.00 mmol) and pyridine (161 pL, 2.00 mmol) were used and
the reaction time was 16 h. 14da (49.9 mg, 53%) was obtained as a yellow oil after purification by
Biotage Isolera® (hexane/EtOAc); '"H-NMR (400 MHz, CDCls) & 10.68 (s, 1H), 7.98 (s, 1H), 7.84-
7.77 (m, 3H), 7.70-7.67 (m, 1H), 7.47-7.41 (m, 2H), 4.33-4.28 (m, 2H), 3.12-3.06 (m, 1H), 1.35-1.31
(m, 3H), 0.87-0.77 (m, 4H); *C-NMR (100 MHz, CDCl5) § 163.7, 134.5, 133.2, 132.5, 128.2, 127.4,
127.1,127.0,126.6, 126.3, 125.8, 125.7, 60.5, 31.9, 14.2, 6.3; HRMS (ESI) m/z calcd for C17H1902N>
[M+H]" 283.1441, found 283.1443.

(2)-Ethyl 4-(ethoxycarbonyl)-2-(2-cyclopropyl hydrazinylidene)benzene acetate (14db) [Table
9, entry 2]. Following to the general procedure, ethyl 4-(2-ethoxy-2-oxoacetyl)benzoate 70au (250
mg, 1.00 mmol), cyclopropylhydrazine (416 mg, 1.00 mmol) and pyridine (161 pL, 2.00 mmol) were
used and the reaction time was 12 h. 14db (188 mg, 62%) was obtained as a colorless oil after
purification by Biotage Isolera® (hexane/EtOAc); '"H-NMR (400 MHz, CDCls) & 10.83 (s, 1H), 7.99
(d, J=17.6 Hz, 2H), 7.62 (d, J = 8.4 Hz, 2H), 4.40-4.34 (m, 2H), 4.30-4.25 (m, 2H), 3.10-3.05 (m,
1H), 1.41-1.37 (m, 3H), 1.33-1.30 (m, 3H), 0.85-0.77 (m, 4H); *C-NMR (100 MHz, CDCl5) § 166.6,
163.4, 141.5, 129.0, 128.4, 127.9, 124.9, 60.8, 60.5, 32.1, 14.3, 14.2, 6.2; HRMS (ESI) m/z calcd for
Ci6H2104N; [M+H]" 305.1496, found 305.1497.
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General procedure of preparing a-keto ester [Table 10]. To a solution of ketone (1.0 eq.) in
pyridine (7.0 eq.) was added SeO, (2.0 eq.). The mixture was stirred at 100 °C for 1 h. After the
mixture was cooled to room temperature, the mixture was filtered with Celite®. Then 1M HCI was
added and the mixture was extracted with EtOAc three times. The combined organic layer was washed
with brine, dried over MgSOQy, filtered and evaporated to afford crude carboxylic acid. Then the crude
mixture was dissolved in EtOH (10 mL) and H>SO4 (1.0 mL) was added. The mixture was stirred at
reflux for 1 h and cooled to room temperature. Then the residue was extracted with EtOAc three times.
The combined organic layer was washed with brine, dried over MgSOQs, filtered and evaporated. o-

Keto ester was obtained after purification with flash column chromatography.

Ethyl 2-(naphthalen-2-yl)-2-oxoacetate (70at) [Table 10, entry 1]. Following to the general
procedure using commercially available 1-(naphthalen-2-yl)ethan-1-one 71at (511 mg, 3.00 mmol),
SeO, (666 mg, 6.00 mmol) and pyridine (1.70 mL, 21.0 mmol), ethyl 2-(naphthalen-2-yl)-2-
oxoacetate 70at (612 mg, 89%) was obtained after purification by flash column chromatography

(hexane/EtOAc). The spectral data were identical with those reported in the literature. °>

Ethyl 4-(2-ethoxy-2-oxoacetyl)benzoate (70au) [Table 10, entry 2]. Following to the general
procedure using commercially available ethyl 4-acetylbenzoate 71au (577 mg, 3.00 mmol), SeO,
(666 mg, 6.00 mmol) and pyridine (1.70 mL, 21.0 mmol), Ethyl 2-(naphthalen-2-yl)-2-oxoacetate
70au (250 mg, 33%) was obtained after purification by flash column chromatography
(hexane/EtOAc). The spectral data were identical with those reported in the literature. °®

1-Iodo-4-(methoxymethoxy)benzene (105af) [Scheme 71]. To a solution of 4-iodophenol 104 (1.10
g, 5.00 mmol) in THF (6.30 mL) was added NaH (180 mg, 7.50 mmol) at 0 °C. After stirred at 0 °C
for 15 min, chloromethyl methyl ether (523 mg, 6.50 mmol) was added. The mixture was stirred at
room temperature for 3 h. Then the mixture was diluted with Et,O and washed with 3M NaOH agq.
three times. The residue was dried over MgSOy, filtered and evaporated. 105af (1.32 g, 31%) was
obtained after purification by Biotage Isolera®™ (hexane/EtOAc). The spectral data were identical with

those reported in the literature. °”

N-(4-lodophenyl)pivalamide (105ag) [Scheme 72]. To a solution of pivaloyl chloride (1.77 g, 14.7
mmol) in CH,Cl, (12.0 mL), were added 4-iodoaniline 106 (657 mg, 3.00 mmol) and triethylamine
(1.52 g, 15.0 mmol). The mixture was stirred at room temperature for 2 h. Then 1M HCl aq. (12 mL)
was added and extracted with CHCI; three times. The residue was washed with saturated NaHCO3
aq., dried over MgSOy, filtered and evaporated. 105ag (870 mg, 96%) was obtained after purification
by Biotage Isolera® (hexane/EtOAc). The spectral data were identical with those reported in the

literature. *®
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General procedure for Heck type reaction of N-cyclopropylhydrazones [Scheme 73].

N-Cyclopropylhydrazone (1.0 eq.), iodoarene (2.0 eq.), Herrmann catalyst (0.10 eq.), n-BusNI (0.20
eq.) and Cs,COs (2.0 eq.) were dissolved in benzonitrile (0.05 M). The mixture was stirred at 80 °C
under argon for several hours. After the spot of N-cyclopropylhydrazone was disappeared on TLC,
potassium ethyl xanthate (0.40 eq.) was added. Then the mixture was stirred at 150 °C for several
hours. Then the mixture was cooled to room temperature, filtered through Celite® and evaporated.

The residue was purified by Biotage Isolera® (hexane/EtOAc) or PTLC to afford pyrazoles.

Ethyl 2-(5-(4-tert-butylphenyl)-1 H-pyrazol-1-yl)-2-phenylacetate (18ab) [Scheme 73]. Following
to the general procedure, 14ac (21.0 mg, 0.0904 mmol), 1-(tert-butyl)-4-iodobenzene 105ab (47.0
mg, 0.181 mmol), Herrmann catalyst (8.4 mg, 0.0090 mmol), n-BusNI (6.7 mg, 0.018 mmol) and
Cs2C0O3 (59.0 mg, 0.181 mmol) were used. After the mixture was stirred at 80 °C for 3 h, potassium
ethyl xanthate (5.8 mg, 0.036 mmol) was added and the mixture was stirred at 150 °C for 3 h. 18ab
(19.5 mg, 60%) was obtained as a colorless oil after purification by Biotage Isolera® (hexane/EtOAc);
'H-NMR (400 MHz, CDCls) 8 7.64 (d, J = 2.0 Hz, 1H), 7.47-7.45 (m, 2H), 7.37-7.33 (m, 5H), 7.29-
7.26 (m, 2H), 6.32 (d, J= 1.6 Hz, 1H), 6.06 (s, 1H), 4.22 (q, J= 7.6 Hz, 2H), 1.36 (s, 9H), 1.20 (t, J
=7.6 Hz, 3H); “C-NMR (100 MHz, CDCl3) § 168.4, 151.6, 144.3, 139.5, 134.9, 128.5, 128.4, 128.2,
128.1, 127.0, 125.4, 105.9, 64.1, 61.7, 34.4, 30.9, 13.7; HRMS (ESI) m/z calcd for C23H»7;0:N;
[M+H]" 363.2067, found 363.2066.

Ethyl 2-(5-(2-methylphenyl)-1H-pyrazol-1-yl)-2-phenylacetate (18ac) [Scheme 73]. Following to
the general procedure, 14ac (20.5 mg, 0.0883 mmol), 2-iodotoluene 105ac (38.6 mg, 0.177 mmol),
Herrmann catalyst (8.3 mg, 0.0090 mmol), n-BusNOAc (5.3 mg, 0.018 mmol) and Cs,CO; (57.7 mg,
0.177 mmol) were used. After the mixture was stirred at 80 °C for 16 h, potassium ethyl xanthate (5.7
mg, 0.035 mmol) was added and the mixture was stirred at 150 °C for 4 h. 18ac (15.7 mg, 56%) was
obtained as a yellow oil after purification by Biotage Isolera®™ (hexane/EtOAc); 'H-NMR (400 MHz,
CDCl;) 6 7.67 (d, J = 1.2 Hz, 1H), 7.39-7.23 (m, 8H), 7.15 (d, J= 6.8 Hz, 1H), 6.25 (d, J= 1.6 Hz,
1H), 5.68 (s, 1H), 4.21 (q,J= 7.2 Hz, 2H), 2.10 (s, 3H), 1.20 (t, /= 7.2 Hz, 3H); "*C-NMR (100 MHz,
CDCl;) 6 168.6, 143.0, 139.7, 138.2, 134.9, 130.6, 130.4, 129.9, 129.4, 128.8, 128.5, 128.4, 125.8,
106.6, 64.4, 62.0, 19.8, 14.0; HRMS (ESI) m/z caled for CxH»O.N, [M+H]" 321.1598, found
321.1594.

Ethyl 2-(5-phenyl-1H-pyrazol-1-yl)-2-phenylacetate (16at) [Scheme 73]. Following to the general
procedure, 14ac (20.4 mg, 0.0878 mmol), iodobenzene 105at (35.9 mg, 0.176 mmol), Herrmann
catalyst (8.2 mg, 0.0090 mmol), n-BusNI (6.5 mg, 0.018 mmol) and Cs>COs3 (57.3 mg, 0.176 mmol)
were used. After the mixture was stirred at 80 °C for 16 h, potassium ethyl xanthate (5.6 mg, 0.035
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mmol) was added and the mixture was stirred at 150 °C for 4 h. 16at (15.4 mg, 57%) was obtained

as a yellow oil after purification by Biotage Isolera® (hexane/EtOAc).

Following to the general procedure, 14ac (468 mg, 2.02 mmol), iodobenzene 105at (822mg, 4.03
mmol), Herrmann catalyst (189 mg, 0.202 mmol), n-BusNI (149 mg, 0.404 mmol) and Cs>COs3 (1.32
g, 4.04 mmol) were used. After the mixture was stirred at 80 °C for 13 h, potassium ethyl xanthate
(130 mg, 0.808 mmol) was added and the mixture was stirred at 150 °C for 3 h. 16at (306 mg, 49%)

was obtained as a yellow oil after purification by Biotage Isolera® (hexane/EtOAc).

Ethyl 2-(5-(4-methoxyphenyl)-1H-pyrazol-1-yl)-2-phenylacetate (18ad) [Scheme 73]. Following
to the general procedure, 14ac (20.2 mg, 0.0870 mmol), 4-iodoanisole 105ad (40.7 mg, 0.174 mmol),
Herrmann catalyst (8.2 mg, 0.0090 mmol), n-BusNOAc (5.2 mg, 0.017 mmol) and Cs,CO; (56.7 mg,
0.174 mmol) were used. After the mixture was stirred at 80 °C for 6 h, potassium ethyl xanthate (5.6
mg, 0.0350 mmol) was added and the resulting mixture was stirred at 150 °C for 2 h. 18ad (12.9 mg,
44%) was obtained as a yellow oil after purification by Biotage Isolera™ (hexane/EtOAc); '"H-NMR
(400 MHz, CDCls3) 6 7.64 (d, J= 1.6 Hz, 1H), 7.36 (s, 5SH), 7.27 (d, J= 8.0 Hz, 2H), 6.97 (d, /= 8.8
Hz, 2H), 6.29 (d, /= 1.2 Hz, 1H), 6.01 (s, 1H), 4.23 (q, /= 7.2 Hz, 2H), 3.87 (s, 3H), 1.21 (t, J=7.2
Hz, 3H); *C-NMR (100 MHz, CDCl;) 5 168.6, 160.0, 144.4, 139.8, 135.2, 130.5, 128.7, 128.5, 128.5,
122.6,114.2,106.2, 64.4, 62.0, 55.4, 14.0; HRMS (ESI) m/z caled for C20H2103N2 [M+H]"337.1547,
found 337.1547.

Ethyl 2-(5-(2,4-dimethoxyphenyl)-1H-pyrazol-1-yl)-2-phenylacetate (18ae) [Scheme 73].
Following to the general procedure, 14ac (20.1 mg, 0.0870 mmol), 1-iodo-2,4-dimethoxybenzene
105ae (45.7 mg, 0.170 mmol), Herrmann catalyst (8.1 mg, 0.0090 mmol), n-BusNOAc (5.2 mg, 0.017
mmol) and Cs>COs3 (56.4 mg, 0.170 mmol) were used. After the mixture was stirred at 80 °C for 8 h,
potassium ethyl xanthate (5.6 mg, 0.0350 mmol) was added and the mixture was stirred at 150 °C for
3 h. 18ae (12.8 mg, 40%) was obtained as a yellow oil after purification by Biotage Isolera®™
(hexane/EtOAc); 'H-NMR (400 MHz,CDCls) § 7.63 (d, J = 1.6 Hz, 1H), 7.32-7.30 (m, 4H), 7.25 (s,
1H), 7.16 (d, J= 8.0 Hz, 1H), 6.55-6.51 (m, 2H), 6.22 (d, /= 2.0 Hz, 1H), 5.80 (s, 1H), 4.23-4.18 (m,
2H), 3.85 (s, 3H), 3.64 (s, 3H), 1.19 (t, J= 6.8 Hz, 3H); *C-NMR (100 MHz, CDCl5) § 168.9, 161.9,
157.9, 140.9, 139.8, 135.3, 132.7, 128.8, 128.3, 128.2, 111.6, 106.7, 104.7, 98.6, 64.4, 61.7, 55.5,
55.2, 14.1; HRMS (ESI) m/z calcd for C21H2304N> [M+H]" 367.1652, found 367.1651.

Ethyl 2-(5-(4-methoxymethoxyphenyl)-1H-pyrazol-1-yl)-2-phenylacetate (18af) [Scheme 73].
Following to the general procedure, 14ac (204 mg, 0.0878 mmol), I-iodo-4-
(methoxymethoxy)benzene 105af (46.4 mg, 0.176 mmol), Herrmann catalyst (8.2 mg, 0.0088 mmol),
n-BugNI (6.5 mg, 0.018 mmol) and Cs>COs3 (57.3 mg, 0.176 mmol) were used. After the mixture was
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stirred at 80 °C for 12 h, potassium ethyl xanthate (5.6 mg, 0.035 mmol) was added and the mixture
was stirred at 150 °C for 5 h. 18af (20.2 mg, 63%) was obtained as a yellow oil after purification by
Biotage Isolera® (hexane/EtOAc); '"H-NMR (400 MHz, CDCl3) § 7.65 (d, J = 1.2 Hz, 1H), 7.37 (s,
5H), 7.29-7.27 (m, 2H), 7.12 (d, J= 8.8 Hz, 2H), 6.31 (d, J= 2.0 Hz, 1H), 6.03 (s, 1H), 5.25 (s, 2H),
4.24 (q,J=17.2 Hz, 2H), 3.53 (s, 3H), 1.22 (t, J = 7.2 Hz, 3H); *C-NMR (100 MHz, CDCl3) § 168.6,
157.6, 144.3, 139.8, 135.2, 130.5, 128.7, 128.5, 128.5, 123.8, 116.4, 106.2, 94.2, 64.4, 62.0, 56.2,
14.0; HRMS (ESI) m/z caled for Co1H2304N, [M+H]" 367.1652, found 367.1653.

Ethyl  2-[5-(4-(2,2-dimethylpropanamidephenyl)-1H-pyrazol-1-yl)-2-phenylacetate = (18ag)
[Scheme 73]. Following to the general procedure, 14ac (22.3 mg, 0.0960 mmol), N-(4-iodophenyl)
pivalamide 105ag (58.2 mg, 0.192 mmol), Herrmann catalyst (9.0 mg, 0.0096 mmol), n-BusNI (7.1
mg, 0.019 mmol) and Cs>COs3 (62.6 mg, 0.192 mmol) were used. After the mixture was stirred at
80 °C for 14 h, potassium ethyl xanthate (6.2 mg, 0.038 mmol) was added and stirred at 150 °C for 4
h. 18ag (14.8 mg, 38%) was obtained as a white solid after purification by Biotage Isolera®™
(hexane/EtOAc) and PTLC (CHCls/acetone = 20 : 1); Mp: 196-200 °C; "H-NMR (400 MHz, CDCl;)
6 7.61 (d, J= 8.0 Hz, 3H), 7.33-7.28 (m, 7H), 6.30 (d, J= 1.6 Hz, 1H), 5.98 (s, 1H), 4.21 (q, J=7.2
Hz, 2H), 1.33 (s, 9H), 1.19 (t, J= 7.2 Hz, 3H); *C-NMR (100 MHz, CDCl;) § 176.8, 168.5, 144.1,
139.8, 138.6, 135.1, 129.9, 128.7, 128.5, 127.2, 126.0, 120.0, 106.3, 64.4, 62.1, 39.7, 27.6, 14.0;
HRMS (ESI) m/z caled for C24Has03N; [M+H]" 406.2125, found 406.2122.

Ethyl 2-(5-(4-morpholinophenyl)-1H-pyrazol-1-yl)-2-phenylacetate (18ah) [Scheme 73].
Following to the general procedure, 14ac (19.4 mg, 0.0835 mmol), 4-(4-iodophenyl) morpholine
105ah (48.3 mg, 0.167 mmol), Herrmann catalyst (7.9 mg, 0.0084 mmol), n-BusNI (6.2 mg, 0.017
mmol) and Cs>COs3 (54.4 mg, 0.167 mmol) were used. After the mixture was stirred at 80 °C for 6 h,
potassium ethyl xanthate (5.4 mg, 0.034 mmol) was added and the mixture was stirred at 150 °C for
5h. 18ah (12.1 mg, 37%) was obtained as a yellow solid after purification by PTLC (Hexane/acetone
=2:1); Mp: 113 °C (decomp.); 'H-NMR (400 MHz, CDCl3) § 7.63 (d, J = 1.6 Hz, 1H), 7.37-7.34
(m, 4H), 7.26-7.24 (m, 3H), 6.95 (d, J= 8.4 Hz, 2H), 6.28 (d, /= 1.6 Hz, 1H), 6.03 (s, 1H), 4.22 (q,
J=172Hz, 2H), 3.89 (t,J= 5.2 Hz, 4H), 3.23 (t, J = 5.2 Hz, 4H), 1.21 (t,J = 7.2 Hz, 3H); C-NMR
(100 MHz, CDCl3) 6 168.7,151.3, 144.6, 139.8, 135.3, 130.1, 128.7, 128.5, 128 .4, 121.2, 115.1, 105.9,
66.8, 64.4, 62.0, 48.6, 14.1; HRMS (ESI) m/z caled for Cx3Hz6O3N3 [M+H]" 392.1969, found
392.1969.

Ethyl 2-(5-([1,1'-biphenyl]-4-yl)-1H-pyrazol-1-yl)-2-phenylacetate (18ai) [Scheme 73].
Following to the general procedure, 14ac (19.9 mg, 0.0857 mmol), 4-iodobiphenyl 105ai (48.0 mg,
0.171 mmol), Herrmann catalyst (8.0 mg, 0.0086 mmol), #n-BusNI (6.3 mg, 0.017 mmol) and Cs>COs3
(55.7 mg, 0.171 mmol) were used. After the mixture was stirred at 80 °C for 12 h, potassium ethyl
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xanthate (5.5 mg, 0.034 mmol) was added and the mixture was stirred at 150 °C for 4 h. 18ai (15.6
mg, 48%) was obtained as a colorless oil after purification by PTLC (hexane/acetone = 2 : 1); 'H-
NMR (400 MHz, CDCl3) & 7.69-7.64 (m, 5H), 7.51-7.36 (m, 10H), 6.39 (d, /= 1.6 Hz, 1H), 6.10 (s,
1H), 4.25 (q, J = 7.6 Hz, 2H), 1.22 (t, J= 7.6 Hz, 3H); “*C-NMR (100 MHz, CDCl;) & 168.6, 144.3,
141.7,140.1, 139.9, 135.1, 129.6, 129.2, 128.9, 128.7, 128.5, 128.4, 127.8, 127.4, 127.1, 106.5, 64.6,
62.1, 14.1; HRMS (ESI) m/z caled for Co5H230.N, [M+H]" 383.1754, found 383.1752.

Ethyl 2-(5-(4-fluorophenyl)-1H-pyrazol-1-yl)-2-phenylacetate (18aj) [Scheme 73]. Following to
the general procedure, 14ac (20.1 mg, 0.0865 mmol), 4-fluoro-iodobenzene 105aj (38.4 mg, 0.173
mmol), Herrmann catalyst (8.1 mg, 0.0087 mmol), n-BusNI (6.4 mg, 0.017 mmol) and Cs,COs3 (56.4
mg, 0.173 mmol) were used. After the mixture was stirred at 80 °C for 14 h, potassium ethyl xanthate
(5.6 mg, 0.035 mmol) was added and the mixture was stirred at 150 °C for 4 h. 18aj (13.7 mg, 49%)
was obtained as a colorless oil after purification by PTLC (hexane/EtOAc = 7 : 3); '"H-NMR (400
MHz, CDCL) 6 7.64 (s, 1H), 7.35-7.28 (m, 7H), 7.12 (t, J = 8.8 Hz, 2H), 6.30 (s, 1H), 5.96 (s, 1H),
4.22 (q,J=17.2 Hz, 2H), 1.20 (t, J = 7.2 Hz, 3H); *C-NMR (100 MHz, CDCl;) & 168.5, 163.0 (d, Jc.
r=249.5 Hz), 143.5, 139.8, 135.0, 131.1 (d, Jc.c.c.r= 8.7 Hz), 128.6, 128.6, 128.5, 126.4 (d, Jc.c.c.c-
F=3.9Hz), 115.9 (d, Je.cr=21.2 Hz), 106.7, 64.6, 62.1, 14.0; ’F-NMR (376 MHz, CDCl3) § -112.0;
HRMS (ESI) m/z caled for Ci1oHisO2NoF [M+H]"325.1347, found 325.1346.

Ethyl 2-(5-(4-ethoxycarbonylphenyl)-1H-pyrazol-1-yl)-2-phenylacetate (18ak) [Scheme 73].
Following to the general procedure, 14ac (23.4 mg, 0.101 mmol), ethyl-4-iodobenzoate 105ak (33.5
mg, 0.202 mmol), Herrmann catalyst (9.4 mg, 0.010 mmol), n-BusNI (7.5 mg, 0.020 mmol) and
Cs2CO3(65.8 mg, 0.202 mmol) were used. After the mixture was stirred at 80 °C for 21 h, potassium
ethyl xanthate (6.5 mg, 0.040 mmol) was added and the mixture was stirred at 150 °C for 3 h. 18ak
(16.3 mg, 43%) was obtained as a yellow oil after purification by PTLC (hexane/EtOAc =7 : 3); 'H-
NMR (400 MHz, CDCl3) & 8.12 (d, J = 8.8 Hz, 2H), 7.67 (s, 1H), 7.42 (d, J = 8.0 Hz, 2H), 7.35 (s,
5H), 6.39 (d, J=2.0 Hz, 1H), 6.00 (s, 1H), 4.42 (q, /= 7.2 Hz, 2H), 4.23 (q, J = 7.2 Hz, 2H), 1.42 (t,
J=17.2Hz, 3H), 1.21 (t, J= 7.2 Hz, 3H); *C-NMR (100 MHz, CDCl;) § 168.3, 166.0, 143.6, 140.0,
134.8, 134.7, 130.7, 129.9, 129.1, 128.62, 128.57, 128.4, 107.0, 64.8, 62.2, 61.3, 14.3, 14.0; HRMS
(ESI) m/z caled for CoH2304N, [M+H]" 379.1652, found 379.1652.

Ethyl 2-(5-(4-methylphenyl)-1H-pyrazol-1-yl)-2-(4-methoxy)phenylacetate (18ba) [Scheme 73].
Following to the general procedure, 14ad (25.5 mg, 0.0972 mmol), 4-iodotoluene 105aa (42.4 mg,
0.194 mmol), Herrmann catalyst (9.1 mg, 0.0097 mmol), n-BusNI (7.2 mg, 0.019 mmol) and Cs>COs3
(63.2 mg, 0.194 mmol) were used. After the mixture was stirred at 80 °C for 16 h, potassium ethyl
xanthate (6.5 mg, 0.039 mmol) was added and the mixture was stirred at 150 °C for 3 h. 18ba (16.5
mg, 49%) was obtained as a yellow oil after purification by PTLC (hexane/EtOAc =7 : 3); 'H-NMR
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(400 MHz, CDCl3) § 7.63 (d, J = 2.0 Hz, 1H), 7.32 (d, J = 8.8 Hz, 2H), 7.27-7.26 (m, 4H), 6.89 (d, J
= 8.8 Hz, 2H), 6.30 (s, 1H), 5.97 (s, 1H), 4.22 (q, J = 7.2 Hz, 2H), 3.80 (s, 3H), 2.43 (s, 3H), 1.21 (1,
J=17.2 Hz, 3H); *C-NMR (100 MHz, CDCL;) § 168.9, 159.5, 144.4, 139.7, 138.8, 130.1, 129.4, 129.1,
127.5, 127.3, 113.8, 106.2, 63.9, 61.9, 55.2, 21.3, 14.0; HRMS (ESI) m/z caled for Co1Hy305N,
[M+H]" 351.1703, found 351.1704.

Ethyl  2-(5-(4-methylphenyl)-1H-pyrazol-1-yl)-2-(4-ethoxycarbonyl)phenylacetate = (18ca)
[Scheme 73]. Following to the general procedure, 14db (32.4 mg, 0.107 mmol), 4-iodotoluene 105aa
(46.4 mg, 0.213 mmol), Herrmann catalyst (10.0 mg, 0.0107 mmol), n-BusNI (7.9 mg, 0.0214 mmol)
and Cs>COs (69.4 mg, 0.213 mmol) were used. After the mixture was stirred at 80 °C for 13 h,
potassium ethyl xanthate (6.9 mg, 0.0428 mmol) was added and the mixture was stirred at 150 °C for
3 h. 18ca (9.2 mg, 22%) was obtained as a yellow oil after purification by PTLC (hexane/EtOAc =
7 : 3); 'TH-NMR (400 MHz, CDCl;) § 8.01 (d, J = 8.2 Hz, 2H), 7.63 (s, 1H), 7.39 (d, J = 8.2 Hz, 2H),
7.25-7.17 (m, 4H), 6.30 (d, J=2.0 Hz, 1H), 6.03 (s, 1H), 4.38-4.33 (m, 2H), 4.24-4.19 (m, 2H), 2.40
(s, 3H), 1.38-1.35 (m, 3H), 1.21-1.17 (m, 3H); *C-NMR (100 MHz, CDCl;) & 168.0, 166.2, 144.9,
140.1, 140.0, 139.1, 130.5, 129.7, 129.5, 129.0, 128.6, 127.2, 106.4, 64.1, 62.2, 61.0, 21.3, 14.3, 14.0;
HRMS (ESI) m/z calcd for Ca3Has04N, [M+H]™ 393.1809, found 393.1805.

Ethyl 2-(5-(4-methylphenyl)-1H-pyrazol-1-yl)-2-(2-naphthyl)acetate (18da) [Scheme 73].
Following to the general procedure, 14da (24.9 mg, 0.0882 mmol), 4-iodotoluene 105aa (38.4 mg,
0.176 mmol), Herrmann catalyst (8.3 mg, 0.0088 mmol), n-BusNI (6.5 mg, 0.018 mmol) and Cs>CO3
(57.3 mg, 0.176 mmol) were used. After the mixture was stirred at 80 °C for 21 h, potassium ethyl
xanthate (5.6 mg, 0.035 mmol) was added and the mixture was stirred at 150 °C for 4 h. 18da (10.7
mg, 33%) was obtained as a yellow oil after purification by PTLC (hexane/EtOAc =7 : 3); 'H-NMR
(400 MHz, CDCl3) & 7.85-7.78 (m, 3H), 7.73 (s, 1H), 7.66 (d, J= 1.4 Hz, 1H), 7.54 (d, J = 9.6 Hz,
1H), 7.48-7.46 (m, 2H), 7.25 (d, J = 2.8 Hz, 4H), 6.33 (d, /= 0.8 Hz, 1H), 6.18 (s, 1H), 4.24 (q, J =
6.8 Hz, 2H), 2.41 (s, 3H), 1.23-1.18 (m, 3H); *C-NMR (100 MHz, CDCl;) & 168.7, 144.7, 139.9,
138.9, 133.1, 133.0, 132.7, 129.5, 129.1, 128.2, 128.0, 127.6, 126.4, 126.2, 126.2, 106.3, 64.6, 62.1,
21.3, 14.1; One carbon peak could not be detected probably due to overlapping; HRMS (ESI) m/z
calcd for C24H230,N, [M+H]" 371.1754, found 371.1757.

Ethyl 2-(4-bromo-5-phenyl-1H-pyrazol-1-yl)-2-phenylacetate (107) [Scheme 74]. To a solution
of 16at (15.3 mg, 0.0499 mmol) in CH>Cl, (5.2 mL), NBS (10.6 mg, 0.0600 mmol) was added. The
mixture was stirred at 50 °C in a sealed tube for 25 h, and then evaporated. The residue was purified
by Biotage Isolera®™ (hexane/EtOAc) to afford pyrazole 107 (11.0 mg, 57%) as a white solid; Mp: 82-
84 °C; 'H-NMR (400 MHz, CDCl3) § 7.64 (s, 1H), 7.51-7.48 (m, 3H), 7.35-7.29 (m, 7H), 5.91 (s,
1H), 4.22 (q, J = 7.2 Hz, 2H), 1.21 (t, J= 7.2 Hz, 3H); *C-NMR (100 MHz, CDCl3) § 168.2, 142.3,
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140.4,134.3,130.1, 129.6, 128.9, 128.8, 128.8, 128.6, 128.1, 94.4, 65.5, 62.2, 14.0; HRMS (ESI) m/z
caled for CioHis02N2"Br [M+H]" 385.0546, found 385.0546, CioH;30.N,*' Br [M+H]" 387.0526,
found 387.0526.

1-Benzyl-5-phenyl-1H-pyrazole (108) [Scheme 74]. To a solution of 16at (30.0 mg, 0.0979 mmol)
in DMSO (980 pL), LiCI (16.6 mg,0.390 mmol) was added. The mixture was stirred at 150 °C for 23
h. Then LiCl (49.9 mg, 1.18 mmol) was added to the mixture and the resulting mixture was stirred
for 23 h. Then the mixture was cooled to room temperature and diluted with water, extracted with
Et,O three times, washed with water and brine and dried over MgSOs. Then the residue was filtered
and evaporated. The residue was purified by Biotage Isolera®™ (hexane/EtOAc) to afford pyrazole 108
(13.4 mg, 58%) as a white solid; Mp: 51-57 °C; '"H-NMR (400 MHz, CDCl;) § 7.61 (d, J = 1.6 Hz,
1H), 7.39 (m, 3H), 7.35-7.22 (m, 5H), 7.05 (d, /= 7.2 Hz, 2H), 6.36 (d, /= 2.0 Hz, 1H), 5.35 (s, 2H);
BC-NMR (100 MHz, CDCls) § 144.1, 139.3, 137.6, 130.7, 128.9, 128.6, 128.6, 127.5, 126.8, 106.4,
53.1; One carbon peak could not be detected probably due to overlapping; HRMS (ESI) m/z calcd for
Ci6HisN2 [M+H]"235.1230, found 235.1225.

2-Phenyl-2-(5-phenyl-1H-pyrazol-1-yl)ethan-1-ol (109) [Scheme 74]. To a solution of 16at (29.5
mg, 0.0963 mmol) in THF (960 pL), LiAlH4 (3.6 mg, 0.095 mmol) was added. The mixture was
stirred at 0 °C for 6 h. Then the mixture was diluted with saturated aqueous NH4Cl and extracted with
EtOAc three times. The collected organic layers were washed with brine, dried over MgSO4 and
concentrated. The residue was purified by PTLC (hexane/EtOAc =7 : 3) to afford alcohol 109 (15.5
mg, 61%) as a yellow oil; "H-NMR (400 MHz, CDCls) & 7.68 (d, J = 1.4 Hz, 1H), 7.38-7.24 (m, 6H),
7.20 (m, 2H), 7.10-7.08 (m, 2H), 6.37 (d, /= 1.8 Hz, 1H), 5.44 (dd, J="7.2, 3.6 Hz, 1H), 4.41 (dd, J
=12,7.2 Hz, 1H), 4.11 (dd, J = 12, 3.6 Hz, 1H); >*C-NMR (100 MHz, CDCls) § 144.9, 139.2, 138.7,
130.2, 129.1, 128.7, 128.6, 128.5, 127.8, 126.6, 106.5, 65.9, 63.8; HRMS (ESI) m/z calcd for
C17H;70N, [M+H]"265.1335, found 265.1332.
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