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Alk
aq.

Boc
br
Bu

conc.
d
DABCO
DBDMH
DCDMH
DCE
DIPEA
DMAP
DMF
DMSO
EDG

eq.

ESI

Et

EWG
hexane
HRMS

i

IR

m

Me
MeCN
Mp
MsOH
MW

s

acetyl

alkyl

aqueous

aromatic, aryl
tert-butoxycarbonyl

broad

butyl

cyclo

concentrated

doublet
1,4-diazabicyclo[2.2.2]octane
1,3-dibromo-5,5-dimethylhydantoin
1,3-dichloro-5,5-dimethylhydantoin
1,2-dichloroethane
N,N-diisopropylethylamine
N,N-dimethyl-4-aminopyridine
N,N-dimethylformamide
dimethyl sulfoxide
electron-donating group
equivalent

electrospray ionization

ethyl

electron-withdrawing group
n-hexane

high resolution mass spectrum
iso

infrared

multiplet

methyl

acetonitrile

melting point
methanesulfonic acid

microwave



n normal

NBS N-bromosuccinimide
NCS N-chlorosuccinimide
ND not detected

NIS N-iodosuccinimide
NMR nuclear magnetic resonance
Np naphtyl

NR no reaction

NSAIDs non-steroidal anti-inflammatory drugs
Ph phenyl

PIDA (diacetoxyiodo)benzene
Piv pivaloyl

Pr propyl

q quartet

quant. quantitative

rt room temperature

s singlet

t triplet

t, tert tertiary

TBHP tert-butyl hydroperoxide
TFA trifluoroacetic acid

THF tetrahydrofuran

TMS trimethylsilyl

Ts toluenesulfonyl
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BEFBAT ORI, ARS T EKREBEEIELIIERATETH D Z : 3
Livh, BERS ATV AERRON 6 BICE TR T EEARHK [ [
Thb, VT, BR-BREAL LOBER~T 0 FER, IZIEET  pyraze  triazole
=R N T Y = Ve Bk, BRIRFDEEAAAET D 2 L bR S Figure 1.
YR EOMBERZERTE L7200 TR, Fic ot EnfFtE 5, 2 207k
W, BR-ERMEEE BOBERNT 0T HRENBINMEES 207 7B RIEOBF I
A DORIFEMICICEB T DB T A 77 U —OREE L OEFICE L >EER HIEICRD
EFEZOND,

ZITEEIL, ER-BEEEGELOGER T O EEREBET LD, E RT VD
FOSPEICHEE Lz, & KTV 0%, Hflize o 2 v ERBRICA 2 IRFBIIKREBEFEEZHF LT
Y | Grignardid 3K & OREATINEIEC MY =F Vv T A K DEILRG ENE ST
W5, Y =T, B RTVUET 2 ) BHENLOIEHAE T & C=NFEA DB (1-A) (2
F0, AIVETHY BB LSRN X - T A 2 7 IRBEOS RN R T RKEVES
WTod D (Schemel), *¥ £/, A I/ IRFICIHEZRZ AT Hap-REafie R7 V36 AR
BT D Z & TR REENMEZ RS, O L, & RT Y UEHEREBEFAIORIGDE L 1T
AP CTHEKT HHFEEBE LUDOR 7 a2 kb (B—2, D—4) (28D, 4\/mﬁki0
BIRFEIEHILZ B AT HHNR DI, T O%DOIEFIINC L D EREFEA~T 0 HFERERE~
DISHIEREZEFITHIZE S TORY, TDEH, B RT VU A 2/ RF|EOREMER
FOREFEOWMEE 2B L BERA~T v FHEEAKIEORBITIE N7V v ofF Atk
DIERIZDIN D EWIFF SN D,
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Scheme 1. Electrophilic substitution reaction of hydrazones at imino carbon or B-carbon.
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3% o O 2 BEE U 78 ke SOS OB IC 35 F L 72 (Scheme 2), T72bH, B R
T NDA I RFEEREBFRDBOE LT, W7 a b oAGIZ L0 AT 5 iR E =
N U VEEIZ X B A [B3R2]-(HMBRAL RSB EAT T AU, U 7Y — LVEREHEE T 5 L 48
E LTz, 7eds, HAR2E = N U VEDBOGT 272 OITITEAN SN REFHINEET 2 2
BNH LT, BAT HEHELITEOVBBEEZ A L, S S REEDO/NS Ve o
HKETHD EEZT,

R4
® NZ

® R. N®R2 -H R!_N. _R2
°N

R1 N\ /RZ
' ' \f N e \Y\I/%N
H R® E H RS E R® R4
1 B 2 5
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Scheme 2. Synthesis of 1,2,4-triazoles from hydrazones with nitriles.

Fo GERD 124- 8 7Y — A EARBIEICOWT IR 21T -5 5. 2< OBAICE
W, BRFEF (V) EoBEHBITIGFER, BRI EHIWITEEWEBRENLIETH
0. SRR EWT A VEITEAREECH 72, T 2 TEFIL, IERIETIEA KRR
e N-T VX L-12,4- R U T — L DORhERI 72 A R O BR%E % EH ] L 7=,

XU OIC, ZETEGICTHIATRESR NN-CAFILE KTV v 6a & T & b=k U LERRT,
a7 ARElE LT NCS (1.5 Y4 8)3B XU Lewis 8 & LT BF3*OEt, (3.0 4 &) & DG %
Rt L7z (Tablel), ZOHEHE, BRIDO N-AF /L~ U 7 V' —)L Taa MG 5L, [RIFFICZEERR
F (N1) EORAFAREIIZAT oA I RPEASNTE MY T Y —L 8 1567 (entry 1),
WIZ, A7 VA4 I ROBANRT IV L > TEIT LT LB 2, AN FRIGZ
179 LHIFRE Y Taa OULERN 90%F T L L7= (entry 2), HiW\ T, kex e a7 ALAIR
Lewis BEDRRFT 21T o 7203, IR O M _EITERO Hiv7en- 7= (entries 3-7) (55 1 T 1 ),

Table 1. Optimization of reaction conditions for the synthesis of N-methyl-1,2,4-triazole.

gio

Me halogenating agent (1.5 eq.) Me

l . . v o
_N. Lewis acid (3.0 eq.) _ _
N™ "Me NN}M + NN
i MeCN, reflux M Ve /)L‘Z*‘Me
Ph P~ N P~ N
6a 7aa 8
entry halogenating agent Lewis acid condition yield (%)
T NGS . BFyOBt, 647
2 NCS BF3+OEt, dark 90
3 DCDMH BF3°OEt, dark 49
A NBS___ BFyOE, dark 90
5 NCS AICI3 dark 80
6 NCS Sc(OTf)3 dark ND
7 NCS Yb(OTf)3 dark ND

a) 8 was obtained in 9% yield.



AT B BH2]-AFMNBRALSOE D FOSFEFIZR D K 5 IZE L LT (Scheme3), £9°, B K7

V' 6a DA X JIRFENMNCS ENT H I ETC-7 v afbansitE

(LR EITLEZ T RIY 2402712 K 9aa ﬁ)%ﬁk‘?’"é
A DIEMLB L O 2 ) BENLOIFLFEFFOM LU LIC
L. N-T7I/=hK NV UDUALFallpd, D%, :FJJ?AFa

EIT L%, W7 e b
HWNT BF; 12 L D%

0 AL A A DI kB
~OT & R= KU LDR

BAINS 3 X O 5-endo-dig B D BRALIIE (G—H), i A F/ALKIE (H—Taa) 235Ef5EH)
WEIT L, U T Y = Taa GO EFZ 2 TN D (5 1 &K 2 fHi),
o
Me F3B=ClI e
QN "we C%’N‘Me
Ph”( ClBFg Ph//\
IN=—Me
9aa Fa
Me—=N:
'Yle \ Me
-N-me @O/Me _N
® | />—Me )NI\ »—Me
TJ\\\R3 Ph)\ pn” N
G H 7aa

Scheme 3. Proposed reaction pathway.

WIS T, E RIV 6 DA X/ RE FoOBESIEGRG %

1T 7= (Scheme 4), O

fiti R Bk & REHERA DG FEREZAT L5 R Y UREMRRETH Y  KIETH MY TV —

Me NCS (1.5 equiv.) Me
N"{I‘M BF3*OEt, (3.0 equiv.) N
e
Pl MeCN )\N/>_ Me
R dark, reflux R
6 7
Me Me
N N
| />—Me | />—Me )\ />_Me N| >—Me | )>—Me
\ O)\N N
R
7pa: 81% (R=1-N

7aa 90% (R = 7ja: 95% (R = 3-Me)  79a:88% ( = 'N 7sa: 66% Tua: 49%
7ha: 98% (R Me) 7ka: 85% (R = 3-OMe) Me
7ca: 68% (R =0OMe) 7la: 63% (R = 3-Br) ! Me
7da: 53% (R = OPiv)  7ma: 52% (R = 2-Me) o NN Me N
7ea: 85% (R = Cl) 7na: 55% (R = 2-OMe) | )—Me N-N N >—Me
7fa: 70% (R = Br) 70a: 60% (R = 2-Br) ~ N | )—Me N
7ga: 71% (R = CF3) 0 Me N
7ha: 72% (R = NO,) 7ra: 49% . Me
7ia: 66% (R = CO,Me) S Tta: 62% 7va: 52%

Scheme 4. Substrate scope of N,N-dimethylhydrazones with acetonitrile.
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JU Taa-Tra DNEOLNT-, T/, A I VRBIZTAXNVELZEFETH e RT7 YV ARG E
HTE, 2 FE THEPIDRD 7N TOBEBIERNT VR LVHEETHD MU 7 —)L Tsa-Tva
NN (85135 3HIE 1IH),

EHIZ, B RTZYV 6 OEFRF T EOEHME R BLO= F UL EoE#IL R?2 O %
17572 (Scheme 5), & DfEFR, RUTHMAREH —H 7 VX NVEZ T TR ATV E S DT
NFRNHA Y TNV EE O TV U EHAWTCHEMO Y 7V —)L Twa-Tza 135
HiILTe, EHIZ= MY AOKRETIE, JBVE= N VAT TRIBEEFEHE= NI VEHNT
HxHeT 5~ U T Y —/L Tab-Tai 3G 60072 (GF 1 E 5 3 Hi%h 2 ),

31 NCS (1.5 equiv.) R!
N, BF3+OEt, (3.0 equiv.) N
N~ R N >—R?
J RZCN Ph)I\N/
Ph dark, reflux
6 7
Me
OPiv .
/Et /J //-Pr
N-N N N-N
)|\ )—Me I N e )|\ )—Me
Ph N N | Ph N
i o ph” N
P N
7wa: 64% 7xa: 58% 7ya: 60% 7za: 53%
7ab: 76% (R = Et) Me Me
Me 7ac: 79% (R = n-Bu) N-N N-N
N-N 7ad: 74% (R = i-Bu) )'\ )—Ph )|\ )—@F
| )—R Tae:82% (R = i-Pr) pr” N pr” N
pr” N 7af: 74% (R = c-Pr)
7ag: 72% (R = c-Hexyl) 7ah: 89% 7ai: 64%

Scheme 5. Substrate scope of N,N-dialkylhydrazones with nitriles.

Flo. Bone NV 7Y L OGRAMEEE T 2HT, N T Y — LV OERBEE# L
fT>7= (Scheme 6), b U7 > —/L 7aa (R =Me) O 5D AF)NIE%E n-7F LY F A
FoTUVFAH L LIZE, XRUXTATe RERIGESEDLZ ETTLa—L 10 BE6Tz,
F/2. BTV VBREZELASE & L2 7ah (R =Ph) DA /L ML C-H BREFLEIGNZ L - T
FNUTE RSN YT Y=L N BNELNRT (1 FES 3 HE 2 H),

Me
Me Me Pd(OAC), (10 mol%) N
N-N 1) n-BuLi (1.5 eq.), THF, rt N’N/ PIDA (10 eq.) AcO Nl’ )
5
)LN/>_>,Ph 2) PhCHO (1.5 eq.) P 7R T AGOHIAG,0, 110 °C N
Ph Ph N AcO
HO R = Me R =Ph oA
7aa (R = Me) C
10: 57% 7ah (R = Ph) 11: 54%

Scheme 6. Transformation of triazoles 7aa and 7ah.
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PLED LT, NN-TILFILE KTV DA 2 ) IRBOREMZFIH U5 N-7 v
X-1,24- 8V 7Y — VERIEZ BRI LTz, RS ORIL, WSRO A RIE TIXE RN EE T
HoTmETOEBIENT VI NVAETH D N T — LV OEE N ARER R TH D (B 1 &),

WIT, £ 2 IBRFICALT 4 2% b apRERIE RV L ORI V- SRR~
TaERARR~ BB L7 (Scheme 7), op-ARfafie K72 3 1% B AL CTRE A& KT
HETH U D BEKRT DI ERMOLNTND, O —F, ZHNETO ap-Rgfie K7
Vo ERETFRIORISHNE B AL~DEHRIEDOFEANIZRHNTWDHTeD, FEFAT 2R
FEA~OICHIZIRETH D Z LN PRI, 2 TEEIT B-7' 1 hAKICFE B L, X
JSICE VAT 27 Y D(E=H) 28EH T 0 RBBEISHT 52 & 25Hm L7,
Thbb, 7TV A LT, 901D ap-Afafit 7Y DA I/ REDREZ
FlE L TeTE, 7= 235505 E WL TRt EiT- 7=,

1 2
RN R
R3 N. R2
3 1 -
SUPNPIN. ® RLT/*§b/N¢ﬁ,R2 RN
R3 E R3 (E = H) R’
3 D H 12

Scheme 7. Synthesis of pyrazoles from a,B-unsaturated hydrazones.

9. ap-AREfie KoY 18a =7 b= K UJLERH, 3.0 Y&D ~ Y 704 v iR
ERINSHEDHE O 13a PACHHALTEEEZZbNAE T Y —)L lda BELNTE
(Table 2 entry 1), &I, ©7 Y —/L lda OYHE O % BHE5 L T4 @ Bransted [ % 5
L7-fE R, A X AV iR (MSOH) & W= 8A12 14a OULRN 62% % T kL7
(entries2and 3), & 51T, PUNRECIAIE, A X AR UEOY BEE G LR, V7

Table 2. Optimization of reaction conditions for the self-condensation of o,B-unsaturated

hydrazone.
OMe OMe
/©/ Brgnsted acid £10,C/ /N\N/@/
EtOZC\B/\//N‘N solvent, temp. ? \/j:/
H EtO,C
13a 14a
entry Brgnsted acid (eq.) solvent temp. yield (%)
1 CF3CO,H (3.0) MeCN reflux 23
2 HCI (3.0) MeCN reflux 51
R MSOH@3.0) ___ MeCN _reflux | 62 .
4 MsOH (3.0) MeCN rt 71
s MsOH (3.0) CHCl, 74
e MsOH (1.0) CHCl, 84




ma AKX UHERE T 10 YED A X AR IR E W B A IR K < e SUs 0 E T
L., 7Y —/L Ua N 8% DIEETHOLILA Z LB E o7 (entries 4-6) (B 2 F5
1 fi),

WRIZ . ARG D O & %%5 L7z (Scheme 8), #]HIZ. ap-~Eafie K7V 13a D B
MRT T M ALEN 12-P T P-13-Vm | Lipolzté, b9 —5FD 18a DA 2/ [k
MREAMNTHZETIEZRTKPERT D, i\ T, HRKICHEITTHZ LTI Y
VoL &R, ZRFEFHLOMULHLIZE DS E RV UOBBESKE (L-M) BLUEE
RALEOE (M—14a) 2SEGEANCETTLE T V' —b 1da BAERKR LB bND (5 2 =i
2 ).

Et0,C. Nl Ar

H
13a
EtO,C A N.© Ar
HO Et0,C. S CIND A =T N
EtOZC\ﬁ/\//N\N,Ar o RO WN Cﬂ r EtO,C I
H e Ho H N. _Ar
13a a ”
Ja
o Et0,C. o\ Noy AT o N A NG A
_H E1O,C )‘H +H EtO,C—/ ¢ (N7 Et0,C—/ (¢ N r
— <
@ 1 @ Et0,C—’ HN-NH \ Et0,C—(
+H H HN\ ,AI’ —H 2@ \ H H
N H Ar ,N H
H HoN™ Ar
Ka La Ma
/N‘ ~Ar oM
EtO,C~—/ N e
— Ar =
;@ EtO,C
H H
14a

Scheme 8. Proposed reaction pathway.

VT, RBUSIZE T 2 BHRIEA RITHFEET 2B U BROBHEED IOV TRET L
7= (Scheme 9), ZDfEH., BEFHEEIER N T 2 b0 o - At BT i3z k<
OGS L, BROE T Y — /L 14b-14f Z# 52 72, LovL, EBEED 7 = = VIR T T
J I ANV MIICA R VEEATDHE RT YU TIEE T Y —)b 14g-14i (TRIGE T L
LivieoTo (B 2 B 3 HitE 1 1H),

14b: 63% (R = 4-Me)

14c: 83% (R = 4-t-Bu)
14d: 81% (R = 4-F)

/
= /
i MsOH (1.0 eq.) N. /O\
R AN TR
EtO,C N. /© Et0,C—/ 14e: 68% (R = 4-Cl
INANZTN CH,Cly, rt — ° )

H 14f: 80% (R = 4-Br)
EtO,C 149: 30% (R = H)

13 14 14h: 27% (R = 4-CN)

14i: 23% (R = 2-OMe)

Scheme 9. Substituent effects on the benzene ring for self-condensation.



WIZ, ARG OEEMAEHEAZIERT2HM T, 4 2 RBICEHBEZ AT ABHEE L
bt RZ7Y' v 15a & ap-REafit K7 13a & ORSZ Mt L7z (Scheme 10), & Dk F .
Hipehe RV URIETCREMAEDETLIZBAHOE Z Y — /L 16ja i 47% DR T H i
e, [FIRFIZ ap-Rfagfie K7V 1B3a BWHCHEA LT YV —)L 14a b 33% DI T
b (55 2 =i 3 HiE 2 IH),

OMe
MGOZ}/
OMe OMe EtO,C
/©/ + Eo.C N MsOH (1.0 eq.) 16ja: 47%
MeO,C.__N. t N -
e b o ” 2NN H CH,Cl,, rt
15a 13a (1.0 eq) Etozc\/j_/ /©/
EtO,C
14a: 33%

Scheme 10. Cross-condensation of hydrazone 15a with a,B-unsaturated hydrazone 13a.

ZZ T, ap-ARfafne 7Y o0 E CHee 2 Ml LASEME RO Z1G 5 72 flix et
L7eAER, EFRR T LA TFALEE SO af-Rafie K7V 13 # VWL L7 Y —1
mm®ﬁﬁﬁ%nt(&Mm1mlvmzx%w%%otkﬁfy?ﬁ\%%E%L@N
YEUVRICEFIEES v S A2 oA EOMEIZEAD LT RWIE TS T S E
7yawmmmmﬁ%%htoé%:\tkﬁfymmﬁiﬁ%i®%@ﬁ%¢Xk#
V7 2= VIRIZEE L, A 2/ IRBE EOBEBRILE B FRICET URFT 21T 72, £ OREE,

BRI EB LI OEFGEEONTNOEMARETH > 72 (5 2 =5 3 Hiff 2 1),

-
. /:—R MsOH R’ N/Q\Rz
R\//N\ S + EtOZC\/vN N

CH20|2 rt —

H EtO,C
15 13j 16
16ji: 83% (R=H)
16ja: 95% (R = 4-OMe) @ 16jj: 53% (R = 4-OMe) ®)
16jb: 81% (R = 4-Me) @ 16jk: 59% (R = 4-Me) )

16jl: 72% (R = 4-Cl) ®
16jm: 58% (R = 4-Br) )
16jn: 75% (R = 4-CF3)

= 16jc: 99% (R = 4-t-Bu) @

MeO,C /N\N . U R 16jd: 85% (R = 4-F) @
j:/ 16je: 87% (R = 4-Cl) @

EtO,C 16jf: 69% (R = 4-Br) @ 16jo: 99% (R = 4-NO,) ?
16jg: 79% (R = H) @ 16jp: 72% (R = 3-Cl)
16jh: 60% (R = 2-OMe) 16jq: 53% (R = 2-OH)

16jr: 76% (R = 2-Np) ®

a) Hydrazone 15 (1.2 eq.) and MsOH (2.0 eq.) were used. b) Hydrazone 15 (2.0 eq.) and MsOH (5.0 eq.) were used.

Scheme 11. Substrate scope for cross-condensation.



DI RIS EIEAT 7B A RIEFIRAESK TH 5 Lonazolac®® DA RIZIGH L7 (Scheme
12), £7. op-Ffafie K7V 13 LB RT Y168 LB A XV ANVKR VR TRIGSED
&L BT Y=V 16js B 3T%DIERTH: bz, 13 b7z 16js Z/KERb Y F 7 L2 K-> TN
KO L, 2 TREINSR 33%C Lonazolac Z &k L7z (BF 2 F25F 4 ),

OMe
\©\/ /@ MsOH (2.0 eq
+
N i Etozc\/\/N T CHCht
EtO,C

37%
13j (1 2 eq.) 16js

LiOH (4.0 eq /@
THF/HQO rt
89% HO,C

Lonazolac

Scheme 12. Synthesis of Lonazolac.

AFZETIL, ap-REfie RV 0D BB L TV DA I RFIZBIT DK
PEZFIFALC, ZEBRE T Y —VEAEET 2 GEERRR Lo, RIS, e R
7Y UELEORCHEERIGTET TR, Bied e N7V UVELOREMRE RIS HITA D12
W, kxR EBIEE AT ASEBRE T — L EARTAZENTRETH D (5 2 ),

ED XSz, FHIZE RTY UVHOA I IRFOREMS LUOSKREFHEOFEK T 5 =
DOME % BEE U CHBLER S ORI 21T o 12, ZORER, BR-ZBFEGLZ O
BEATOETHD M) TV —ABIOET YV — Va2 #ERT DA RIEDBRE ISR L.
B FZ Y VB L OEOFEEROARA AR TE 7,



A

F1E NN-UTAXNLE KTV 0D C-7vufbzfdsé
I5 KT — VAR

BRERBNT ORI, BBOT X B EAEERGFRICE L BB EYOEMMERICR
AIRIMEEMEECTH D, Fo, BUEFEH IN TV S EHLOK 6 FlIZE ENTWHEER
B THDH, VEHEMNMIFERAT R RBEZMEAADHEE LT, R L RIBRFHO
HRRIT K 2 B — BB BAEH 058, LRI T & AR OIEMKTE & DOKEREES
Df B L ORI EIZ L DIEEa VAR A= a VORIER ENZETF 5D (Figure2), '
Frio, BER-EFHEEL O OAERNT n HFERIL, EFEFR—205E LR L TH
ML VERT D70, BERZ 37 & OFAAEROERIC L D1EMEDM E, o235k
~OFEG OMFNT X 2 RIEH OBEF L OKEMEOR L2 8L OER G TE 5, £
DI, TV DFEIE Z NRANHEE T 272 R ERIEDORIIL. 5% ORIFEMZEIZIB T
ACENT A 7T U —DOREE L OIEFE NN D EER FIEICIR D EEZLND,

8" 5

X.
C---N B E{ Ho & N=N l_ N_NHI N—NH
a{g_-";;j e e ED W+ O

ridazine razole 1,2,4-triazole
dipole-dipole hydrogen bond Py Py

interaction

Figure 2. Intermolecular interaction and N-N bond containing heterocyclic compounds.

FITEERT EE - EH1EE 2L 08ER T U BREBET D H7- 2 A Rkik % B
T AL, E RIVUORIGHEICER Lz, & RT Y U ITHEfZe A I U RIS, A

H H
N__H N__H
N \”/ EtMgBr HN \n/
Me\erH O  Eyo,0°Ctort Me\r)kEtO (1)
OBn 55% OBn
17 18
H _ H
N, PR Et,SiH _N_ _Ph

e ~ HN
Moo CF3CO,H, 0 °C Ao o 2)

H 829%, Ph H
19 20

Scheme 13. Reaction of hydrazones with nucleophile and reducing agent.
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X IRFDREMEZA L TEY ., Grignard 383K & OREZATINIG (Scheme 13, 2 1)39 <0
M ZF T Azl a@ELE (2)® BT THZ LT, B RZVUFEERNAKT
THZENHEINTND,

—H T B RV AIT 2V EFEDN SOOI LAB X E CaNHEAOILE 1A) 12XV,
AIVHHTH O RN LIS X - TEA 2 IRFEDPRENE LT BBV EEY T
% (Scheme 14), iz, BEAME AW C-T7 2 ALKIL ()W = raT7 s oz
FAVN 72 Michael BUAINEE (202) D s Cnd, LinL, BRIV v EREBTFHIOK
JED% < 1%, Scheme 14 1Z/R L7 L H 1A R/ IRFBICELILZEANT HHIR DI, £D%
DFOGFINC £ D EERAT v FHFRBESOICHIIRE 2B+ R STy,
ZDIH, B RTV AW EBEEHRZANT v FERGBIEORI L 7Y v ofFHMED
JERIZOTen D L WIFRF SIS,

R? R?
| |
NL -N.
’\ll R3 -~ N/@ R3
R‘1J R1 ©
1 A
Me
Me TFAA
N 2,6-lutidine N Me
N~ "Me >
Js CHCI4 R)H(CFs (1)
R” H 0°C
o)
6 21

/ﬁ\ CH,Cl )
H” O H -78°Cto-25°C ~ O2N H

22 23 24

Scheme 14. Nucleophilicity at imino carbon of hydrazones and reaction with electrophile.

ZITEHIT. BER-ERZHEALTLORER T B HFBEROT IR G HIERE D —
Ty hELTI24-FI 7Y —/VZER LI, 124- b T Y —Lid, BHIZ 3 DOEFE
FEAT 55 BREEFERATUHFFERTHY | HEx REELOBEEIITENTWHLERER
B CThH D, HlxlX, 8% 1 — MEIToH S Deferasirox'? | HFIARLIHTH 5 Etizolam'™ | HT
HIV 3 T& % Maraviroc' | FERIFIHFRIE CTH 25 Sitagliptin'® B L OFLEHEIE TH 5
Voriconazole'® 72 ENZE £ TV 5 (Figure 3), F70. BEBEMAEROEINL 772 & D3I
WTHBHEREEHMN TH D, 17
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CO,H

H N/N\
| > \
> Me)\N /N
ES
/CI
E

,\[N

/

N HO Nl/N

1,2,4-triazole i\ )\N/ S
t

HO
Deferasirox Etizolam
-N iron chelator anxiolytics

NN,
&

M
e N-N
V4
N
Maraviroc Sitagliptin Voriconazole
anti-HIV drug antidiabetic drug antifungals

Figure 3. Pharmaceutical compounds containing 1,2,4-triazole ring.

INETICHREENTVD 124- U TV —LERRIEICOWTHAT % (Scheme 15), i
7R 124- RV T —LARIEE LT, A2 REE RTVUOMEEMIGTSH S Einhorn-
Brunner & (1) 08 K72 RET I ROMGE UL T 5 Pellizzari SOt (3G 2)1 2350
HNTWD, LU BUGRRN 2255 2 EREIREHNULETHLHT2H 1,24- 8 TV —
IV DONLESEPAPERCIL R LT LIERIEE & 722 5,

2
11, . C Ly
_N -
+ _N. N + N_R3 (1)
1 3 2 3
R" "N" "R HN""R* 309 AcOH IR 1J<N>_
heat R"” N R
25 26 27 28
R2
O O i
H KOH N
N, + NN 2
R "N"°R? HzN)J\R3 heat IR
H R1 N
29 30 27

Scheme 15. Traditional 1,2,4-triazole synthesis.

D%, FRlOMEE TR Dok 2 A RIENRIE ST, ™ FOFTH, B KT
S IIANTa ) R 31 AW 1,24- 8T Y — VERIENEEHE ST D (Scheme
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16), ¥ Bz X, LT VI =0 AMMEHET., = b U AEE AW [3+2]-(NBR AL S
KDL, TI M LIRS TR, REBEE AW DBENARE (K 2)% B N-
AFNA I HF =) 35 AW ROBR2-AIINERIEOR X 3) % 22 B S Tn
Ho TNHDOFETIE, 4 I/ REBORE R ELIZEN-TY—LE KTV /A7
URINZHANDZ EIZE ST, MERREZHIEL T D,

o AICI Ar
NH R2 3 /N
N” * = > N
J\ NZ o-dichlorobenzene P />—R2 (1)
R™ ~CI 120-130 °C r1” N
31 32 23
Ar Ar
' 1) TFA, MeCN, rt /
_NH o~y N
+ H2N R N >_R2
M 2) Ag2CO3, MeCN, rt 1)I\N/ (2)
R'” ~cl R
3 34 33
,?\r Ar
N=\ /
NN [ NMe . N-N
JL = MeCN, 70 °C 12 3)
R' ~cClI R1”7 N
31 35 36

Scheme 16. Examples of 1,2,4-triazoles synthesis from hydrazonoyl chlorides 31.

ZIT,FREICHDEe KTV A4 a ) R 37T ORENRAERES Scheme 17 (2787,
ERIV )47l R 3TI1E. B RTV 38 ZIRIBSFIE TR AFALANLT 4 REBLW
NCS &G SED (TypeA), 2 F£72013e RV RN29 %2 R T 2= /LR AT 4 o BILON

R2 : R2 |
Wy MesS,NCS NH | PPhs CCly j\ H
TR RN R?
J _ S G H
1 ! 1 I
R" H Type A P RECE Type B
38 5 37 : 29
/Ier Alr Alk IIEWG Alk Alk2
_NH _NH N,NH _NH N,NH N,NH

Ar'” ~Cl AlK ~Cl EWG™ “CI Ar” Cl Ar SCl A" Tl
| 37a 37b 37c 37d o 37e 37f |
many examples no examples

Scheme 17. Synthetic methods of hydrazonoyl halides 37.
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HWALRFE IS E D Z ETERTE D (TypeB), 2 5D HETIR, BHRE T LK
FEREZDHO3TaB LRI RE R EEZ L O3 BLO 3T IZERNFARETH D, — 7,
BERREF LTV FANEE LB I RBICFERST NI NVEEZ DO RIY /AL
7Y K 37e BLOINIIARLETH LD, ZHETIZEKRBIN RV, TD-HE KTV
AN ReEfAWTEIGTIEERR - LT VX EE SO N 7Y — /L DR
BRUTARIZERR S LTV,

BT, HffiZce RV 20 124- 8 7= LERERN L O0@ESRTND
(Scheme 18), il xIX, #fitlitz AN PN INZEHEAT Y —Le KTFY 2 39 O
o7V TR (Ra)® Rt KTV 40 84 2 FA L7l R4l OFFE IS (b)),
vrnuaxzH 42 BRFREEB 2V N EERRE LTHWEZ PO VDR ()
b RT7Y 38 LT XTIV 34 OREII T » 7Y 7GR ()% Ze EREE ST
Wh, ZNHORISTIEL, FEE L TEHRR T LICEHEZ —2> 6D, HDOWVITEWHEL
B2V E RV UL TS, —fIIIC, N-E/ 7YV —/L b RT YV NILETH
HDIZK L, N-E /T NAX N RTVANIRLZETHLZ ENRMBILTNS, 2D 2D
INGDORIGETHEH, N-E/ TAFAe RIYV U RIEEAC#EATE T, Xd OJSIZEN
TEBWT VXV EEGT D N-TAFN-124- 8 ) T —VERD 2 FlOIZFEE S TH
L, WTNHIRIETH -T2, 2 —FH, N-TF-124- U 7V —)LiX Figure 3 12/~ L
I DERBICEENTWVDIZD, N-TIAFN-124- 80 TV —/LORN A
FIE DTSRRI BT 2 HERY — L e D Z ERHIFFTE 5,

Ar2 Arl 1) DABCO I, " Ar
! 1,4-dioxane, 60 °C NaOAc -NF2 .
NH | N N
(a) N+t N RPN v g YL (b)
J HN 2) Cu(OAC),*H,0 DCE (42) R" “H Re” Cl
Ar'” TH Ar? rt R2 80 °C
39 39 ' 40 41
/N
IR
R N
R4
AI\I'Z |2 $2
Co(NO3),*6H,0 <. TBHP
© NN NN+ N RS (@)
110 °C MeCN )y
Ar1 H 90 °C R1 H
39 42 38 34

Scheme 18. Recent reports for 1,2,4-triazoles synthesis from hydrazones.

ZIZT N-TAFN-124- U T V=V OEENREGRIESLE LT, YT Y —LD N-T
NXIAELRIERE Z DD, L, MBI OSNOBEBRENELD N7 —/1 43 %
2-FA—RT7 R R ESED L IBX O 2 MOERFT BT IVE REETNLE 720 |
I B X2 M TENENT VI NMACSIERHET LI b U 7Y —/L 45 38 KON 46 DBREW)
ELTHELNDZ ENRMEIN TS (Scheme 19), 22 ZD 7=, FTLONEIZT L F/LEE
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EHTDH R T Y=V ENRENAGLT2OIE, MU T Y = VBRHEERTICH 5 LTV
FNEEZHALTBRBERD L EEADBND,

Z_;

Me Me

R e L e
N ° A\
N I”">Me  THF, 60 °C Me/ﬂ\ﬁ> /L>N>

43 44 45: 32% 46: 21%

Scheme 19. Alkylation of 1,2,4-triazole.

FITEHIL. N-TAXN-124- 10 TS — VORI ERIEDORFEE BFE L, NN-2
THAFLe KTV 47 EATREG =8V LORXH[B32-( RIS % 5HiE L7
(Scheme 20), NNN- T/t KTV 0T, 2 5O T AR AL 5B GO0 A 2 )

RFBORBEMER T LU, A X RFE R TAEIEIRAICRE A & RS S5 2 L3 AHE
25, L, A2 REOREEIZZ LWED, KEMEOTH = N VOERF %
KREMMEELZ L IFRETH D, DD, 1,24- N7V =V EEGKT HT2OICITKRE
TR E LR E R T ALERH DL EEZ NS, £ T, NN-VT /¥ /LE R
T DA IRFBOREMEZFA LT, Scheme 17 THRARJZAREZERE KTV /AT
2l K 37e 8L O3 YT 5 A 48 %2 R CBL X, = b U LV ORERMINZ &
5 124N T Y= VAN ARETHDH EE XTI, EHIT NN-UTVFLe KTV 03,
N-E/TIFNE BTV L L CEHRRTF EONKEENSERLTWDHZD, B FT
VUBXOHEALE LTERTDIE KTV A7 a U ROMKSIRIZKTT D22 ENENH
B EEZT,

Alk Al Alk
i
NO NO R2 -N
N~ Ak —————> N Ak + e Nl £ R?
J— I N -
R e+ R E R’
47 48 49
« stability 1 « electrophilicity 1

* regioselectivity 1

Scheme 20. Formal [3+2]-cycloaddition of N,N-dialkylhydrazones with nitriles.
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1T RIS R BE(E DR

IZUOIC, WEHERD NN-VATFILE TV 6aBILON-AT)LE KTV 52 DERK
EiToTz, Xk OFEESBIL, Y7 una XX Wi~ 732> U MMFEE T, TIlRON
VAT AT E R (50a) EHIIROE 7Y 51aBLU5Ib 2 &85 2L T, HOE
K7 6a? B8 L ON522 % 90%F L TN 95%DULR DN =R TE AL L= (Scheme 21),

Me
o) Me MgSO,4 I\Il
P + N >~ N~ R
Ph™ "H HoN" R CH,Cl,, rt
2Cly Ph)LH
50a 51a (R = Me) 6a: 90% (R = Me)
51b (R = H) 52: 95% (R = H)

Scheme 21. Preparation of hydrazones 6a and 52.

WIZ, NN-CAFILE FTY 2 6a %AW CTIERABH2-MINBRAL K G 2 B L7z
(Scheme 22), 3", "7 A bHIE LTNCS (1.5 24 &) BI O Lewis i# & L T BF3+OEt, (3.0
BE) ZHNTT® h= MY AHINEGERT S L. BRIO N-AF/L YT YV —)L Taa
64% DI T B, FRIRHZERIFA T EOAFNIKICA T oA I RPREAINZ YT

V' —L 8 b 9%DINR T LT,
0
ﬁj

Me NCS (1.5 eq.) Me 3
N BF5+OEt, (3.0 eq.) _N _N
N~ “Me N + N
Pl MeCN, reflux P )—Me P )—Me
6a 7aa: 64% 8: 9%

Scheme 22. Formal [3+2]-cycloaddition of N,N-dimethylhydrazone 6a with acetonitrile.
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ZZ T, N7 Y=L Taa DD M EE2 BIE L, RICSHFZ R L7 (Table 3), A2
A X RAIME 8 DAERUTIZT PHNVEIEHEE L TWD EF x| #EEMET, RS
ZAToT2 (entry 1), TOFEFR, WiffiE Y GISUSHHH S 4L, BRYO ~ U T Y —/b Taa DIL
Y 90% F Tl L L7272, COROFEMBRENTIERZMETTITI 28 & Lk, Hl T,
BF3*OEL HEAF(E TR LU NCS HFE T, TNENUEEIT>T2L A, FU T Y —/1 Taa
TSN 572 (entries 2 and 3), ZALOH DFERNH v 7 U ALHIE L Lewis FED
WHBRARNY 7Y = VERICARRRTHD ZEBRHALNE o1, RIS, ~r T AR
DUVWTHRFET L72 (entries 4-7), £k % 7o iR bAIE L ORBLAIZ VT RER, FREN LS
WIXEET Taa 235 HAL72 (entries 4-6), — /7. NIS ZHW\ 2% LARINERIZHE £ > 7= (entry 7).,
NIS Zffi - 7= AR ME T LZRK E LT, RPTEKRTLZE RTY AT AR
9ca (X =1) DALZETHY, BWONIHMRBOSPEITLIZZ EnEZEZX oD, Z2ETO
BREHZHBV T, NCS BLUNBS Z W1 Taa DIRNF CTH 7223, 5 1 EH 3
5 1 IR 2 FE — M OMEFHT BT, NBS & WA ICHID MY 7Y —u

Table 3. Optimization of rection conditions for the formal [3+2]-cycloaddition.

Me halogenating agent (1.5 eq.) Me Me
N Lewis acid (3.0 eq.) N _ N 9aa (X = Cl)
N~ "Me - N via N” "Me | 9ba (X =Br)
Pl MeCN, reflux, dark l ¥ Me L 9ca (X = I)
Ph Ph Ph X
6a 7aa
entry halogenating agent Lewis acid time (h) yield (%)
A NeS _BRgOE, _C 185 . %0 ___.
2 NCS E— 5.0 ND
ST . BRyOEL 190 ] NR .
4 DCDMH BF3*OEt, 18.0 49
5 NBS BF3*OEt, 16.0 90
6 DBDMH BF3*OEt, 18.0 87
7 NIS BF3*OEt, 17.0 12
8 Nes ACl, 175 80
9 NCS Sc(OTf), 18.0 ND
M0 NCS YbOTfy 175 ] ND ____
11 NCS BF3+OEt,? 18.0 58
a) BF3*OEt, (1.0 eq.) was used
- O o] 5 O O
~ AN
N—CI N//<N—CI N—Br N N—Br N—I
Meﬂ Me
Me o) o) Me o) o
NCS DCDMH NBS DBDMH NIS

16



DOULRDNKIEIAR T LIS FAE LIz 72 LB ORBaHI a7 Akl LT NCS %
HAWbZ b LUz, WIZ. Lewis BEOZNRIZ SOV THiET L 72 (entries 8-10), Hifb7 /v =

L, RNUTZNAFO AR ZANVKRUBALI T LABIONNY 74 a A2 Z)VR R
AV TNAEDLERHWTRINEIToT e 2A, BT VI =T LAZ WG E DA Taa 3
o, IEEIEIM EL2R o7z, 5T, BF*OEL & 1.0 &£ TRET 5 & IERBMEK
T L7z (entry 11), L EORFHFER S, 78 b= b U VRS EESRMET 1.5 2480 NCS
BLU3.0 HED BF*OEL Z WD RMDIR O BWRREGEZ D Z ERWGMNE ST,

WA, REOSMZBT DA F AT 2 ) FEOLEMEZH LN T 57280, N-AF e R
V52 AW THRIESME T, RS AE{T> 7= (Scheme 23), ZDFEHE, HHIO M) 7' —
SV Taa 1L 38% DL THE LI, NN-UAFLE KTV 6a & WA Ll LT, =
MRIBITAR T L7z, E72, Taa OMIZ b EZ 225D BT | SR EIZITE > TV
RN, 7235, Taa OUEEME T L7 RRIE, & R7 Y 0GB THHE KTV AL
7ul) ROLREWEMETLEZ EIcE ), KW BEH LD Thr EEX NS, 2
DFER S . ARG ENRINTEITSEE720121E, E RIV o7 2 ) BHRIT EEA
NEHETHLZ LR LN T,

Me NCS (1.5 eq.) Me
NH BF3-OEt, (3.0 eq.) N
N/ > N
i MeCN, reflux, dark /ﬂ\gf‘Me
Ph 135 h ph” N
52 7aa: 38%

Scheme 23. Formal [3+2]-cycloaddition of N-methylhydrazone 52 with acetonitrile.

NN AF L KTV 0 6t &, 7 b=k U /LERT BF;*OEtL £ F. NCS s &¥5 L,
62%DILHFET R Y 7> —/L Tta G DALz G 1 T8 36 1 ), —J7. NBS Z HW A1,

Tta DN 20%FE TIRF L7z, £/, R Me NXS (1.5 eq.) Me
VOLBAETAE KTV 5T T b Ny —eOB (80 0a) NN
DU NG N "Me M
_ Me\/\)‘ MeCN, reflux Me\/\)‘\N/% e
=k U Vg BFs*OE A7 7E T NCS & X ot Tta
JEEEL L. TE NI REETH MU T Noo: oo
V—)L 58 NELNT- (B 1 £ 2 #i), — NXS (1.5 eq.) 0
fr (%4 2 50 @ BF4+OEt, (3.0 eq.) N/N//\/\N
ji\ NBS %ﬁﬁb\f}im %?T 5 & N 58 61’/{% % J MeCN, reflux )\\N/>7Me H Me
N Ph
Nihot, B, MaBLOssouErn oy 58
NCS: 44%
KB T LFREE, BED L Z AR NBS: ND
Thd,
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28 USRS DB LR

ARBOEOHEE SOSHE RS 72 Scheme 24 (R4, 9, B FT7Y 2 6a & BFIZ X Wi LS
MIZNCS & D C-7 v v fLBOSHETT L2tk PRE E OBi7 v FALRETTH 2 LT
BRIV /A7 ul K 9aa BEKT D, RIS, b D40+ BF: I L D HRFEFOTEME
& A X EHRPLOIMAEFOM UM LI & 0o A DS 5 2 L TN-T
R/ =RV UTALFa ik, Hil T, Fa~DO7 & k= kU LOREMNKIE, PHEIE G
D 5-endo-dig FRDBRALIERB L O NV 7V U 7 AH DA F IACS S 38 eI T L,
FUT Y= Taa DG HNTZEBEZ TN D,

BF3
o
m_N;j M
Me e
? o SN N
Mg ——> N“® Me N~ "Me
By g Si§
Ph™ "H Ph” 4 H Ph”™ (ClBF3
6a - E 9aa
Q
F,B=ClI e
Me
4 CON NN Me
AN e PH)LN®
Ph N
\_ A\J\\
N=—Me Me
Fa G
Me—_NI\‘ _
Me Me
)|\ />—Me \ | />—Me
N N
Ph 0 Ph
H - M 7aa
Me)L”, e

Scheme 24. Proposed reaction pathway.

WAZ, AREISOFERNZ OV TEL F OB /01 CREL < BT 5,
BRIV A7) ROEROHRE (6a—9aa)

N-7 2/ =1tV VU7 ADERDHRS (9aa—Fa)
TEARRIB+2]-AINBRALEUS D SUGH#EE (Fa—Taa)

i A F AV B D SO (H—7aa)

M w0 bd e
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1. BRIV IA4V7 vl ROAERDIHER

AR OFER (Table 3, entry 3) IZBW T, B K7V 6ald NCS FEFFAE F CTlEa< UG
HEITLRNZ END NCSIZL D C-7 v o {bRISHARBUSDOEITICEE TH L LEZ B
5o & 2T UNEMER PR L HESNDLE RTY /A7 vl R 9aa® & RHIIEHRE L,
9aa DS T CORIGEMTT LTz, ME72 9aa X, YT Lo —T7 L THLRV Y
A (83) & NN-UAF e KT (5la) OT VLR IRIZE > T KTV R 540 %
P U722, 7 X ROKREFINEM L LR 7 v e fbUSE1T 9 2 & THM L7Z (Scheme
25. 1), A L7-9aa =7 & b=k UL BF3+OEt, CALELL7=E 2 A HIYD h ) 7 —
JL Taa 8 8% DINEKTH Oz (K 2), ZOMENL, B IV /A7 1l K 9aa N
JEHEETHY B KTV 6a?d C-7 v {LENIE UDICETT 5 Z E RN E 725
77

o Me 0] I\I/Ie PPhs, CCl, I\'Ae
)J\ + ,Ill\ - . _N. _— N "Me
Ph™Cl  HN"Me Epo0°c TN M meon, rt L (1)
1h 4.5h Ph™ Cl
53 51a 63% 54 44% 9aa
I\I/Ie Me
N’N‘M BF3+OEt, (3.0 eq.) N’N/
e .
)J\ MeCN, reflux, dark l N/>—Me (2)
Ph Cl 17 h Ph
9aa 82% 7aa

Scheme 25. Formal [3+2]-cycloaddition of hydrazonoyl chloride 9aa with acetonitrile.

2. N-7X/7=btVV7YLDERDIER

WIZ, B KTV v 6a %7 & b=k U/LEGH NCS 3 L O BF3*OEL /775 F TG S,
1 BRER OONAW D ESI IZ K DB &G & 1o 2A, B RTY /A7 2V K 9aa
TR ST, aa D OIEACA AU RBBEL 72 B X ONDN-TI /) =FJ VT AFall
MBI 250 FA 4 E—27 Pt &7z (Scheme26), £7-. T DINRIKIZKEZNZ D Z
ETCRISEAFILSED &, Fa OKFRISDET LT EZEX DD RTU R 54 BZEo
2o ZOFERIE. N7/ =R VU U A Fa RAKISOFRKRTH D Z L ERBLTND,

Me NCS (1.5 eq.)

Me
,lll\ BF3*OEt, (3.0 eq.) ® l\ll )(i I\I/Ie
N Me ~ N"TMe | T o NNy
)| MeCN, reflux, dark =z work-up H
Ph o
Ph 1h 44%
6a Fa 54

miz = 147.0916 (M*)

Scheme 26. Detection of intermediate in the reaction mixture by ESI-HRMS.
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3. ER3+21- M INERA VI D UG

N-7X/7=hrJUDTAFanb b7 V=)L Taa WERTHREEE LT, ZH>DOR[HEM:
NEZ HI5 (Scheme 27), OEDiE, Fa IZRLTT7® b= R U ANKREMNTHZ LT
HER G & 725 7-1%. 5-endo-dig FRANDBRLEISIHB LR U 7Y U 7 L H O A F ALK
JEDNEAEINCHEIT T 5 2 & T Taa DGO ORI TH D (path A), b 9 UOEDiX, Fa DfiL
AF AN L > T 13- M D=r VLA I NBER LR, TER= I L ED
BRI HEITT 2 Z & T Taa DG OLNHRETH D (pathB), 22T, =hV
NAIVUNIZERTDE, T EREDOATF VL, i OABMOLZEIICITEE
WINSNWZ EMBZBND, ZDT-D, Fa Ot A FIALRISIFIEHL = 2 F =N K& <
path B O SR Tl path A LG LU TARRITH D EHEEL TV DH, ZD78, BIfED &
Z % path A DRSS THEIT L TV D EZEZTWAHA, path B b BICHEIXTE 220,

Me l\'/le Me
® N N=—Me N~ IMe & Me
///N Me nucleophilic Ph)J\N& cyclization i | />—Me
Ph addition O pn” N

Fa
path B|| demethylation demethylation

Ve _ Me
® NO N=——Me N- N
///N | />—Me
Ph [3+2]-cycloaddition Ph N
N Taa

Scheme 27. Proposed reaction pathway from N-aminonitrilium Fa to triazole 7aa.

4. B A F AV DSOS RS EE

Bz B EOSHRUEDEIE A MR T D720, E RTIV 2 6a 27 F=F U/L&HT NCS
B & OV BFs*OEt fE7E F TS S 7- (Scheme 28), FGBRAA 12 BEf# O FUGEAK D ESI
LOEESWEITST2EZANTI V=RV VU ALFa, E RZIVNMBIRN) 7Y —
SV Taa DB S AU LA FOUBBORIZE KT D N-AF LT+ 8T 2 K55 3R TE 0o
oo 728, N-AFNATERT I N55 D401 &I1X73.0950 THDH72D, JIELEED m/z JIE
FRFUC & 0 R TE RS T ATREME L B ETE 220,
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o j\ Me
N. N
~N Me Ph"™ "N” Me
=~
Ph” H
Me NCS (1.5 eq.) Fa 54
N BF3°OEt; (3.0 eq.) m/z = 147.0917 (M*)  m/z = 165.1024 (M + H*)
N~ "Me > M
Pl MeCN, reflux, dark N e o)
Ph 12 h N~ M
6a )l\ />—Me Me)J\N’ ©
N H
Ph
7aa 55

| miz=174.1029 (M + H")

not detected

Scheme 28. Detection of intermediates in the reaction mixture by ESI-HRMS.

it 2 FIALISIZ KT Db+ 2 BT, MU 7 U o AR H ORI
F (N1) D2 507 VI NVEZEIRICETET 52 & Z5HE L7z (Scheme29), HIfFiE v #
ReSOGEITTAUE, 28w MU 7Y U O AHEE HOREFIC LD C-N G OBHR D
1TL. KRR EANSINZT VXN =% DRI T Y=L OB ELND EE

X712

'\ée,‘\l'Me o N\, /\
NI/ />—Me N|/N/>')—Me )NL/N/>——Me Ny
Ph” N Ph)\N ph” N
H H' 0

Scheme 29. Substrate design for the trapping demethylated product.

FP. PRI UUERELOE RV Y ST ARUXTATE R (50a) & 1-73 /¥R
U VR (56) DO UGIZE VAR L7 (Scheme 30, 1), HFbhizt KTV 57
EIREFEE T CRIG ST E A TE NI REL D NI 7Y — 8803567z (K2),
I T, 58 DAEMMIKIZOWNWTELE LI, E KTV 5T b AER MU TV U o A
P WERLE®E, TE M= NI VORBHEBIZL SR Y O U BROBBRKGET L,
= U U LAHRREIRQ AT D, HEWT, Q DKFMBICHEITT LTI FTIR
EHETHRNIT =S8 NAERLIEEEZ TS, ZOfENS, 78 h=F VLM CN
FEEOBRR WA FALRIR) 1IZBE L TWA Z LRI LN E R oT2,
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Ph H H2N pyridine, rt )|
1h Ph
50a 56 92% 57
NCS (1.5 eq.) o
,D BF5°OEt, (3.0 eq.) N//\AN/Z<
N’ _ N-
H Me
)l MeCN, reflux, dark | N/>_Me
Ph 18 h Ph
57 44% 58
NCS, BF3*OEt, ‘
l MeCN [ H,0O

N=—M
(N@/— e N//\/\ ®
N3 _ N-
)NI\ />—Me | />—Me \\
pn”~ N ph” N Me
P Q

Scheme 30. Proposed reaction pathway of C-N bond cleavage.
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55 3 H HREE R Z B9 5 AT

WIZ BT R [3+21-AINBR AL B o0 J B i A A PH oD R

R2
AEITo 7, H1EE 3 EH 1 HTIEA I/ RELOBERE w“w
(RY)., 5 1 255 3 i 2 IR EHF 1+ L@ RY) BX jl 4/W
1 7
Q= h UL EOBEHE RY) IOV TR L7, R N

F1HE A3 RFELEOBHIL R OH

S

FP. HWE LD NN-UAF )L RT Y 6b, 6¢, 6e, 6g, 6h, 6k, 6n, 6q DA K E1T->7-
(Table 4), XtJd D& T LT & K 50b, 50¢, 50e, 50g, SOh, 50k, 50n, 50q & N,N-3 A F /L
b R UUHEREE (59) 2 ) i BUKMEETH2ZLICEDE RTY 2 6b, 6¢, 6e, 6g,
6h, 6k, 6n, 6q 7% BAF 2R T bz,

Table 4. Preparation of N,N-dialkylhydrazones-1.

Me
0 Me \
PR - N, *HCI — N™ "Me
R H HoN" "Me pyridine, reflux )I
R
50b, 50c, 50e, 50g 59 6b, 6¢, 6e, 6g
50h, 50k, 50n, 50q 6h, 6k, 6n, 6q
entry aldehyde R hydrazone time (h) yield (%)
1 50b 4-MeCgHy 6b 4.0 84
2 50c 4-MeOCgH4 6¢c 4.0 96
3 50e 4-CICgH4 6e 4.0 80
4 50g 4-CF3CgHy4 6g 2.0 74
5 50h 4-NO,CgH4 6h 3.5 80
6 50k 3-MeOCgH,4 6k 3.5 93
7 50n 2-MeOCgH,4 6n 7.0 63
8 50q 2-Np 6q 2.0 82

WIZ, NN-Y AF )L RZ V2 6f, 6i, 6], 61, 6m, 60, 6p, 6s-6v DAk A 1T - 7= (Table 5),
KT D HF/IRET VT & K 508, 50i, 50, 501, 50m, 500, 50p 35 L OMENET LT & K 50s-v &
NN-UAF )b KTV (Sla) # A% 7 — /L PKMEAET D2 &L e KTV 6f, 6,
6j, 61, 6m, 60, 6p, 6s-6v 75 EL4f 72 R T B LTz,
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Table 5. Preparation of N,N-dialkylhydrazones-2.

Me
9 Me N.
IS + N - N~ "Me
R H H,oN Me MeOH, rt )|
50f, 50i, 50j, 501, 50m 51a 6f, 6i, 6], 61, 6m
500, 50p, 50s-50v 60, 6p, 6s-6v
entry aldehyde R hydrazone time (h) yield (%)
1 50f 4-BrCgH,4 6f 3.0 54
2 50i 4-CO,MeCgH,4 6i 1.0 quant.
3 50j 3-MeCgH, 6j 1.0 93
4 501 3-BrCgHy, 6l 1.0 98
5 50m 2-MeCgHy4 6m 1.0 quant.
6 500 2-BrCgH4 6o 1.0 76
7 50p 1-Np 6p 2.0 98
8 50s c-Hexyl 6s 3.0 96
9 50t n-Bu 6t 3.5 50
10 50u PhCH,CH, 6u 3.5 83
11 50v PhCH(CHs3) 6v 2.0 80

VT, SCHR 2 OFEEBEIZ, 48 ReXx o XUXT AT e K (50w) 238107
oy FizkyensaAf kL, ELICNN-VAFILE RTV LV (5la) LigASE5H 2 & T
A AR EE L O R TV 6d 6% L7Z (Scheme 31),

PivCI Me
pyridine ) lll
DMAP H,NNMe, (51a) w’\Me

H ———
/©)\ c;H20|2 MeOH, rt
0°Ctort,1.0h PivO 1.5h
quant. 89% PivO
50w 50d 6d

Scheme 31. Preparation of pivaloyl-protected hydrazone 6d.

EBIL, RV TTUEAETDHE KTV v 6r DEREIT>T- (Scheme32), ik > D%
EasE, YIVFATATER B0x) E70ET7 8N AT E RVZTF AT BHY —)L
(60) & D O-T IVFALKESIZ LD 7~z57~»%§{1< 61 Z# 5k Lz, i\ T, 61 & FEfEH

MEG 5 Z & ThHFHNT IV R—IHEEKISIZ LY 2-_R Y TF VAR T AT e R
(50r) AL, NN-Y AF )L RZ P (51a) }:ﬂﬁ EEDHZLET RNV TTUERT
LHe R7Y v 6er ARk Lz,
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o I
I OEt K,CO3
¥ Br/\( - OE
OEt DMF, 100 °C o/\( t
OH 23 h OFt
50x 60 89% 61
I\I/Ie
O H,NNMe, (51a) NV Me
2 €2 a
61 - N/ I
AcOH/H,0, reflux o MeOH, rt =
48 h 1.0h o
16% 50r 75% 6r

Scheme 32. Preparation of hydrazone 6r.

WIZ, B LT NN-PAF e R0 6b-6v % W TIERA[3+2]-AH B LA &
# L7z (Scheme33), (XL DIZ, RUBUVBRODNRNINMICEBRIEEZGTHE K7V 2O T
MEt Lz, AFNLE, A MV EBIOEANaA LA EEET 5 6b-6d % Fam sl T

|\|/|e NCS (1.5 equiv.) Me I\I/Ie Me
N’N‘Me BF3+OEt; (3.0 equiv.) N"\i via N’N‘Me ® I{I\
i MeCN, reflux, dark P )—Me L PN e
R 14.5-24 h R™ N R" > R
6 7 9a F
Me I\Ae I\Ae
N~ ~N -N
Me N N
| N/>_ | />—Me R | />—Me
R N N
R
7ba: 98% (R = Me) 7ja: 95% (R = Me) 7ma: 52% (R = Me)
7ca: 68% (R = OMe) 7ka: 85% (R = OMe) 7na: 55% (R = OMe)
7da: 52% (R = OPiv) 7la: 63% (R = Br) 70a: 60% (R = Br)

7ea: 85% (R =Cl)
7fa: 70% (R = Br)

Me
79a: 71% (R = CF3) N-N Cl Me
7ha: 71% (R = NO,) />—'V'e />_'V'e />_
7ia: 66% (R = CO,Me)

7pa: 81% 7qa 88% 7ra: 49%
Me Me Me

1 Me 1

N ! N N-N

| )—Me N-N | )—Me | p—Me
N | ,)—Me N N>_
Me N
Me
7sa: 66% 7ta: 62% 7ua: 49% 7va: 52%

Scheme 33. Substituent effects at imino carbon.
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ARG % & Tba, Tea 3L N 7da NENZEIL 98%. 68%F LN 52% DR TR LT, &
I, oo uekEAT5E RV 0 6e BLO6f VTS EITo2E 2 A,
HEYD LU 7V —/b Tea B Tfa B RAFRICETHE N, £, EFROIELHTD
E RV 6g-6i & -5 6E S BIFRIGE TS 5 MY 7 — /b Tga-Tia 235 b7,
N T, AZMBLOAL MICE#REZGT 58 K7V 6ja-60a Z HWTHFTZ1T>
oo ZOREFR, AV MIICEBILZE T 556, MY 7Y —/L Tma-Toa DI |XHREEC
ﬁTLtozw*&ﬁ% KRNI EFE DO BEEZ T LI ERHLNE RS, &6
T 7FNVEEETDHE KTV U EHANWD L EIET Tpa BEL W 7qa DG oz, —F,
m//77x%ﬁ?étb7//Wr%mw5&\A//77/@3u@7mmmént%
U7V —)b Tra PHREDOINRTHE LN, FFEITREZ LI, TAXAVELATLE R
TV 6s-6v W TRIGZAToTo & 2 A, HFFd ) ROSHHEITL, FU T Y —/L Tsa-Tva
INHFRREDOIRTH LN, kO RTV U EHANWE N TV —LOEMIETIH, &<
DOEBIENT VI NVIETHD NV TV —LOEMIIRECTH D Z &b, ARRINTZE DK
REFRTDERRBISTHLD EEZ BID,

RUBUVBR EORIMICE G REEHTT D Teaa BL W 7da L E KRB LA HT D Tga-
7mi\ﬁ%@@7;%w%®%ékmﬁbfﬂ$®ﬁTﬂﬁ%mto_®@m%uTmi

INTHBE LT,

Vicario HlX, B KV o D7 /%’%J: HEEEZHL, 612142 /7 xELICE
FRBIFEEZAETDERT Y 62 2% TAT e RETUT V=Tl ) — UfilEfFE T
TINS5 2 bf4‘/Pf®*ﬁééﬂmbkw7/7w7tF%@Am AP L
TUW 5 (Scheme34), ¥ 5%, 7V EHK LOoBEBFHERIICT =05 LELL, A
I IRF LOBEFRSIFEIDNART =F o 2 ZET D728, ILEEER 62° DT 523K
ENDHZ LT, MEBRNPNSEDNEITT 5 2 L2l LT 5,

Contributesﬁo cation stabilization R0
Ar EDG
EDG EDG N 'w§/Ar !
_NH _NH H OTMS N*
N - N ’@ -
| ) toluene, rt EWGMO
e O
62' 63

Contributes to anion stabilization

Scheme 34. Substituent effect of donor—acceptor hydrazones.

Vicario & DL % & ENZARBFIED BEHILHFIZHOWTEE LT, 6a WA, 7=
SNV XV INERT =F o INEEEIND T2, 6’a DAFGEPREL, 42 k% EDE
TEFENHR U, DRSS EIT L2 B 2 54D (Scheme 35, R 1), Zhuzxi LT,
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EIHEREEET L2 FT7Y v 6e BLU 6d ZHW5GE, HBEHEER 6c 8L O 6’d D
iz~ B U EOBFREEND OB FEEIZL Y 67c B LN 67d D K 5 72 g IED
FENGFHET L EEZOND, TDD, e BLOCd DFENFHLLTEY, B KTV
JANT Y K9ae BLW9ad DERNES Tl oz R %925 MY 7V —/ Tea
BEORTda DHENMETLIZEBEZBND (2), B, ATFNVHEEHT S 6b TiX67c B
LV 6"d DX O RIEHEIEL & LN OGRS BN NS mIGETHY
T =L Tba BELNTZEE X TN D

I\I/Ie I\I/Ie I\I/Ie
2N~ N,
N“® Me
N fast = Taa )
S as cl
6'a 9aa
Me Me Me Me
l | | l
O N. N _N. _N.
N Me N Me N“® Me N Me 7ca
-~ | -~ —_— =
o slow cl 7da (2)
®
IRO RO RO RO
6"c, 6"d 6¢c, 6d 6'c, 6'd 9ac, 9ad

Scheme 35. Substituent effects on benzene ring-1.

— 5T, BYRBIFEAEHFTHE KTV 6g-6i TlL, Vicario © DAL & [FIREIC, HIBHEE
K 6°g-6’i DA HGNRREL, BRIV /A7 1V K 9ag9ai AR LT WD <E75>*E£Eé
1% (Scheme36), LU, ZDHAMT H N-7I =K~V U DA Fg-Fi 23 F:K5|1 %I
D REZEAEIND T2, Fg-Fi OERNIH S fs R, PRIEN T D Z & _JZO“C\
$HET 5 YT —) Tga-Tia DPEPME T L7ZEEZ TS

I\I/Ie I\I/Ie
|
6g N/’N\M N/N\M ® N. 7ga
6h < eMe | ° . N Me —_ 7ha
6i ©) fast /@)J\Cl slow Zia
EWG EWG EWG
6'g-6'i 9ag-9ai Fg-Fi

Scheme 36. Substituent effects on benzene ring-2.

Floonua o EETD6e BLN6f TH, 6a & W7 GA &g U CTIEEME T L7,
Brown@01 HE3WIEDE, 7kt T unE o o EHIZIELLH5 023 THY, ~u s
IFEFRGIEE LT TWL Z ERESIND, £DI, Scheme 36 Tilk~7- 6g-6i
&H%®EITW¢#@TLt&%x%ﬂ6 —F., zuuikl T aeROLA TIEIC
FEIMBBIVTZN, ZHHDEWRILD oy BN HHEET L EEFHIIRITIZ E A EEN e
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EZEZHI, WEROELZDAT L Z LIRS TH D, T, XUBUVE EO T VR
RS E- 2 DB HOWTIX, BIEDE ZARHATH 5,

YU LOREROE & E TRICR LT,
1 ARSI, A 3 RELOBHRL RICHEEREAT 550, BTHAE !
IS OIS TR SIS T 5. oM
2. REELTRUEBVEBEDATMICA FFVED LS RE 55T R
YA IEOEFAZLNE, “HIL, & K5V )4 A7 8l FOERNRES Th<
ol Z ENBRTHD EEXOND, £12, = ko k) RE TR KL 1
EATIOIBEEICHBNKRDOIKR T RNALNZ, ZHUEIN-T /= b VT LDERNES
TR o D ERERTHD EEZBND,
3. [EIE RUCHFBIILT L HME TR xBTS AIEH TS NN-U A F L
E RTZVUmb N T Y= AN E5N D,

28



H2TH  FE M (RE RY) ICET 2T

BEF T EOEBRE RY) O—FIECOWTHRETT 2720, RPICHEX BT AR VEER
THREOEREAIT ST,

FP, 2TV EBIOANF ULV EEZETDIE TV v ew B XU 6x 4% L7- (Scheme
37, FT. WV R tert-7 TV (64) B NN-UT VXA LTk, Y7 uaa XX oH
MY 7 A v FEE TR LT Boe A BRE L, RAFRIEET 66a 35 L1 66b & U 7 /LA
aEERIE L LT, VT, RURXT LT E R (50a) LB KTV N 74 o FRRLE
66a 5L 1N66b # B U DUFETHAGIELZETE RIV rewkIWNex #5k LT,

R2-|
2
Boc. -NH; DIPEA ; E CF3COzH R? e oo
OoC<, N .
H MeCN, reflux H R? CH,Cl,, rt H2N’N\R2 sv~2
64 65a: 82% (R? = Et) 66a: quant.
65b: 88% (R? = n-Hexyl) 66b: quant.
R2
(0] R2 pyridine l\ll
P G N *CFsCOH —— N-g2
Ph” "H H,N" "R? MeOH, rt )I
Ph
50a 66a, 66b

6w: 33% (2 steps) (R? = Et)
6x: 90% (2 steps) (R? = n-Hexyl)

Scheme 37. Preparation of N,N-dialkylhydrazones 6w and 6x.

WIZ, v NVAXTEEETDHE KTV 2 6y Ak L7z (Scheme 38), £7°. V7
OO AR ARKH, 2-E RTY 2K J—JL (67) EZFLUAF LR (68) BIESHE D
SETERT VU 69 EBM LIz, BT, RUXT AT F (S0) Lifie Lz, £/3n
AT DL TERRA ARV EEETHE RT VY 6y 21587,

H 0 N [ oH

N~ + N
HN OH AR CH,Cl,, reflux H,N" " OH

67 68 15 h 69
PivClI
(\OH pyridine (\OPiv
o N DMAP N
Ph H MeOH, rt )l CH,CI,, 0 °C )I
50a 20h Ph 70 1.5h Ph 6
44% (3 steps) y

Scheme 38. Preparation of hydrazone 6y.
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W CT, A YT ikEz G958 K7V 6z AR L7 (Scheme 39), £9°. A
V7uEAT Iy (M) = bw bl R E W& ICSIZE Y NN-U A
V7ae)bk RZUV (13) 21572, W\ T, XU XTILT B K (50a) & OMEAKIGIZE Y
Hiyor K7V 6z Ak LT,

Me Me NaNO, Me Me Me Me
conc. HCI \r Zn powder \(
HN Me > _N Me _N Me
h H,0, 0 °C to rt ON" Y~ 4 M HCl aq., rt HoN™ Y7
Me 30 min Me 4.0h Me
7 72 73
PhCHO (50a) 'V'e\('\/'e
AcOH
- N,N Me
MeOH, rt, )| \(
1.0 h Ph Me
61% (3 steps) 6z

Scheme 39. Preparation of hydrazone 6z.

PLEDESIZEE LI NN-UT LF e BT Y 2N T, 7' b= Db 0fRAr
[B2)-FHIBRAL UGS Z 85t L7 (Scheme 40), # DOfEF, Bl 7 VXV HTZT T2
SERBANFXRVHERA Y TuEVEEZATLE BT Y 2 T s Il O SUG E
fTL, BHO MU 7Y —)b Twa-Tza DS HFEE OISR T Bz,

R? NCS (1.5 eq.) R2
N BF3-OEt, (3.0 eq.) N
N™ "R? > N
)I MeCN, reflux, dark )L />—Me
Ph 15.5-22 h ph” N
6 7
Me
OPiv Me
//Me /J >/Me
N/N>—|\/| N-N NN
| N N-N | >—Me | )—Me
Ph | )—Me N Y
pn” N
7wa: 64% 7xa: 58% 7ya: 60% 7za: 53%

Scheme 40. Substrate scope of N,N-dialkylhydrazone.
BT, NN-VAFLE RTYV 6a ZHNT, = b YL EOEBIL R OB 1772

(Scheme 41), ZDFEF, H— T /VFVEERFE T VX HKE S OfEMKE= KNV LZT
T/, FHEBE= NI VERHWTHEXLT D MU 7 Y —/L Tab-Tai 35 5 vl
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Me NCS (1.5 eq.) Me
! BF3'OEt2 (30 eq) !

PhjIl N RSCTergﬂzL;X,hdark Ph ) N/>_R3
6a ' 7
Me Me Me NMe Me
N,N Me leN >_/—/ )N£ ) N-No Me
)\N Ph)\N/ P N e % !
Tab: 76% 7ac: 79% 7ad: 74% Tae: 82%
Me Me NMe Me
N/N N-N Nl’ />_© N-N
)\N Ph)l\N/>_<:> Ph)\N Ph)l\N/ C ]
7af: 74% 7a9: 72% 7ah: 89% 7ai: 64%

Scheme 41. Substrate scope of nitriles.

—h T, M Zma7t b= I VERAWESESITZENO N 7Y —L Taj 3G o,
t K7 K54 035541072 (Scheme 42), Z OfERIX. MU Z mr XA F LI G8EVVE K5
£, M) 77 b= M AOREEMET LTS Z ERREKRTHD EEZT
Wh,

Me NCS (1.5 eq.) Me
N BF;+OEt, (3.0 eq.) N
N~ "Me )J\ N NI >—CCI
)I CCI5CN, reflux, dark Me N/ 3
Ph 22 h Ph
6a 54: 37% 7aj: ND

Scheme 42. Formal [3+2]-cycloaddition of N,N-dimethylhydrazone 6a with trichloroacetonitrile.

BBIZ, 7T LA —LARBEON N 7V — VDB REIEZEH %2 1T > 7= (Scheme 43), F
T.TEr=RNIAFE NIV 6a WG E T LA —)VTITH &, MU TV —
JLD3 993 mg, 80% DR TR LI (K1), 7T LA —/L T Taa DEIHRIETHE LI
D2 EDE RISIEEREREWN RN 7Y — L ARIETH D, H VT, U TV —/L Taa
n-TTFNY)TF LTS L2 LT, SMDOATFNAVEEZY FAHL LK, XUXT AT
b REEESED E, Ta— 10 BEL (R2), £/2, B/ N7 U7 A3 L OV PIDA
((diacetoxyiodo)benzene: LL T PIDA &HET) fF/E . U7 V' —/L 7ah %ﬁ'ﬁﬁ?—ﬂﬂ(m@??ﬁ:
BEERMEAT 52 & T, MY T Y —VBREZEME S LAV M C-H BREF LRSI
V. FUTERRUMLSREE YT Y = 1 LI,
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Me NCS (1.5 eq.) Me
! BF,+OEt, (3.0 eq.)

N N
N~ “Me - N (1)
)I MeCN, reflux, dark | />—Me
Ph 19 h ph” N
6a 80% 7aa
109 993 mg
Me Me
N/,\j 1) n-BuLi (1.5 eq.), THF, rt, 1.0 h N-N 2
5 -
)I\N/>_'V'e 2) PACHO (1.5 eq.), 2.5 h Ph)l\N/>_>*Ph
Ph 57% HG
7aa 10
Me
Me Pd(OAc), (10 mol%) _N
_N PIDA (10 eq.) Aco N
N 7 (3)
| )—Ph AcOH/Ac,0, 110 °C N
ph” N 2.0h AcO
7ah 54% 6]

Ac
1

Scheme 43. Scale-up synthesis and product transformations.

PlED X iz, FFIX NN-UT V¥ e 7Y b= AOERB[BR2]-F BRI K
JEIZ KD N-TAFN-124- 8T =V EREZRE Lz, AFEX B FZY DA 3
JIRFBORBMEEZFH L CAREERE RTZY /A vr7ul) ReRPTHETLZLizL,
WERDERIETIIARKNECTH T ERIET (N) BT AIAVEEETDL NI T Y —b
DRFHILEENFRETH D, o, RBURILY 7 DA — VARG AlRgR Y 7Y —b
DI ERIETH D720, S % ORIBEIIE~DISHP IR S5,
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W2 op-Affit KT U DT o b AbEEREN &5
BT — LAk

AIETEHEEIL. NN-UT XL RTIV DA 3 ) REOREMEZFMHA LT, =L
& OB INBRACEOSIC L D N U 7 — VA RREERRRE Lz, £ 2 TRIZ, 1 2
JIRFEEIZ C=CHEEZEANL, HERZIERE LTz o,p-RAafit K7V 2 3 OREMEE
R -—BREEEATOEERT O BROMAEHT 2 Z & 258 L7z (Scheme 44),
o,f- i K72 313, AR CHWEE RZ YV ERBRICA 2/ IRBEOREMEE
P TR T I VEENRLOIEHLFE TR E CNFEEB LV C=C AN 3-C) 7
HZ LT, BALTREBEAAIEIETED (C-D), OBz, A =2k HKIZXD ap-F~
fafne R 74 O B-7 I ATF UG (K1) R, BRBLON) ZFAT I %
AWz 76 O B-7 au b GN2)%® R ERMoENTW5D, EIYIFSEE Tk, op-AEafn
bt 7Y 78 & NCS &EDRISEMET LTeA, B mfb Sz 19 B LM X/
M7 uafbIiic 80 MEIFFICH DAL, MEERELZR LSS 2 ERRETH -T2 (K
3), P ZDOEHT, INFETITWESIN TS ap-Rafie K7V 3 LREBEFAIE DK
Sk, R TERT S 12-PT7 V13- D O T v b ALRISIZ L D B AL~ (& Ha
BRI, EHANICEERAT n BEEEASOH LI E A B,

® ®
RIE NN _R? RI_AUNEOR ET RILAQONOR| -HY RLP N.,-R?

R3 R3 EH R3 E R3
3 c D 4
Me O,N
O,N =N® Cl
Me N\ ,Me
\©\/\//N\ M - N 1
N DMF, rt Me .. Me M
Me 78% N
Me *HCI
74 75
MeWN\N Me Cly, Et3N MGWN\N,Me
| |
Me CH,CI,, 0 °C cl Me (2)
76 60% 77

Me MeCN, rt, 21 h Cl Me Cl Me
78 79: 22% 80: 23%

Scheme 44. Electrophilic substitution of a,B-unsaturated hydrazones at the B-position.

— . 12- T VN3V NI EGERBZAAT O REBERICEHTH L Z ER LTS, P
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Scheme 45 |2 1,2-V7 ¥-13-V 2 AW HERAT 0 ZBEMRIEDOH Z7R"d, Prati HIE
1,2- 7 P-13-Vxr 81 1T 57 I 0D 1AM S. fEERIGEE L OBRLES & <
FEBCSINZ LA IZY =L 82 oD Z e a2HELTND (1), B9 KRIST
E, 12-P 7 H-13-P 81 ZREAHNE L THONTAILA Y=L EAKLTND, £
72 Sommer IX, 1,2-U 7 V-13-V2 83 VT )N —T )L FkAIRT IV L 84 & R
SELHE, TETERREYXIY U 8 BELNDL I LEHEL TS (R 2), 39 KKIG
I, 12-U 7 Y-13-0U 2 83 Ao b LW - EER Diels-Alder ]S TH D, =
DEIT, 12-PT V13-V NE, kA RO CEERA~T e BRAMET L2 LN T
LR RIEAMRETH D, — I, 12-U T P-13-V NI T OE WIS ED 0 O
BRI EIZE > TRENM LTS DDOHBHBERIRETH D Z LD ZOBOMIEITR
R EIR ETH o1,

1) R*NH,, MeCN, rt s R
O 2 )
e 2) R°CHO A
N _ N
Rlo,c N MRS o e~ o
R2 3) MW, 150 °C R10,C
R2
81 82
2N
N. .CO,Me 1 CO,Me
MeOCT N WR‘ - N @)
Et,0, rt N
Me -- 20 MeO,C™
83 84 Me
85

Scheme 45. Synthesis of N-heterocyclic compounds from 1,2-diaza-1,3-dienes.

LV ZORHARESEDTI2D, TETIE, ST DA SR BT 1,2-07 #-1,3-¥
TR L ERROSIC & DB ERAT n BRIEGUED RIS IRICITT LTV %,

X OH
3 3
(a) RZJ\«’&N\N’R base acid RZJ\«’&N\N/R (b)

H H

R R

Ny, .R3

86 re Mo 88

oxidation R pyrolysis o 33

| / 87

Scheme 46. Strategies for in situ generation of 1,2-diaza-1,3-dienes.
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BT &z 1,2-U 7 W-1,3-P = 87 O in situ & %1%E% Scheme 46 (2”9, a-~o b K
7 86 DRI X D Wi~ 7 AbKFEROE (a) #34) LHg-b FeFi e FT7 Vv
88 DEAAVERIZ X B Bi/AKEUE (b)), 3 b RF ' 89 OERLHIBKSZLEIE (K ¢) 3 mis
FO25-U Ru-123-F 707 V=L 1,1-VA X2 K90 DEG MR (2K d)>* 72 EiE &
NTW5, ZOFTH, a2t RT7V 2 86 W FETERSMTEITT 5700, &
%< DEBHBA~T OROBE~LERSATWS, —F, KaBLOKXbOFETIT. b
LU arrElziie Rex KO ARNLETHDL, £, N BLOKX d OFE
TIEEIREEDRLETH D Z E0n, X0 HHARFED SIRMRSEMT 1,2-07 H-1,3-V
T RS S HikIE, EERFAREO S TH D,

T TEHRIL, 12-U TV 3- U E Rkt TR T 5700 FkE E LT, ap-f
fafie N7V U ORIGHEIZEHR L7z, L L., Scheme44 IZ/RL7Z X 91, ap-Rfafie K
TV 3 EREFAIOKIGTEL DA, 12-U T 13-V D O v b ALBNES
IZHEAT L, LR ap-REfie KTV 4 ~EBBEND 720, GEFAT OBREE~D
ICHIZREECH S &L PRI, 20X RN LEZIX, op-Rafit K7V o7
M ARIZEER Lz, T72bb, pArcr e M AL EITTIUEEN D 12-0 7 P-1,3-V =
D AL, A /RFETT 1 MALPEITTIIET T E=0 L B BRAEKT 525, BT
7u b ALES D Z L TRIEIC a-Rfiafie K7V 3~ FHAEIND (Scheme4d?), =
XD R 2RI OGS 2R T& L 12-P 7 9-13-V =0 D 2 G EFE~T 0 BEOHE
WIS TE 5 LB 272, F72 Scheme 45 Tk 7= L 512, R TEKT S D ILEmVRET
HEALTNDTED, b —0F0 ap-Aafit R7 > 3725 DITx L CREA & LTl
ST EaMFF LT, T7bb, A I/ REMVREAE LTEHTIX, ap-Riafie K7V 0
TRACBUSIC E 0 FREA R 2R CHBRKSAEIT L ET Y=L 2 3 G b5 E B X T,

R! N.® R2 +H R! B N. _R2 +H R! B N.® R?2
\/§K.W — N ——— WK\V\N
HH R3 —H® R3 _H@) H H R3
B 3 D

RTB_x N R2 R! R3 _
R A — | — .
H H R HH N, RS R

D . H 12

Scheme 47. Condensation of a,B-unsaturated hydrazones.
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VI YL, BEREREECEAT DS BREERT o EFRTHY | HeREEK
A CREICHEEN TV L EEREHR TH L, I, HUKEEEIE TH 5 Apixaban®, Hi

AFI T % Ibrutinib 3 3 X OFUFERIFI TdH 5 Teneligliptin *? 72 LT HENTWD
(Figure 4), F£70. BIESOWEMMEI 2 EICHEZ<EENTEY, ool TEAINT
W5, W

Apixaban Ibrutinib Teneligliptin
anticoagulant anticancer drug antidiabetic drug

Figure 4. Pharmaceutical compounds containing pyrazole ring.

INETICE T Y =V OERIIHOWTHRA RFIENPHE SN TE 72, £ THREN
e T — VG %Z Scheme48 (2T, d <D 1,3-F LR = ALE R E DA
L RI VU EHWEREE RSN B TWD, ]z X, Habraken & Moore 1%, BEIMES:
FCT7xz=ATE MFEKQL E AT LE KTV (Blb) ZfiASE5 2T BT Y —
NRBIOVBEZERTEDLZLEREL WD (1), ¥ F7= Kira 5%, I AN
V' 94 & Vilsmeier BIEDKRNZ LD 4RI NE TV —)L 95 OERRIEZHE LT\ 5D

0]
/\HJ\ . H,N. _Me H2804aq N,Me \Sv_fN,Me 0
EtO” ™ Me :—(
EtOH reflux

N
H
Ph
91 51b 92@9% (15%)
Cl Me
0 '® o
—N® CI N
Ph__N. ] Ph_ "
¥ NJ\NHZ Me - - NH (2)
Me N DMF, 60-70°C | /"]
85% =
94 95
0O ® NO 2 Z °NH
mMs—=+ + N A + §;< (3)
Y Et,O, rt
OHC  TMS TMS CHO
96 97 98 (28%) 99 (72%)

Scheme 48. Known methods for the synthesis of pyrazoles.
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(X 2), 9 X512 Guillerm HiX, 7% 96 LTV AKX 2 (97) DO[3+2]-FINBR LG
IZE DTy = EREERE LTS (KX 3), ¥ ZhbDOEIEIT, BIETHAIZENE
WZEBWTHWOBNTWSFETHD, L, R1IBIOKXIOFETIE, 13-V A=
JNEEMB LT Vv v EOBEBILIC L > TE, BAHOE TV — L7121 T A SR
MAEIRFCEIAET S Z ER3b 5, —J, K2 OFIETIE, Vilsmeier i3 I3KIZx L TREE
THY., IHICZOFRBICEFHEIEDRNA T UHEAY V2RV MEND D=8, BB,
LR LORER~DRENREIND, ZDD, BHOE T — VLRt dEr
FAWTALERIRMIC AR TE 5 FEOBRIL, BELRBEH IR TWA,

ZOXH RN L. EFIT op- R KT Y U OEENSSRELEERIA L 12-7
TH-N3-VECOERERBET HE T — L ERRIEDRIIZET Lz, a,p-FRafie K7
YDA IRFBB IO B-RFEOSIGEDOE EEIRE L C, B 1 EE 3 EHE 1 H TR
Vicario H DA 30 25E2, BAICETRLIEEZAG L, S OICEFRR T LICE It A%
95 ap-Rafie R7 Vo288 L UTHRAMIGZ R L= (Scheme 49),

Contributes to cation stabilization

4
Ewc) A~ N (EDG] EWG A _ND EDG EWG. N EDG

ﬁﬁ H ® H © H

Contributes to anion stabilization

Scheme 49. Strategy for substrate design.
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5 1HET RIS RBE L O

T, HEEE D ap-Fafit K7V 0 13a DEMEIToTo, TR OFHEESE
12, THHRD (2E)-4-ox0-2-butenoic acid ethyl ester (100) & 4-AX h ¥ 7 =)Lt N7 VUM
FRE (101a) # =% ) — L FElET R U U LAE TG SE 5 2 & T ERD oB-Afaf
bt N7 Y 13a ZH L7 (Scheme 50),

OMe OMe
+

H *HCI 20h H
100 101a 97% 13a

Scheme 50. Preparation of o,B-unsaturated hydrazone 13a.

WIZ, aB-REfie K7 13a Z HWCRig & RS Z Bt L7 (Table6), £7°. a,p-Afid
fle RV 13a %7 & b= MU LY, Y 704 aliig 3.0 Y&) COET 5 &,
B Y 4D 13a RS LT BT Y — 1 14a 5 23%DILR T S 7~ (entry 1), IRIZ.
14a DR DE EA2 B E LT, B4 72 Bransted fig & FV TG L 7= (entries 2-7), % O
2. pKa7 8.5-10.3 @ Bransted it T HHAL/KFE, p- MLVZ U AR BB LA & AL
U AW EIC B 72IEET 14a 3G 57z (entries 2, 6 and 7), —5. L 0 5ROER
THHMBERLI VIV TH LY 7 ==L ) VR X OFEE 2 W 723581 B O R
BFoehnoTz (entries 3-5), LLEDFERIG ., A X U ANVKR VBRI HIENIIC 14a & 5
ZHZEDBHBMNERST,

Table 6. The effects of Brensted acids for the pyrazole synthesis.

/©/OM9 B d acid (3.0 eq.) N /@/OMG
rgnsted aci .0 eq. N
> EtO.C—/ * N
EtOzC\/\//N\N MeCN, reflux, time \/}/

H EtO,C
13a 14a
entry Bronsted acid pK, in MeCN time yield (%)
1 CF4CO,H 12.7 412) 2h 23
2 HCI 10.3 41b) 30 min 51
3 H,SO, 7.6 410) 30 min 28
4 (PhO),PO,H 13.0 419 30 min 39
5 AcOH 23.5 410) 5h NR
6 p-TsOH 8.5 410) 30 min 50
7 MsOH 9.97 41b) 45 min 62
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FEWNT, 3.0 YED A Z U ANVRUBRIAET, 78 b= MU VHER TCORISEZREF LT
LA, RISKHOIERIZA LD S DD, 1d4a DI 71%E TH = L7z (Table 7, entry
1), WIT, HiR F CARKIEDEBDFIZ O TR Lz, ZORER, R chHsr7 7
bt Fe7 7 AW GE TIRRISEENES . FRMEEETH L7 mm A2 R0 hL
T WG B ITITHAERE CARUSATER L, 7 e A2 2 WG ITRD
RO ONNETT D Z ERHB N E 7o 72 (entries 2-4), S BT, A X AR UFRD
VEHAZ 30 HEND 20 YEIIEO T LUEAM EL, 1.0 MEETHL LIEHETHR
I 7200 R C 14a 235 H 7= (entries 5and 6), = Z T, entry 5 B X Wentry 6 % 45 & |
AL ANVIR RO G B L THIROE TIXb TN Th o772, LBEOKE T
BRETH ~DR A EZE LT, entry 6 D5M% iz,

Table 7. The effects of solvents and amounts of MsOH for the pyrazole synthesis.

OMe \ OMe
Ji:r MSOH (€9) oo~
EtOzCWN\N solvent, rt, time \/j:/

H EtO,C
13a 14a
entry MsOH (eq.) solvent time yield (%)

1 3.0 MeCN 20 h 71
2 3.0 THF 5h 22
3 3.0 toluene 30 min 49
4 3.0 CH,Cl, 1h 74
5 2.0 CH,Cl, 1h 92
6 1.0 CH,Cl, 1h 84

WIS, AP0 M2 iZRT 2 BT, 13a 2 VW HEMARIGE 7 T DA —)LT
iT>72 (Scheme 51), ZDFER, HTFOIEDIK FIZH L H DD, ©F Y —/1 14a * 455 mg,
63% DR THELNTEZ &0 D, ARIGITERENRENE T Y —LARIETHDL EEXT
AV

OMe N OMe
/©/ MsOH (1.0 eq.) Et0,C— /¢ N
Etozc\/\//N\N CH2C|2, rt, 10 h \/}/

H 63% EtO,C
13a 14a
1049 455 mg

Scheme 51. Scale-up synthesis of pyrazole 14a.

PLEDOFERNS, P 7ma A X2 REE T, 1.0 YED A X 0 A)LR A WD &0
BOLBWHEREZEZ D Z EDNHLNE o T,
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i

NS
A,

H2E U D E S

i

SIS DHEE BN FERE 2 Scheme 52 1283, £9, op-FEFE K7 Y 2 13a D B LA A
B UANIRRIZE > TCTa bAbE R, 12-PT7H-13-V = Ta BNEKT S, KIZ, 1a
WXL T, b9 —FD ap-ARafit KT 13a DA 2/ [RFED Ia D 4 (ITREHE L
Tt JaDfi 7o AL EITTHZ L TR-UA v Ka WEKRT 5, il T, Ka DBk
FISDHEITT D52 T8I U v Latleolzth 4-A ¥ 7 2=)bk KT UV OB
JEEPE D BFEBACSSIZED . MaZRELTET Y — /L da BN EBE TS,

EtOszN !F\l _Ar

B 13 "
a
EtO,C._~ H’?N\\@,Ar
MsOH ® ('”
s J
EtOzC\B/\h//N!?\l,Ar EtOQC%\/ N\N,Ar EtO,C |
o " H " A N
H  13a la Ja A
"
EtO,C N. _Ar
@ ’ / ” @ /N\ /Ar
+H EtO,C +H EtO,C—/ CN
- . e - . 5
® H H[\lj\ ® EtO,C H,N—NH
H ®NH  H L © Ar
Ka Ar La
N ® N.
Et0,C /¢ N-A Et0,C /¢ N-A OMe
/| __
— Ar =
N Et0,C—( H Et0,C \(©/
AFNHNHZ H H
Ma | 14a

Scheme 52. Proposed reaction pathway.

WIZ, RIS DFERNZ DOV TLLF DB 53 1 TREL < FBHBT 2,
1. op-REgfIe K7V 13a D B-7' 1 b U ALKSEDORER (13a—la)
2. " BALBUSORERR (la—Ja)
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1. af-REFiE R7 2 13a D B-7F 1 b AL DOHER

AR AR BRI E DT 0 R AL BALTHITL CVD Z &2 MERT 2 BT, BEAK
FALSOLZ R L7z (Scheme 53), 7235, BA X U ANARUBITTHRSNATE LT, L
TCEHA L ANVRARIT, EOEKRFRIZEEN B TZNDTD, BAX L ANVKREED
RV IZH(LEAKE (DC) ZHWTHRFTL22 & & Lz, ap-RiEfie K72 13a 2 &
vruaua R UoRERT, ECEKETLETS L BEARLINTZE T Y —L dad B
33%DIER TS 4L, 'THNMR A7 b ZDEKFCRIT 2% TH-72 (K1), 22
T, HAFET Y= da-d 137 F—= /) — VEERMEIZLY ET Y —)L 14a I BARK
LB B2 6D, TITRIZ, 7Y =L da ZEY7un A X FsEET,
{fbE/AKFE (DCl) TUELL7= & 2 A, BARFBILE T Y —/b 14a-d 1T2<ELNT, 14a H3[AE]
Wahni (K 2), LEOFERNS, 7Y =)L 14a (38T YV —VEBRIELEOFIZ T v F1b
DETLTHWDZ ERHALNE R oTz, DD, 13a D B-7 1 h ALEIGNIZE D 1,2-0 7T
Po13-VEr TaBPAERLEEZIC, BT =0 1da NAERLTND 2 EDURIR STz,

om /[:iY/OMe

e N.

Q DCI (5.0 eq.) Et0,C~ /¢ N

EtOZC\/\//N\N CD,Cly, 1t, 1.0 h (1)

EtO,C
H 33% 2 .
13a 14a-d (72% D)
/[::Y/OMe /[:iY/OMe

N. N.
Et0,C—/ ¢ N DCI (5.0 eq.) EtO,C—/ ¢ N

— > — 2

EtOZC CD2C|2, rt, 1.0h EtOZC ( )
H no reaction D
14a 14a-d

Scheme 53. Deuteration reaction for the pyrazole synthesis.

2. _EAVSUCDER

k_\xﬁm B DHEURDFEEMRT 5720, ap-Rfafit K7V 13a Dy 7 1
0 A Y R AL AVIR R TCHER L, 10 20 O SSIETIRD ESI I L DB BN &
1T>7= (Scheme 54), ZD#ER, 2FEDyFA 4 B —2 m/z 497.2382 35 X1 m/z 359.1594
DR SNz, DT AT E—7 m/z 4972382 1%, 7TV {bAEW Ja, ¥4 I Ka BL O
FZY VU LalliliS T 5, Fl-. DT A A E—2 m/z359.1594 (FE 7 V' —/L 14a [ZFH4 T
Lo ZOFERMNS, ap-REEFIE KTV 13a O "B L7 A Ja, Ka £721% La 2%%
LT, 7Y=L MdaDBERLTNDZ PRI,
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oM
/©/ ® MsOH (1.0 eq.)
Et0,C N.
26Ny CH.,Cl,, rt

— miz = 359.1594 (M + H*) —

N,
Et0,C /¢ N-Af

EtO,C
H

14a

H 10 min

13a
m/z = 497.2382 (M + H* )
EtO,C o~ Nay AT EtO,C N
EtO,C EtOzC EtO,C—/ Ay
|
EtO,C —NH
H N\I\IIH , 2
Ar Ar
Ja Ka La
+

Scheme 54. Detection of intermediate in the reaction mixture by ESI-HRMS.
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5 3 H HREE R B9 5 AT

WIZ, FEFIIMEE IS X D 8T ) — VAR D HE 1 N
PICBI L O 21T - 72, 35 2 5650 3 % 1 L CId - o Y /N\N/@
S > 2 g g
flie K7 Y OB A KISCBIT 2 X B U EOBE#KE Jjﬁ ‘R

RY) 2N TR LT, Et0,C

F1H HOMAEUSNIBT 2B U EoESIE RY) O

F9, BELERD op-REfie K7 V2 13b-13i O ETT > 7= (Table 8), Hifig+ kU
7 LMFAE T, (2E)-4-ox0-2-butenoic acid ethyl ester (100) & xfitd 257 U —/L b N7 U R
H101b-101i 2 =% 7 — | BiAKMEET 52 LIk ap-Rafit K72 13b-13i KR
HRIGER TR LN, 2B F bz ap-Rafit K7V U OBMEMEIETH—-THY
ERE CTHDLZ EE2MHRLTND,

Table 8. Preparation of a,-unsaturated hydrazones 13b-13i.

| A AcONa | N
EtO2C 0 + HoNL (X *HCl ———— BtO2C AN X
R

EtOH, rt
H 1.0h H R
100 101b-101i 13b-13i
entry hydrazine R hydrazone yield (%)
1 101b 4-Me 13b 64
2 101c 4-t-Bu 13¢c 65
3 101d 4-F 13d 77
4 101e 4-Cl 13e 70
5 101f 4-Br 13f 72
6 101g H 13g 82
7 101h 4-CN 13h 72
8 101i 2-OMe 13i 78

Wiz, B LT ap-Rafit R 2 13b-13i & V7= G & fiet L7z (Scheme 55), X
VB UVBR EDORTANC A FIVEESR tert-7 FNIEHT D ap-Aafie K70 13b BL O
13c 25 & WIfrl@ 0 BUSSEIT L, BAFRIGETE 7Y —/L 14b B8 XY 14c 735
Nl Flo, XUBVRECTAVABE, ZunEXBlO0neE42A75 of-Rifit
RZ 0 13d-13f Z VT, BAFRIRTE T Y — /L 14d-14F NG DT, —F5, MEEH
D7 2=V 427 ) 7 2=V EBEO 22X XU T 2= VAR TS apf-Rfafie N
TV ERAWEEAICIE. BT YL 14g-141 IHBRIER T LS SRR - T2,
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N
X /
| MsOH (1.0 eq.) PAN /O
Et N. /O EtO,C—/ NN\
O2C Ny \1 CH,Cl,, rt — \R1
H R 1.0-4.0 h EtO,C
13b-13i 14b-14i

N /®/0Me /®/Me /Q/t-Bu
. N. N.
EtOzC\/j/_/N EtOzC\/j/_/N Etozc\/j/_/N

EtO,C EtO,C EtO,C
14a: 84% 14b: 63% 14c: 83%

" /®/F N /®/CI N /®/Br
EtOzC\/j:/N EtOZC\/j:/N EtOzC\/j:/N

EtO,C EtO,C EtO,C
14d: 81% 14e: 68% 14f: 80%
CN
N, N, N,
EtOzc\/j/_/N EtOzc\/j/_/N EtOzC\/j/_/N
Et0,C Et0,C N Et0,C b)'\"eo
14g: 30% 14h: 27% 14i: 23%

a) Reaction time was 18 h. b) Reaction time was 72 h.

Scheme 55. Substituent effects on the benzene ring for the self-condensation.

RUB VB EONRNTAINCE TG EEZET D ap-Aafit K7V 13a-13c 1%, MEfE
D7 == NVEBIONEFREEZHT S ap-fafit K7 1398 LWV 13h &bl LT,
BHRINERCTHNOE T ) — Va2, ZOHHZLTOXIICER L,

RIS HEITT H72DI21E, HEBER 1IPB LN IPOFENEETHDL EEZLLND
(Scheme 56), 772> H 1335 2 B 2 i O MU DA X/ IRFBOREFINKE (la—Ja)
2, 137135 2 B8 2 HioKSRED B-7' 1 kU AbRIG (13a—la) ([ZE N5 LT
HEZBZDBND, EDTH, ZLOHBEEDTFERHEKTHI1TE, 4 I/ RFEBIV
B-IRFEDETHEENHRK L, SN ETLLT < RdEEXLND,

X X X
; $ 1) $
Et02C\/\//N\N/Q - EtOzc\/\@/N\\ﬁ ,\R - EtOzc\g/\/N\\ﬁ /\R
H H H
13 13 13"

Scheme 56. Conjugation of a,B-unsaturated hydrazones.

NRUBUVEBREONRIMIZA FXTVE, ATFNVEBLD tert-7 FLVEEHT D o,B-RAZFN
b K7 13a-13c1d, % 1 %55 3 Hi%E 1 HICHIE L7z Vicario H O & Rk, 73/
ZREOBTMGEN T =T L2 LZENL, B MNOTAT VNIRRT =4 v B HE
b 2720 WIBHER 13 B L 13O T HERER L T D LIRESh D, TDT=, 13a-
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13c DA 2 IRFBB L B-IRFOBFBEENENRKT D720, -7 1 b ALK (13-1) B
KX 9 157D 13a-13c 2 L DA 2/ IRFEOREMINETS (1-3) DT LT < 2o 72
fES. lda-l4c MEAFRINEE TR LN B X BiLb (Scheme 57), 7245, Brown @ o i 3V
WZEDE, AR ATFNVEB LW tert-7 FVEED o, (HIZZ1E41-0.268,-0.170 35 &
U-0.197 TH D, LML, opfliD7ELINROEITHEBRITIH X VRO NS, ThT
DR DA Z AT 2 DIINEETH 5,

/@/ MsOH E10,C—/ /®/
> 2
EtOZC\/\Q N / EDG = OMe, Me, t-Bu \/}/

EtO,C

H 13a- 13c 14a-14c

) | i -

EDG
EDG EtO,C._~ N\®/©/
o /©/ 13a-13¢ 2 N
EtO,C o Ns > EtO,C EDG
W ” fast 2 |
H H N\N

la-lc Ja-Jc H

Scheme 57. Self-condensation of a,B-unsaturated hydrazones bearing electron-donating groups.

WIZ, BEEDO T 2=V 427 ) 7 2=V EBIN 2-A M v 7 o=V EHTD
ap-Rfafie K72 13g-13i OFERIZOWVWTHEL L7-, Scheme 57 D&% 4 &2, 13g-
13i TIHENRIBIR T L72DiE, 13a LB L TT IV EROBEFEENMETLTWD
ZENERTHLEMEE L, 13h (IR U EOARTIICE TR ETHDL LT K
EETDHED, T ) EZOEEEOKRFIIESICHII TS, 22 T3y BLV13IiD
LRI HOWTELRT 5720, ap-Rafie K7 V2 13a, 13g B L O 13i OZ N EHUTHbe
T57 =V VO EED pK, % Figure 5 (IR LTz, p-7 =3 ¥ 0 O IAEFED pK, 1% 5.29 T
HHDITH L, 0-T =P rBIOT =V L OREEED pKZTNLTN 449 B L1V 4.58 T
HDHZERHMBENTWD, D 2O LD, 0-T =3V p-7T =V P 10 HIEEMERN
Fi<, o-7 =V rBIOT =V 07 ) ERITETEENRARETH D Z ENRES
Nlee LIEDoT, EEO 7 = = VHEB IR 2-A bF 7 2= VT4 A X T 2=
NIEEHBLTT I )V ERZA~OEFRGEMETLTNDSEEZTND

OMe MeO
o T J) o]
HsN HsN H3N
p-anisidine o-anisidine aniline
pKy = 5.29 pK, = 4.49 pK, = 4.58

Figure 5. The pK, values of conjugate acid of various aniline derivatives in 1,4-dioxane.
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/ké 13g-13i # W2 HAIT B T YV — )L 14g-14i DULRPME T L 722K D & %2 % Scheme

_ikﬁtoﬁl_mbtiou\%ﬂb ZHIRT 2 LI E R 1373 KUY 137 fthic
%ma®£5Kg7i/%$ﬂ%Nyfy%~®$%15&;@1ngm@i5&ﬁ%%
BEORENFHET D EEZOND, TOD, 13BLW 13°OHFS N LR, p-7
0 ARSI L D 1,2-0 7 -13-U = Ig-li &Rk, BLOH 9 140+ 0 13g-13i (12 &
HA X IRBOREMAMIENES Tl lgolobBZTnW5bH, ZORE, fcTHE7
V=)L 14g-14i DWENME T LIZEBEDO L ZABLE LTS (K 2),

N
b a |
Et02c\/\f>/N f?\lf‘ /\/
H R

13g-13i
a8/ R=Hor4-CNor2-OMe \P 0
L 13 13
Et0,C A N-OAX Et0,C A Ne ALY = Et0,C NN A

H R C) H R © H R
1029-102i 13"-13'i 13"g-13"]
| N _MsOH o o ——, 14g-14i (2
EtO,C. A~ _N X Slow EtOZCW/\/N\\N % — g-14i )
H H
13g-13i Ig-li

Scheme 58. Self-condensation of o,B-unsaturated hydrazones bearing a cyano group or without a

substituent on the benzene ring.

72 18I WA, AN MIDO A XU EOSREEIC LY . PEE Ki OB bRS
NEG T lpo=2 b 14 ONEMETFT LEEERNO—DTHD EHEDLE ZAEZT
W5,

EtO,C = N\N
MsOH EtO,C H OMe
EtOZC\/\//N\N [ — l® \ T—= . 14i

H slow HN NH slow

. OMe
13i OMe

Ki

Scheme 59. Self-condensation of o,-unsaturated hydrazone bearing 2-methoxyphenyl group.

W, a7 OBEBIENFICONWTELE LT, Brown Do faV kB e, /oo ftl
TaEID 6, fHIFTH 023 THY, 74D 6, i 0.06 TH D, clliNHEZD L,
N ATFTHVVEREIFEE LT 2O T Y —VOENMETT5 2 EREEIND
M, FEFRZIT B2 EET 14d-14f B35 TER Y | o 5 & MEROMBIRRAFED Hiv T
RN, EDTS, ~Na U IEORKIGE~DOREBIRHATH S,
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92 B 2 OMGREDOELRICBWT, 1,2-P 7 H-13-V = T L ORISR 5
op-Ffie K7 ACEET A EL A X IRFELED C=C #EEITRISIZEE L TnRnz
LRSI VT, & ZCOARE T, AE A O RE B E LT, 1 2/ RFE RITC=C
EAE LRV E RTZ YU E apf-Rafie K7V EORERAERINNI LD E TV — e
B & Fiat L7c (Scheme 60), 7R ARIHTIX, REKET L NIV % NP — REKEL
ZF D ap- R KTV U ET IR T H—EERRT D,

N ~ Lo b CH20I2 T - "R3,‘
H R (RS R t o RID,C RS
donor acceptor

OMe N\
A PN ! 2\ /
RN L J . ‘R*D,C N. /©/ MsOH R \
N NS /\ . EA W N

Scheme 60. Cross-condensation of hydrazone with o,B-unsaturated hydrazones.

ET A IKRICATFNVZATVERATHE KTV 15a-15h Z Gk L 72 (Table 9),
AL ) —)VHEERRT R U U AFTE T C, 2-hydroxy-2-methoxyacetic acid methyl ester (103) &
iz D7V —/ b 7Y 101a-101g, 101i Z#Fi6 3¢5 2 & Tk KZ Y2 15a-15h
& 36-95%@1'&%3"(‘/5\52 L/7LCD

Table 9. Preparation of hydrazone donors 15a-15h.

MeOZCYOMe . | N HCl AcONa | A
OH HzN\” /\R MeOH, rt Meozc\éN\u /\R
103 101a-101g, 101i 15a-15h
entry hydrazine R hydrazone time (h) yield (%)
1 101a 4-OMe 15a 2.0 95
2 101b 4-Me 15b 1.5 74
3 101c 4-t-Bu 15¢ 1.0 67
4 101d 4-F 15d 0.5 57
5 101e 4-Cl 15e 0.5 36
6 101f 4-Br 15f 1.0 59
7 101g H 159 1.5 50
8 101i 2-OMe 15h 2.0 59

BFEWT, AL7ce R7 Y 15a & ap-Rfafit RV 183a ZHWT, ¥/ A ¥
AL AR W (1.0 M &) AR T CAEMG UG & it L7z (Table10), 1.0 X & D
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KJ—16a Z W TR ZIT 9 &, WiFR@ Y 15a & 13a R EME L7287 Y — /L 16ja 3
AT% DU T B AV A3 [FIFFIZ 13a O H O 61K 14a b 33%DILERTH: L7z (entry 1),
WIZ, REMAZIEHET 5729 15a & 2.0 YEICHE L TRET L2 L 2 A, 14a ORI
LI TH Y 16ja DR KIFIZH _E L7 (entry 2),

Table 10. Cross-condensation of hydrazone 15a with o,-unsaturated hydrazone 13a.

OMe
MBOZ
MeOZC\éN\N j_/

H
MsOH (1.0eq.) EtO-C

donor: 15a 161a
+ CH,Cly, rt
OMe /Q/
EtOZCWN\N/Q/ EtOZC\/}/_/
H EtO,C
acceptor: 13a
t 15a (eq.) time (h) yield (%)
en a (eq. ime S OEEE—
i a 16ja 14a
1 1.0 3.0 47 33
2 2.0 2.0 78 trace

5T, 14a DEREFZRITIEIT 720, 77872 —13a D7 I ) EHFE 2 AF /L
72 13) Z W TR MG 2 et LTz, 7235, 18] 1L 13a #KFE T MU U LFE/E N TN-2F
LT D Z LTk VAR L7 (Scheme 61),

OMe OMe
/©/ NaH, Mel
~ EtO,C N.
EtO,C Ny THF, 0 °C to reflux PN

H 1.5h Me
13a 41% 13

Scheme 61. Preparation of N-methyl o,p-unsaturated hydrazone 13j.

Wiz, FF—15a LA LT=7 7 & 7% —13] 2 VT & EMEA 2 Miat L7z (Table 11),
13j 7&)( B AR TR (10 M &) 77E FC 16a (2.0 M &) &8 SE/E, 14a 04
BT SERITHIH] S 4L 16ja OABGF LI, RITH E 0V EI N0 -7 (entry 1), #i
WT AZ AR % 2.0 YERICHET 5 & IRITEEIC 16ja 7315 DALz (entry 2),
TN, AFCANVKRUBBOBEERIZEY 1,2-U 7 Y-1,3-U U OERMEE SRR T
HHEEZEZTND, EATREZ LT, ABUGIE 158 & 1.2 BEE THO L THEET
16ja NEHND Z ENHLNE 5T (entry3), LEDOKFT LY, 777 &% —13] & HW
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AR E A ROE, 12 Y BEDE RT Y RF—15 & 20 48D A X o Z VR U v
AR R D BUWRELZ 5252 E0NHALMNE 2o T,

Table 11. Cross-condensation of hydrazone 15a with a,-unsaturated hydrazone 13;j.

OMe
MeOZCWN\N/Q/
H OMe
donor: 15a MsOH . Meozcj/N_\/N

+ CH20|2, rt
OMe 40h EtO,C
Q 16ja
EtOszN\N
|
Me
acceptor: 13j
entry 15a (eq.) MsOH yield (%)
1 2.0 1.0 79
2 2.0 2.0 99
3 1.2 2.0 95

WIZ, T8 FE2—=13)] OT I ) EBHFELED 4-2 b X7 2= VIO VEM 2 HRT 5 H
T, 77872 —L LTNN-IYAFLE RTFYV U T8BLNRF—L LTk KTV 15a
AW TREMA KOG E L7z, %372 78 1% (2E)-4-oxo-2-butenoic acid ethyl ester (100)
ENN-UATF e R VU (59) 726ARCL7- (Scheme62, 1), 78 35 L 1N 15a %
AR IR BT L& 2 A, HIIDOE T Y —/L 16ja 2 62%DIRTE ST (2
2), 13] # WA LR U CEEME T LIz 2 0D, RSDEIHRMICHETT 5729
(I 4-A PR T 2= VENERETHL Z EBHLNE RS T,

HoN. .Me AcONa EtO,C N. .Me
Et02CWO + l?l *HClI . W 'Tl (1)
Me EtOH, rt, 50h Me
100 59 50% 78
OMe
) ZCW N OMe
H MsOH (2.0€d.)  peo.c_ N. /[:iy/
donor: 15a (2.0 eq.) 2>~ N (2)
CH,Cly, 1t, 2.0 h —
* 62% EtO,C
EtOZCWN\I\II’Me 16ja

Me
acceptor: 78

Scheme 62. Cross-condensation utilizing N,N-dimethyl o,p-unsaturated hydrazone 78.
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T, AR L7c RF—15b-15h & VW TR ZEMEA S 2 MiEt L72 (Scheme 63), ~ 8
VEREDONRINNZE G TH D A TFNNESC tert-7 FVHEH TS KT —15b I L M 15¢
ZHWEGE, mIGETE 7Y —/L 16jb B XN 16je GO, 7o, 7N A rilrm
nEBIONTrEEE AT HHEAICH, BT Y —/L 16jd-16§f 23 BAF7RIR TR L, K
(2, 52 B 3 IR | T H O A SUSIC B W TRINER Th o @, +72bb
HEEHO T 2 = VIR 2-A MU T 2= VAR TS R —15g BEL O 15h ZHW T, K
FOG afiat Uiz, ZORR, BROE T Y —/L 16jg 3 L OV 16jh 23 BAF 2R TH LTz,

| X
M902C\&N\N /\/
H R
donor; 15 (1.2 eq.) MsOH (2.0 eq.) MeO,C

+ OMe CH20|2, rt j_/
4.0-6.0 h EtO,C

|
Me
acceptor: 13j

Et0,C Et0,C Et0,C

16ja: 95% 16jb: 81% 16jc: 99%
MeO,C j_/ /®/ Meozj_/ /®/ MeO,C j_/ /®/
EtO,C EtO,C EtO,C
16jd: 85% 16]e: 87% 16jf: 69%
|V|902 }/ |V|902 y/N/Q
EtO,C EtO,C
16j9: 79% 16jh: 60%

Scheme 63. Substituent effects on the benzene ring of hydrazone donors for the cross-condensation.

T, MEOT 2= VAT D RS —15g BEXON 2-A M XV T 2= VAT D
R —15h OSSP DWW TEZ LT, %2%%3%’%1@:1&\1 13g 5 L0V 13i & H
WZIGAIT 14g B KO 141 DMECRICHE £ o 72 01%, HIREER 13Oz 102 %5 L C
WATEDIZA I IRFEB IO B-m%@ﬁﬁ&ﬁﬁ%&? L727ebThDH EEE LT (Scheme
64), —H 15g BL O 15h Tl A I/ RFICTZATADPEEHE L TWDHH, 13gB L

O 131 L L T2 AT VOB FREIMEDRBRBE, TV EBRZNOLDORXUEBUERADE
FHHIZE D104 DFHGRRED LT D EHEIND, ZHICLY ., 13g L DN3i & g
L CREAMIBGEAEIT LT 2o TVD Z E A, RIS EIT LZENTH D
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EZBZTND, Flo, AZVANVKRUVBEBE LI Z LIZED 12-U 7 F-13-U = DAL
PEE SN TND Z & bEMICAKEDEIT LT ERO—>ThbH EEZXTNDH, L»
L., E7 Y —/L16jh DYHEIT 16jg DEI & T 5 LIRS B E o7, 2T, A0 MDD
A N VEEDONAREEFIZL Y Scheme 59 OH A Ki (YT 5 HRIEKDEBRILEIC DA S
T 7eol2Z &3, 15g WA L U CIEEDME T LR O —>Th 5 L8
TEOLEZAEZTND,

L) I 1=
.
EtO,C A NGANE =7 BOC A N AN <—>Eto2c\/\/N:<’;> N | T 149, 14i
H R H R © H R
- 102g, 102i 13g, 13i 13'g, 13
R =H or 2-OMe

® - - ® - ——, 16jg, 16jh
MeO2C N.OANE =7 MeOC N A\ ¢ =7 MeOC. NSO X —> 16jg, 16j

H R H R © H R
- 104g, 104h 15g, 15h 15'g, 15'h

Scheme 64. Conjugation of a,B-unsaturated hydrazone 13g and hydrazone 15g.

WIZ, B F—oEHEMHEHAZ & OIZHERT 2 BT, EFRE T EOEBRILE 4-4 N
7= VEICEE L, A X RFE RICHRA REHREEZ L OV EVRERT O RTVV
EHWCREME RS ERR LT, £9. A% ) —VHkkx BRI E T 50 X7 v
7 & K 50a-50¢, 50e-50h, 50q, 50x, 50y & 4-A ¥ 7 =)Lk KT VUM (101a) Z#H
AEEDHZ LT, FBELERDE RT YU 15i-15r & 45-83% DINRTHRL L7= (Table 12),

Table 12. Preparation of hydrazone donors 15i-15r.

N OMe N OMe
R—- + *HCI - R
0 Ny MeOH, rt ANy

~ H H
50a-50c, 50e-50h 101a 15j-15r
50q, 50x, 50y
entry aldehyde R hydrazone time (h) yield (%)
1 50a H 15i 1.0 53
2 50c 4-OMe 15j 2.0 55
3 50b 4-Me 15k 2.0 60
4 50e 4-Cl 151 3.0 48
5 50f 4-Br 15m 3.0 45
6 509 4-CF3 15n 3.0 59
7 50h 4-NO, 150 2.0 83
8 50y 3-Cl 15p 2.0 49
9 50x 2-OH 15q 2.0 53
10 50q 2-Np 15r 3.0 81
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BT, Yr7maAX 13 BLOERK Lz R —15i 2 AW TR ZEMA UG & Et L
Tzo 7o, FF—0DA IV RFELOBEBBRIELZ AT ANEEFRICET L2 LI2LY,
FOSHEDME T LTV 5 Al EMEZNE 2 B 7272, Table 11 (IZBWTHMN LV &IET
BoNEEETHD 20 YEDO RFT—15i ZHWDHZ L L LT, 13 BIUISi A X A
VIR VEE (2.0 M) TUHETHE, HROE T Y —L 16ji 1T 31% & RICRICE £ - 72
(Table 13, entry 1), B 7' —/L 16ji DULFEOM LA HIEL T, A ¥ U AVKR UL 5.0 Y&
FCHET S & 16ji DILEEDN 83% F TH L L7 (entry 2), ZDOFERNE, LIBEOKRET
X504 BORAX L ANVKUBREANDZ &L LT,

Table 13. Effect of the amounts of methanesulfonic acid for the cross-condensation.

©\/ /©/0Me
/N\N
H

MsOH
donor: 15i (2.0 eq.) ° .
+ OMe CH2C|2, rt
EtOszN\N/©/
|
Me
acceptor: 13j
entry MsOH (eq.) time (h) yield (%)
1 2.0 3.0 31
2 5.0 2.0 83

WIZ, RUB VB EOBEBRIEIZ OV TR L7z (Table 14), 2B VB EO/RTALIZE
EHTHDH A PFUESCATFAEEZET D FF—15] BL W 15k W 7=854. TRE
DR TE TV —/1 16jj 3 LN 16jk 2345 HAL7- (entries 1and2), &KIT, 7 mu i H3 5
E RV 18 Z HWTRIGEAT D &, BAFRIEET 16§l 235 b/ (entry 3), — . 7
nEEAEAET S 15m 2 A0 HE TP EE OIER T 16jm 2353 L7z (entry 4), #il T,
BFRETHD NI IV FAa AFAEL= 247258 7Y 15n BL DV 150 &
HWie & Z A, GBIETE 7 Y —/L 16jn 8 LN 16jo 23453 H 417 (entries 5and 6), = 512,
377 2=V 2t Red o 7 oo VEBLO2-F 7 FVEEGTHE KTV 15p,
15q BL O 15r Z AW HEIC S, XIGT 5 EZ Y —)L 16jp, 16jq 35 LT 16jr 73 R4F72UY
KTHOLNT (entries 7-9), LA LD, AEIGDIRWEEE MR Sz,
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Table 14. Substituent effects on the benzene ring of hydrazone donors for the cross-condensation.

N OMe
RN
ZZ2a\|
H
MsOH (5.0 eq.)

donor: 15 (2.0 eq.) -

+ OMe CHZCIZ! rt
2.0-4.0 h
EtOszN\N

|
Me
acceptor: 13j

entry hydrazone R pyrazole yield (%)
1 15j 4-OMe 16jj 53
2 15k 4-Me 16jk 59
3 151 4-Cl 16jl 72
4 15m 4-Br 16jm 58
5 15n 4-CF, 16jn 75
6 150 4-NO, 16jo 99
7 15p 3-Cl 16jp 72
8 15q 2-OH 16jq 53
9 15r 2-Np 16jr 76

RF—15i Z 72356 & i L CLU1S) TICEME T L72B IR 2L T O L 9 IZEE LT,
% 1 #5255 3 %5 1 18 Scheme 35 I[ZATR L7 KT V2 6e 8L 6d & RIBEIZ, ARG DM
B HIERE R 15°) O A XV EOEFHIEICL D 157 OFENFETH L
%z%hé(&mmma ZHICE D 18§ OFGNEAD L, 12-F 7 13-V ~DREE
MBS E G Tl Ip o TofE R, 16jj DUENME T LIZEEZE X TWD, —F, E1FKTI
%%ﬁ#éwnkiowofiJ&nkiUﬁb@ﬁﬁﬁ%kLTmétw\4:/mﬁ
DRI BEIT LT o TWAH Z ER, WRAGHWHETHD EEZTND

MeO® MeO MeO
S
\l\;ij\ JAr T N. _Ar ~ \©\/N\®,Ar — 16jj
ZN|
H H © H
- 15"] 15j 15'j
EWG EWG. -~ OMe |
16jn ', _ '
\©\/N\ LAr T \©\/N\\®,Ar — 16jo Ar‘\/©/ !
“ N :
H © H R !
15n, 150 15'n, 15’0

Scheme 65. Substituent effects on the benzene ring at imino carbon.
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EHI, T/ E—E LT ap- R e RT Y 183k ZHWT | 5AZICE#RILA

BT 2587V —)16la DA E KT L= (Scheme 66), %% 72 13k 1X, BV YT (2E)-
TYFAT 7 VAEEBAT N 105) & 4-A X T x=b N7 UUERE (101a) EHEE
TH5ZETHERLE XD, 2B, o7 13k OMMEAMITERBE CTHD Z & 2R L
TWb, AR L7213k & 15a &2 A X AL Uk (5.0 24 8) TUBET 5 = & T, IRITHK
BEORMIZH D EDOD, 1,34,5-2FHLE T —/L 16ka DERLIZHKI LT 2),

1.

MeO,C 0 OMe oMe
€L>
~ + /I:::]/°HCI >~ MeO,C N (1)
\«/“732 H2N\H pyridine, rt, 0.5 h R Y

76% Me H

H N OMe
MsOH (5.0 eq. N
donor: 15a (2.0 eq.) sOH (5.0 eq) MeOZCj/_ZI 2)

+ OMe CH2C|2, rt, 5.0 h
/I:::]/ 24% MeO,C Me
MeOZC\Y¢¢\T¢N\N 16ka

MeH

acceptor: 13k

Scheme 66. Synthesis of fully-substituted pyrazole 16ka.

L EDOFSRDOE L DA TSR LTz,

H A BUSIZIRN T, N R EoBE#E RN TE T XN
1?@%%%%#5%%6;&ﬁ$9@@:@??#5o Z R, 1,21“/“ EtOZCWN\NQ
TH13- VT DAERB XU 2 REORGIE S H R
ITLRT WD Thdr B NS, —F., BKAI%E
AT HGEITTICROIR T RA LT, ZaUE, 1,2-Y
TH-13-VE U DERB IO R/ RFE ORI N R3
ITLIZK WD ThHEEZZBND, v, "Nur %

AT 556, ARISIROICET L2000, TOEKIIAHTSH D,
REMAICICB N T, BRIV RP—2HF T EoBE#RE R ICITE 5303,
A2/ RFLEOBEBIE RIITEFRIENEL TV D, TRHOBEHIENEL TV D
HTRIE, 1,2-T T H-1 3V RV T BT AOZREIIKRELTFEL TN TH
HEEZLND,
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FHAH FERT oA FHEHLRIAER Lonazolac DA%

F2EHIHNOFEIHIBNT, AF ALK VBEET., B RV BN ap-R
fafie K7V 0D B-IRFBB LA 2 IRFEOREMZFIH LI-MEARINC LD ET S —L
BRIEE R L, #2287 — VEOERRICEHKS) LT, IRICEFIT, KRS EELE
i~ & RS % 2 & A GHE L7z,

Lonazolac |%, 1981 A2 Rainer H 2 &> TERL 4L, 19 Riedel (2 & - T Diclofenac & [7]
FREED EDso 9 Z & RS SNTZESMNE CTHW O TV A IERIRMIER T v 1 R
RIEFETH 2 (Figure 6), '™ IERAT o4 RERRIERKITI S 7 ot X7 —€ (COX) %
BHET D Z LIS L D PIEEA 2R, COX ITiE, MRIRE & MEMERF I C 0B e COX-1 B X
ORIERCTR A BEE T 5 COX-2 D 2 DOV T X A FRFET D, —HIIIZ, Lonazolac %
ETIERIRFTRIERIT, COX-2 HEIZ &2 EAFM7ZT T <. COX-1 BRFIZ K 2 EITEH
HFEBLLLT WV E VDTS, BERABIKO-®, Celecoxib 72 £ COX-2 HRHIFE A
T uA RHEFIRIEEDNBRIE S22, BT S 723 Lonazolac DfEIE A FEIZ L7 COX-2 iR
HIFEA T 1 A RPEFLRIESE DA ITITIEF AT TV D, ¥ Z D72, Lonazolac Z fff
BIZERT 2 FEORIIL, EEMPABICENDIEIERIFIEL D Z EBRHIRFTE 2,

SO,NH,
Cl N

cl FsC—~ "N

N.

Z °N HN
) J@ ’

HO,C

2 Me

Lonazolac Diclofenac Celecoxib

HO,C

Figure 6. Non-steroidal anti-inflammatory drugs (COX inhibitors).

IZ. Rainer H @ Lonazolac /%% Scheme 67 |Z/x9, 1 F3° 7 FE K7V 106
B NN-UAF VANV LT I R, AR AR IV ERIGSEDLZ ETARLINVET Y —
107 & L7k, KBILFRTUHET MU U AT KB ICRISICE Y 7 ra—/1 108 5 L
TWb, ZO%, e FexvEEsrrnai~bBHL%, 7T M) v azHune
REBEBRLONZ LD = R UL 110 ~EZEH L, B ICERVESRM F Tk ofiEd 2 2 ik
Y Lonazolac DA K L TV D, AERIEZ. Wbl nHunen Ty,
ETOMNMIBNTIZE A EEBENICEIINE LN BN TENRTIETHDLN, &
PEDBRNT T AL RN O AEZ WAL ERD Y | BEESCHEE~ORENREIND
(109—110), T Z CTEHIL. B RTV U BX W ap-rafie K7V o OREMEEZFIH L=
ZfEE RIS E IS L, BEOTRVGERIEZ L L 72V Lonazolac A BiE DTS IZHE F LT,
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quant.

o S O )
> z \N > - \N
EtOH, 35-40 °C _ benzene, rt _
0.5h HO 2.5h cl
108 109

cl cl
/@ DMF, POCI,
N\ -
N 75°C, 2.0 h
Me
106

99%

quant.
Cl Cl
NaCN X /N\N 62% H,SO,4 N /N\N
DMSO, 40-45 °C — 125 °C
1.0h NC 25h HO,C
98% 97%

Lonazolac

Scheme 67. Known method for the synthesis of Lonazolac.

EHIX, LFD X 912 L T Lonazolac &5 L7= (Scheme 68), #i& By K
V158 X, 478 R XT TR R (S0e) LT =Lk KTV (A1) AT H
ETEM LT, £ ap-REfie 7 1313, B2 EH 1 EHBLOE 2 = 3HE 2 H
ERARIZ, (2E)-4-ox0-2-butenoic acid ethyl ester (100) & 4-A b7 = =)L b KT Uk
i (101a) #HEE L7cte. N-AF LT D E TR LTz, &I, 13 £ 15s # ¥ 7 mr A

A UHERT, AZ U ANVKRUVBETRIEST 52 L TEZ Y —/b 16)s & 371% DI THT-,

cl Cl
* HoN. N
_0O N MeOH, rt, 2.0 h Z2 \!
H

H 92%
50e 111 15s
1) 4-MeOCgH,NHNH,*HCI (101a), AcONa OMe
Et0,C._~_0 2) Mel, Nafl /©/
2 > EtO,C.__~ N.
NN 40% over 2 steps ZINTNe f\ll
Me
100 13
15s (1.2eq.) ClI
MsOH (2.0 eq.) /N\N LiOH (4.0 eq.)
CH,Cl,, 1t, 6.0 h — THF/H,0, rt, 3.0 h
37% EtO,C 89% HO,C
16js Lonazolac

Scheme 68. Synthesis of Lonazolac.
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D%, 16js ZAKBILY F U ALY = AT VENKES 5D Z & T Lonazolac #7155 =
LTI LT,

PLEDFEED S THIRD o,B-REAFTT /L7 B R 100 25 4 THE, #ULE 13% T Lonazolac
EERT DI EITRPI Lz, ATEE, ICRICEEORITIS D L 00, mEOKO R
ZHWT, BEf7e OGS T Lonazolac # AT 5 Z E N TE 5,

UED Xz, ZEHIIN-TV—Lbe KTV e NT U —)Lap-Rgfie K7V ofis
FOSIZE DT Y —)VEMIEZBRE LTz, AROSIE, ap-Rfafit 7Y o H ofia s
P TR ap- R RT VU EERDE RTY 0 EDORERARISHATRETH 5720,
AR T — VBB TE D, F2. 7T LA — LA L ARERE T Y — /LD FE
BHIETH D120, A% ORISEMSE~DISHR R S5,
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FHET, e RTYUVHOA I VIRBBI O B-IRFBOREKELERE LT HF
fEE AT B EROFHEBIEDRFRIZAI LT,

n\%

O NN-TTNFLE TV D=k UERIZ L NCS B8 KT BF:OEL Z{FH S5
&L BRRIBR2)AINERACBUE A EIT L, N-TvF-124- U T Y — A3 G605 2
xR U, RS, 1ERIETIXE R REECTH - 2 EHEH T (N) EiZT7 v u
EEHTDHRN)T Y = VORI ERBAEETH H 71 T, B TOEBRENRT
AEXNLVETHDL N T Y — LD LT,

R2 NCS R? 5 N R2
| |
N/N\R2 BF3 OEtz N/N\R2 R CN N’ \R2 - /N1
—_— 3
J wﬂw@ >_R
R’ R >cl AN R

@ ap-FEAE KTV A LA X Y ALKV BE RS ES L BT 0 b ALRISIC
5 12-UT7 W3- AR ERRE LT, ORI i@t7/~w@ﬁgm5_
SRR L, ARSI, ap-REafe K5V 0o H OGS T T, op-Ii
ME IV LRIRDE RTY LV ORERERIE S THETH S, £12, KHEMAK
ISEFIH LT, ERAT oA RUFIRIESL TH 25 Lonazolac DEFKIZ B SN LT,

X
MsOH /O
EtochN \NQ1 > E’[OzC\/}/ _
H

EtO,C

. . !
N.& X

H
|\
RZ_N. X N
SN _MsOH _ R? /lz::7 LiOH /l::ij
' j* L
) /[:::T/ R%0,C HO,C
R OZC\/\I«&N N R3 _ 4H ClCeHy Lonazolac
RS RS B

58



LT

IR B U Tl ZARE 2 HEE, HiREA 15 0 £ L2 BAR, LHE S EdRICE L &
DIGHEL E9, F7o, Fx AR SRS AL B £ Lo Bl ZiERICE <
TRETEL L £ 3, FEBRICER L~ O 12 THE £ LI LI EICE < FEHE L £,

AIFFEOFRCEEICH TV . AR E LS E Y £ U7z 480 B BE 2%,
BLORIEOT HE &K, EEEFERIEHE L £,

S DICARFTRICER L, R0 2 THE & U (RS K, BASRA RESE L N
WER BT, SRR MR E H -5 572 D NS P SR R 3R L JE SR ORF K
GBI L £ 7,

MS BEL U NMR ZHE L TFIWE LR RGITE, MTNSFHEEEE S L O TH
ARG B L £,

KRERND E LRI W TREEB 2150 £ LI MSIATBAE N B AR A SRS
B IO AAE LSRR ST FRIE R SR B L £ 7,
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"H NMR and "*C NMR spectra were recorded on a Varian Mercury 300 MHz, 400 MHz JNM-
ECZ4008S, a Varian VNS AS 500 MHz or a Varian VNS AS 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. Multiplicities are indicated by (s = singlet, d = doublet, t = triplet, q = quartet, quint = quintet,
sext = sextet, sept = septet, dd = doublet of doublets, td = triplet of doublets, 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 (SiliaFlash® F60, 40-63 pm) or performed
on Yamazen Automated Liquid Chromatography System Smart Flash EPCLC-AI-580S using
ULTRAPACK SI-40B or Biotage Automated Liquid Chromatography System Isolera One using
Biotage SNAP KP-Sil 259 or 50g or 100g silica gel cartridges. Preparative thin-layer
chromatography (preparative TLC) separations were carried out on 0.25 or 0.50 mm E. Merck silica
gel plates (60 Fasa).
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(E)-Benzaldehyde N,V-dimethylhydrazone (6a) [Scheme 21]. To a solution of benzaldehyde (50a)
(2.0 g, 20 mmol) in CH2Cl, (20 mL) were added N,N-dimethylhydrazine (51a) (1.8 mL, 24 mmol)
and MgSO4 (600 mg) at room temperature. After being stirred at room temperature for 40 min, the
reaction mixture was filtered through celite. The filtrate was concentrated under reduced pressure.
The residue was purified by flash column chromatography (hexane : EtOAc = 5 : 1) to afford the
hydrazone 6a (2.67 g, 90%) as a pale yellow oil. The spectral data were identical with those reported

in the literature.?®

(E)-Benzaldehyde N-methylhydrazone (52) [Scheme 21]. To a solution of benzaldehyde (50a) (508
uL, 5.0 mmol) in CH2Cl, (10 mL) were added methylhydrazine (51b) (395 pL, 7.5 mmol) and MgSO4
(500 mg) at room temperature. After being stirred at room temperature for 1.5 h, the reaction mixture
was filtered through short SiO, pad with CHCl;. The filtrate was concentrated under reduced pressure
to afford the hydrazone 52 (635 mg, 95%) as a pale yellow oil. The spectral data were identical with

those reported in the literature.?”

Formal [3+2]-cycloaddition of N,N-dimethylhydrazone with acetonitrile [Scheme 22]. To a
solution of 6a (50 mg, 0.34 mmol) in dry acetonitrile (6.7 mL) were added NCS (68 mg, 0.51 mmol)
and BF3*OEt; (128 pL, 1.01 mmol) at room temperature. The reaction mixture was stirred at reflux.
After being stirred for 23 h, the reaction mixture was basified with 1 M NaOH aq. (4.0 mL) and
extracted with CHCl; (10 mL x 3). The organic phase was dried over MgSO4 and concentrated under
reduced pressure. The crude product was purified by preparative TLC (CHCI; : MeOH =10 : 1) to
afford the triazole 7aa (37.5 mg, 64%) and triazole 8 (8.6 mg, 9%).

1,5-Dimethyl-3-phenyl-1H-1,2,4-triazole (7aa). A white solid; Mp: 116-117 °C (EtOAc); IR (KBr):
1527 cm; *H NMR (300 MHz, CDCls) 6: 8.06 (d, J = 8.1 Hz, 2H), 7.40-7.27 (m, 3H), 3.59 (s, 3H),
2.28 (s, 3H); *C NMR (75 MHz, CDCls) 8: 159.5, 152.2, 130.6, 128.2, 127.9, 125.3, 34.4, 11.0;
HRMS (ESI) m/z: [M + H]" Calcd for C10H12N3 174.1026; Found 174.1030.

1-[(5-Methyl-3-phenyl-1H-1,2,4-triazol-1-yl)methyl]-2,5-pyrrolidinedione (8). A colorless oil; IR
(CHCIs): 1723, 1524 cm®; *H NMR (600 MHz, CDCls) 8: 8.06 (d, J = 8.4 Hz, 2H), 7.41-7.35 (m,
3H), 5.72 (s, 2H), 2.80 (s, 4H), 2.72 (s, 3H); 3C NMR (150 MHz, CDCls) &: 175.6, 161.7, 154.7,
130.5, 129.3, 128.4, 126.4, 48.4, 28.1, 12.1; HRMS (ESI) m/z: [M + Na]* Calcd for C1sH140.NsNa
293.1009; Found 293.1008.
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Formal [3+2]-cycloaddition of V,/N-dimethylhydrazone with acetonitrile [Table 3, entry 1]. To a
solution of 6a (30 mg, 0.20 mmol) in dry acetonitrile (4.0 mL) were added NCS (40 mg, 0.30 mmol)
and BF3*OEt, (76 pL, 0.60 mmol) at room temperature in the dark. The reaction mixture was stirred
at reflux in the dark. After being stirred for 13.5 h, the reaction mixture was basified with 1 M NaOH
aq. (4.0 mL) and extracted with CHCl3 (10 mL x 3). The organic phase was dried over MgSO4 and
concentrated under reduced pressure. The crude product was purified by preparative TLC (CHCl3 :
MeOH = 50 : 1) to afford the triazole 7aa (31.2 mg, 90%).

[Table 3, entry 4]. To a solution of 6a (30 mg, 0.20 mmol) in dry acetonitrile (4.0 mL) were added
1,3-dichloro-5,5-dimethylhydantoin (DCDMH) (59 mg, 0.30 mmol) and BF3;*OEt, (76 pL, 0.60
mmol) at room temperature in the dark. The reaction mixture was stirred at reflux in the dark. After
being stirred for 18 h, the reaction mixture was basified with 1 M NaOH aq. (4.0 mL) and extracted
with CHCI; (10 mL x 3). The organic phase was dried over MgSO4 and concentrated under reduced
pressure. The crude product was purified by preparative TLC (CHCls : MeOH = 50 : 1) to afford the
triazole 7aa (16.9 mg, 49%).

[Table 3, entry 5]. To a solution of 6a (30 mg, 0.20 mmol) in dry acetonitrile (4.0 mL) were added
NBS (53 mg, 0.30 mmol) and BF3*OEt; (76 pL, 0.60 mmol) at room temperature in the dark. The
reaction mixture was stirred at reflux in the dark. After being stirred for 16 h, the reaction mixture
was basified with 1 M NaOH agq. (4.0 mL) and extracted with CHCI3 (10 mL x 3). The organic phase
was dried over MgSO, and concentrated under reduced pressure. The crude product was purified by

preparative TLC (CHCI3 : MeOH = 50 : 1) to afford the triazole 7aa (31.2 mg, 90%).

[Table 3, entry 6]. To a solution of 6a (30 mg, 0.20 mmol) in dry acetonitrile (4.0 mL) were added
1,3-dibromo-5,5-dimethylhydantoin (DBDMH) (86 mg, 0.30 mmol) and BF3*OEt, (76 pL, 0.60
mmol) at room temperature in the dark. The reaction mixture was stirred at reflux in the dark. After
being stirred for 18 h, the reaction mixture was basified with 1 M NaOH agq. (4.0 mL) and extracted
with CHCI3 (10 mL % 3). The organic phase was dried over MgSO4 and concentrated under reduced
pressure. The crude product was purified by preparative TLC (CHCl; : MeOH = 50 : 1) to afford the
triazole 7aa (30.0 mg, 87%).

[Table 3, entry 7]. To a solution of 6a (30 mg, 0.20 mmol) in dry acetonitrile (4.0 mL) were added
NIS (68 mg, 0.30 mmol) and BF3*OEt; (76 pL, 0.60 mmol) at room temperature in the dark. The
reaction mixture was stirred at reflux in the dark. After being stirred for 17 h, the reaction mixture
was basified with 1 M NaOH agq. (4.0 mL) and extracted with CHCI3 (10 mL x 3). The organic phase
was dried over MgSO4 and concentrated under reduced pressure. The crude product was purified by
preparative TLC (CHCIs : MeOH = 50 : 1) to afford the triazole 7aa (4.1 mg, 12%)).
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[Table 3, entry 8]. To a solution of 6a (30 mg, 0.20 mmol) in dry acetonitrile (4.0 mL) were added
NCS (40 mg, 0.30 mmol) and AICI; (80 mg, 0.60 mmol) at room temperature in the dark. The reaction
mixture was stirred at reflux in the dark. After being stirred for 17.5 h, the reaction mixture was
basified with 1 M NaOH agq. (4.0 mL) and extracted with CHCI3 (10 mL x 3). The organic phase was
dried over MgSQO4 and concentrated under reduced pressure. The crude product was purified by
preparative TLC (CHCI3 : MeOH = 50 : 1) to afford the triazole 7aa (27.8 mg, 80%).

[Table 3, entry 11]. To a solution of 6a (30 mg, 0.20 mmol) in dry acetonitrile (4.0 mL) were added
NCS (40 mg, 0.30 mmol) and BF3*OEt; (25 pL, 0.20 mmol) at room temperature in the dark. The
reaction mixture was stirred at reflux in the dark. After being stirred for 18 h, the reaction mixture
was basified with 1 M NaOH agq. (4.0 mL) and extracted with CHCI3 (10 mL x 3). The organic phase
was dried over MgSO, and concentrated under reduced pressure. The crude product was purified by
preparative TLC (CHCI3 : MeOH = 50 : 1) to afford the triazole 7aa (20.0 mg, 58%).

Formal [3+2]-cycloaddition of V-methylhydrazone with acetonitrile [Scheme 23]. To a solution
of 52 (27 mg, 0.20 mmol) in dry acetonitrile (4.0 mL) were added NCS (40 mg, 0.30 mmol) and
BF3+OEt, (76 pL, 0.60 mmol) at room temperature in the dark. The reaction mixture was stirred at
reflux in the dark. After being stirred for 13.5 h, the reaction mixture was basified with 1 M NaOH
aq. (4.0 mL) and extracted with CHCl3 (10 mL X 3). The organic phase was dried over MgSO4 and
concentrated under reduced pressure. The crude product was purified by preparative TLC (CHCI; :
MeOH = 50 : 1) to afford the triazole 7aa (13.1 mg, 38%).
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Benzoic acid 2,2-dimethylhydrazide (54) [Scheme 25, eq 1]. To a solution of N,N-
dimethylhydrazine (51a) (893 pL, 11.7 mmol) in Et,O (3.0 mL) was added benzoyl chloride (53) (813
pL, 7.0 mmol) in EtO (5.9 mL) at 0 °C. After being stirred at 0 °C for 1.0 h, the reaction mixture was
basified with 10% NaOH aq. (6.0 mL) and extracted with Et,O (20 mL x 3). The organic phase was
dried over MgSQO4 and concentrated under reduced pressure. The crude product was purified by
recrystallization (hexane/benzene) to afford the hydrazide 54 (723 mg, 63%) as a pale yellow solid.

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

N,N-Dimethylbenzenecarbohydrazonoyl chloride (9aa) [Scheme 25, eq 1]. To a solution of 54
(715 mg, 4.4 mmol) and PPhs (1.43 g, 5.5 mmol) in dry acetonitrile (8.7 mL) was added CCl4 (420
pL, 4.4 mmol) dropwise at room temperature under argon atmosphere. After being stirred at same
temperature for 4.5 h, the reaction mixture was concentrated under reduced pressure. The crude
product was purified by short column chromatography (hexane : Et:O = 4 : 1) to afford the
hydrazonoyl chloride 9aa (347 mg, 44%) as a yellow oil. The spectral data were identical with those

reported in the literature.?

Formal [3+2]-cycloaddition of hydrazonoyl chloride with acetonitrile [Scheme 25, eq 2]. To a
solution of 9aa (37 mg, 0.20 mmol) in dry acetonitrile (4.0 mL) was added BF3;*OEt, (76 pL, 0.60
mmol) at room temperature in the dark. The reaction mixture was stirred at reflux in the dark. After
being stirred for 17 h, the reaction mixture was basified with 1 M NaOH agq. (4.0 mL) and extracted
with CHCI3 (10 mL x 3). The organic phase was dried over MgSO4 and concentrated under reduced
pressure. The crude product was purified by preparative TLC (CHCI3 : MeOH = 50 : 1) to afford the
triazole 7aa (28.3 mg, 82%).

Detection of intermediate in the reaction mixture by ESI-HRMS [Scheme 26]. To a solution of
hydrazone 6a (30 mg, 0.20 mmol) in dry acetonitrile (4.0 mL) were added NCS (40 mg, 0.30 mmol)
and BF3*OEt, (76 pL, 0.60 mmol) at room temperature in the dark. The mixture was stirred at reflux
for 1.0 h in the dark. The ESI (+)-MS spectrum of reaction mixture showed a peak of m/z 147.0916.
The reaction mixture was basified with 1 M NaOH ag. (4.0 mL) and extracted with CHCI3 (10 mL x
3). The organic phase was dried over MgSO. and concentrated under reduced pressure. The crude
product was purified by preparative TLC (CHCIs; : MeOH = 49 : 1) to afford the hydrazide 54 (13.9
mg, 42%).
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Detection of intermediate in the reaction mixture by ESI-HRMS [Scheme 28]. To a solution of
hydrazone 6a (30 mg, 0.20 mmol) in dry acetonitrile (4.0 mL) were added NCS (40 mg, 0.30 mmol)
and BF3s*OEt, (76 pL, 0.60 mmol) at room temperature in the dark. The mixture was stirred at reflux
for 12 h in the dark. The ESI (+)-MS spectrum of reaction mixture showed peaks of m/z 147.0917
which indicated the intermediate Fa, m/z 165.1024 which indicated the hydrazide 54 and m/z
174.1029 which indicated the triazole 7aa.

N-(Phenylmethylene)-1-pyrrolidinamine (57) [Scheme 30, eq 1]. To a solution of benzaldehyde
(50a) (620 pL, 6.0 mmol) in pyridine (10 mL) was added 1-aminopyrrolidine hydrochloride (56) (613
mg, 5.0 mmol) at room temperature. The reaction mixture was stirred at same temperature. After
being stirred for 1.0 h, the reaction mixture was diluted with H>O (10 mL) and extracted with CHCl3
(20 mL x 3). The organic phase was dried over MgSO4 and concentrated under reduced pressure. The
crude product was purified by column chromatography (toluene) to afford the hydrazone 57 (804 mg,

92%) as a pale yellow solid. The spectral data were identical with those reported in the literature.>”

Formal [3+2]-cycloaddition of 57 with acetonitrile [Scheme 30, eq 2]. To a solution of hydrazone
57 (35 mg, 0.20 mmol) in dry acetonitrile (4.0 mL) were added NCS (40 mg, 0.30 mmol), BF;*OEt;
(76 uL, 0.60 mmol) at room temperature in the dark. The reaction mixture was stirred at reflux in the
dark. After being stirred for 18 h, the reaction mixture was basified with 1 M NaOH aq. (4.0 mL) and
extracted with CHCI; (10 mL x 3). The organic phase was dried over MgSQO, and concentrated under
reduced pressure. The crude product was purified by preparative TLC (CHCI; : MeOH =50: 1) to
afford the triazole 58 (23.7 mg, 44%).

N-[4-(5-Methyl-3-phenyl-1H-1,2,4-triazol-1-yl)butyl]acetamide (58). A yellow oil; IR (neat):
3287, 1655, 1553 cm*; *H NMR (500 MHz, CDCls) 8: 8.04 (d, J = 8.0 Hz, 2H), 7.42 (t, J = 8.0 Hz,
2H), 7.37 (t, J = 8.0 Hz, 1H), 5.77 (br s, 1H), 4.12, (t, J = 7.0 Hz, 2H), 3.28 (q, J = 6.5 Hz, 2H), 2.50
(s, 3H), 1.96 (s, 3H), 1.92 (quint, J = 7.5 Hz, 2H), 1.56 (quint, J = 7.5 Hz, 2H); *C NMR (125 MHz,
CDCls) 6: 170.2, 160.6, 152.5, 131.0, 129.0, 128.5, 126.0, 47.7, 38.9, 27.1, 26.4, 23.3, 12.0; HRMS
(ESI) m/z: [M + Na]* Calcd for CisH20NsNa 295.1529; Found 295.1529.
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Preparation of NV,/N-dimethylhydrazones [Table 4]. To a solution of corresponding aryl aldehydes
in pyridine was added N,N-dimethylhydrazine hydrochloride (1.05-1.2 eq.) at room temperature.
After being stirred at reflux for several hours, the reaction mixture was diluted with H,O and extracted
with EtOAc. The organic phase was dried over MgSO4 and concentrated under reduced pressure. The
crude product was purified by column chromatography to afford the N,N-dimethylhydrazones 6b, 6c,
6e, 6g, 6h, 6k, 6n, 6q.

(E)-4-Methylbenzaldehyde 2,2-dimethylhydrazone (6b) [entry 1]. 4-Methylbenzaldehyde (50b)
(907 uL, 8.0 mmol), N,N-dimethylhydrazine hydrochloride (59) (859 mg, 8.9 mmol) and pyridine (10
mL) were used. The crude product was purified by column chromatography (toluene) to afford the
hydrazone 6b (1.09 g, 84%) as a pale yellow oil. The spectral data were identical with those reported

in the literature.*¥

(E)-4-Methoxybenzaldehyde 2,2-dimethylhydrazone (6¢) [entry 2]. 4-Methoxybenzaldehyde
(50c¢) (889 uL, 7.34 mmol), N,N-dimethylhydrazine hydrochloride (59) (851 mg, 8.81 mmol) and
pyridine (20 mL) were used. The crude product was purified by column chromatography (hexane :
EtOAc = 3 : 1) to afford the hydrazone 6c¢ (1.25 g, 96%) as a pale yellow oil. The spectral data were

identical with those reported in the literature.?>*>

(E)-4-Chlorobenzaldehyde 2,2-dimethylhydrazone (6e) [entry 3]. 4-Chlorobenzaldehyde (50e)
(1.0 g, 7.11 mmol), N,N-dimethylhydrazine hydrochloride (59) (824 mg, 8.54 mmol) and pyridine
(20 mL) were used. The crude product was purified by column chromatography (hexane : EtOAc =
3: 1) to afford the hydrazone 6e (1.04 g, 80%) as a pale yellow oil. The spectral data were identical

with those reported in the literature.** 49

(E)-4-(Trifluoromethyl)benzaldehyde 2,2-dimethylhydrazone (6g) [entry 4]. 4-(Trifluoromethyl)
benzaldehyde (50g) (943 pL, 7.0 mmol), N,N-dimethylhydrazine hydrochloride (59) (710 mg, 7.35
mmol) and pyridine (10 mL) were used. The crude product was purified by column chromatography

(toluene) to afford the hydrazone 6g (1.12 g, 74%) as a pale yellow solid. The spectral data were

identical with those reported in the literature.*

(E)-4-Nitrobenzaldehyde 2,2-dimethylhydrazone (6h) [entry 5]. 4-Nitrobenzaldehyde (50h) (1.0
g, 6.62 mmol), N,N-dimethylhydrazine hydrochloride (59) (767 mg, 7.94 mmol) and pyridine (20
mL) were used. The crude product was purified by column chromatography (hexane : EtOAc = 3 : 1)
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to afford the hydrazone 6h (1.03 g, 80%) as an orange solid. The spectral data were identical with

those reported in the literature.?> 4>

(E)-3-Methoxybenzaldehyde 2,2-dimethylhydrazone (6k) [entry 6]. 3-Methoxybenzaldehyde
(50Kk) (1.0 mL, 8.22 mmol), N,N-dimethylhydrazine hydrochloride (59) (952 mg, 9.86 mmol) and
pyridine (10 mL) were used. The crude product was purified by column chromatography (hexane :
EtOAc = 3 : 1) to afford the hydrazone 6k (1.36 g, 93%) as a yellow oil. The spectral data were

identical with those reported in the literature.*”

(E)-2-Methoxybenzaldehyde 2,2-dimethylhydrazone (6m) [entry 7]. 2-Methoxybenzaldehyde
(50mn) (1.0 g, 7.35 mmol), N,N-dimethylhydrazine hydrochloride (59) (851 mg, 8.81 mmol) and
pyridine (10 mL) were used. The crude product was purified by column chromatography (hexane :
EtOAc = 3 : 1) to afford the hydrazone 6n (826 mg, 63%) as a yellow oil. The spectral data were

identical with those reported in the literature.??

(E)-2-Naphthalenecarboxaldehyde 2,2-dimethylhydrazone (6q) [entry 8]. 2-Naphthalene
carboxaldehyde (50q) (300 mg, 1.92 mmol), N,N-dimethylhydrazine hydrochloride (59) (223 mg,
2.31 mmol) and pyridine (5.0 mL) were used. The crude product was purified by column
chromatography (hexane : EtOAc =5 : 1) to afford the hydrazone 6n (311 mg, 82%) as a yellow oil.

The spectral data were identical with those reported in the literature.? 4>

(E)-4-Bromobenzaldehyde 2,2-dimethylhydrazone (6f) [Table 5, entry 1]. To a solution of 4-
bromobenzaldehyde (50f) (925 mg, 5.0 mmol) in MeOH (10 mL) was added N,N-dimethylhydrazine
(51a) (457 uL, 6.0 mmol) at room temperature. After being stirred at same temperature for 3.0 h, the
reaction mixture was concentrated under reduced pressure. The residue was dissolved in MeOH (2.0
mL) and then added saturated NaHSOs; ag. (5.0 mL) and shaken for approximately 30 sec and
extracted with hexane (20 mL x 3). The organic phase was concentrated under reduced pressure to
afford the hydrazone 6f (613 mg, 54%) as a white solid. The spectral data were identical with those
reported in the literature.* The crude product 6f was used without the further purification.

(E)-4-|(2,2-Dimethylhydrazinylidene)methyl]benzoic acid methyl ester (6i) [entry 2]. To a
solution of 4-formylbenzoic acid methyl ester (50i) (1.64 g, 10.0 mmol) in MeOH (10 mL) was added
N,N-dimethylhydrazine (51a) (1.14 mL, 15.0 mmol) at room temperature. After being stirred at same
temperature for 1.0 h, the reaction mixture was concentrated under reduced pressure to afford the
hydrazone 6i (2.07 g, quant.) as a yellow solid. The spectral data were identical with those reported

in the literature.* The crude product 6i was used without further purification.
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(E)-3-Methylbenzaldehyde 2,2-dimethylhydrazone (6j) [entry 3]. To a solution of 3-
methylbenzaldehyde (50j) (1.17 mL, 10.0 mmol) in MeOH (20 mL) was added N,N-
dimethylhydrazine (S1a) (913 pL, 12.0 mmol) at room temperature. After being stirred at same
temperature for 1.0 h, the reaction mixture was concentrated under reduced pressure. The residue was
dissolved in MeOH (2.0 mL) and then added saturated NaHSOs; ag. (5.0 mL) and shaken for
approximately 30 sec and extracted with hexane (20 mL x 3). The organic phase was concentrated
under reduced pressure to afford the hydrazone 6j (1.51 g, 93%) as a yellow oil. The spectral data
were identical with those reported in the literature.*® The crude product 6j was used without further

purification.

(E)-3-Bromobenzaldehyde 2,2-dimethylhydrazone (61) [entry 4]. To a solution of 3-
bromobenzaldehyde (501) (586 pL, 5.0 mmol) in MeOH (10 mL) was added N,N-dimethylhydrazine
(51a) (457 pL, 6.0 mmol) at room temperature. After being stirred at same temperature for 1.0 h, the
reaction mixture was concentrated under reduced pressure to afford the hydrazone 61 (1.11 g, 98%)
as a colorless oil. The spectral data were identical with those reported in the literature.*® The crude

product 61 was used without further purification.

(E)-2-Methylbenzaldehyde 2,2-dimethylhydrazone (6m) [entry 5]. To a solution of 2-
methylbenzaldehyde (50m) (1.16 mL, 10.0 mmol) in MeOH (20 mL) was added N,N-
dimethylhydrazine (S51a) (913 pL, 12.0 mmol) at room temperature. After being stirred at same
temperature for 1.0 h, the reaction mixture was concentrated under reduced pressure. The residue was
dissolved in MeOH (2.0 mL) and then added saturated NaHSOs; ag. (5.0 mL) and shaken for
approximately 30 sec and extracted with hexane (20 mL x 3). The organic phase was concentrated
under reduced pressure to afford the hydrazone 6m (1.67 g, quant.) as a yellow oil. The spectral data
were identical with those reported in the literature.>* * The crude product 6m was used without

further purification.

(E)-2-Bromobenzaldehyde 2,2-dimethylhydrazone (60) [entry 6]. To a solution of 2-
bromobenzaldehyde (500) (578 puL, 5.0 mmol) in MeOH (10 mL) was added N,N-dimethylhydrazine
(51a) (457 pL, 6.0 mmol) at room temperature. After being stirred at same temperature for 1.0 h, the
reaction mixture was concentrated under reduced pressure to afford the hydrazone 60 (869 mg, 76%)
as a pale yellow oil. The spectral data were identical with those reported in the literature.® The crude

product 60 was used without further purification.

(E)-1-Naphthalenecarboxaldehyde 2,2-dimethylhydrazone (6p) [entry 7]. To a solution of 1-
naphthalene-carboxaldehyde (50p) (407 pL, 3.0 mmol) in MeOH (6.0 mL) was added N,N-
dimethylhydrazine (51a) (274 pL, 3.6 mmol) at room temperature. After being stirred at same
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temperature for 2.0 h, the reaction mixture was concentrated under reduced pressure. The crude
product was purified by column chromatography (toluene) to afford the hydrazone 6p (582 mg, 98%)

as a pale yellow oil. The spectral data were identical with those reported in the literature.*”

(E)-Cyclohexanecarboxaldehyde 2,2-dimethylhydrazone (6s) [entry 8]. To a solution of
cyclohexanecarboxaldehyde (50s) (1.21 mL, 10 mmol) in MeOH (20 mL) was added N,N-
dimethylhydrazine (51a) (1.14 mL, 15 mmol) at room temperature. After being stirred for 3.0 h, the
reaction mixture was concentrated under reduced pressure. The crude product was purified by flash
column chromatography (Yamazen Smart Flash EPCLC-AI-580S using ULTRAPACK SI-40B)
(hexane : EtOAc =19 : 1 to 47 : 13) to afford the hydrazone 6s (1.47 g, 96%) as a colorless oil; IR
(neat): 1607 cm*; *H NMR (400 MHz, CDCls) 6: 6.51 (d, J = 6.0 Hz, 1H), 2.70 (s, 6H), 2.23-2.14
(m, 1H), 1.79-1.64 (m, 5H), 1.34-1.16 (m, 5H); **C NMR (100 MHz, CDCls) &: 144.0, 43.2, 41.2,
31.3, 25.9, 25.6; HRMS (ESI) m/z: [M + H]* Calcd for CoH1gN2 155.1543; Found 155.1542.

(E)-Pentanal 2,2-dimethylhydrazone (6t) [entry 9]. To a solution of pentanal (50t) (1.06 mL, 10
mmol) in MeOH (20 mL) was added N,N-dimethylhydrazine (51a) (1.14 mL, 15 mmol) at room
temperature. After being stirred for 3.5 h, the reaction mixture was concentrated under reduced
pressure. The crude product was purified by flash column chromatography (hexane : EtOAc =5: 1)
to afford the hydrazone 6t (641 mg, 50%) as a pale yellow oil; IR (neat): 1620 cm™; *H NMR (400
MHz, CDCls) 6: 6.66 (t, J =5.6 Hz, 1H), 2.72 (s, 6H), 2.23 (td, J = 7.8, 5.6, Hz, 2H), 1.46 (quint, J =
7.4 Hz, 2H), 1.36 (sext, J = 7.4 Hz, 2H), 0.92 (t, J = 7.4 Hz, 3H); *C NMR (100 MHz, CDCls) &:
139.7, 43.3, 32.7, 29.8, 22.2, 13.8; HRMS (ESI) m/z: [M + H]* Calcd for C;H17N, 129.1386; Found
129.1388.

(E)-Benzenepropanal 2,2-dimethylhydrazone (6u) [entry 10]. To a solution of benzenepropanal
(50u) (1.32 mL, 10 mmol) in MeOH (20 mL) was added N,N-dimethylhydrazine (51a) (1.14 mL, 15
mmol) at room temperature. After being stirred for 3.5 h, the reaction mixture was concentrated under
reduced pressure. The crude product was purified by flash column chromatography (toluene : EtOAc
=5:1) to afford the hydrazone 6u (1.46 g, 83%) as a colorless oil. The spectral data were identical

with those reported in the literature.>”

(E)-a-Methylbenzeneacetaldehyde 2,2-dimethylhydrazone (6v) [entry 11]. To a solution of 2-
phenylpropanal (50v) (671 uL, 5.0 mmol) in MeOH (10 mL) was added N,N-dimethylhydrazine (51a)
(457 uL, 6.0 mmol) at room temperature. After being stirred for 2.0 h, the reaction mixture was
concentrated under reduced pressure. The crude product was purified by flash column
chromatography (Biotage Isolera One using Biotage SNAP KP-Sil 100g) (hexane : EtOAc =24 : 1
to 3: 1) to afford the hydrazone 6v (707 mg, 80%) as a pale yellow oil. The spectral data were identical
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with those reported in the literature."

2,2-Dimethylpropionic acid 4-formylphenyl ester (50d) [Scheme 31]. To a solution of 4-
hydroxybenzaldehyde (50w) (733 mg, 6.0 mmol) in CH,Cl, (7.3 mL) were added pyridine (823 pL,
10.2 mmol) and DMAP (73 mg, 0.60 mmol) at 0 °C and then slowly added pivaloyl chloride (1.1 mL,
9.0 mmol) at the same temperature. After being stirred at room temperature for 1.0 h, the reaction
mixture was quenched with H>O (10 mL) and extracted with CHCI3 (10 mL % 3). The organic phase
was dried over MgSO, and concentrated under reduced pressure. The crude product was purified by
flash column chromatography (hexane : EtOAc =5 : 1) to afford the pivalate 50d (1.40 g, quant.) as

a colorless oil. The spectral data were identical with those reported in the literature.?®

(E)-2,2-Dimethylpropionic acid 4-[(2,2-dimethylhydrazinylidene)methyl]phenyl ester (6d)
[Scheme 31]. To a solution of 50d (1.40 g, 6.0 mmol) in MeOH (12 mL) was added N,N-
dimethylhydrazine (486 pL, 7.2 mmol) at room temperature. After being stirred for 1.5 h, the reaction
mixture was concentrated under reduced pressure. The crude product was purified by flash column
chromatography (hexane : EtOAc =10 : 1) to afford the hydrazone 6d (1.33 g, 89%) as white crystals;
Mp: 72-74 °C (hexane); IR (KBr): 1744, 1563 cm™; '"H NMR (300 MHz, CDCl;) &: 7.56 (d, J = 8.7
Hz, 2H), 7.21 (s, 1H), 7.01 (d, J= 8.7 Hz, 2H), 2.95 (s, 6H), 1.35 (s, 9H); *C NMR (75 MHz, CDCls)
3:176.9, 150.2, 134.4, 131.8, 126.3, 121.4, 42.8, 39.0, 27.1; HRMS (ESI) m/z: [M + H]" Calcd for
C14H2102N2 249.1598; Found 249.1596.

2-(2,2-Diethoxyethoxy)benzaldehyde (61) [Scheme 32]. To a solution of salicylaldehyde (50x) (5.2
mL, 50 mmol) in DMF (50 mL) were added bromoacetaldehyde diethyl acetal (60) (8.1 mL, 52.5
mmol) and K2COs (14 g, 100 mmol) at room temperature. The reaction mixture was stirred at 100 °C.
After being stirred for 23 h, the reaction mixture was diluted with EtOAc (30 mL) and then filtered
through celite. The filtrate was concentrated under reduced pressure. The residue was dissolved in
Et,O (30 mL) and H-O (20 mL) and extracted with Et,O (30 mL x 3). The organic phase was washed
with H20O (20 mL x 3), brine (20 mL) and dried over MgSO. and concentrated under reduced pressure.
The crude product was purified by flash column chromatography (hexane : EtOAc = 10 : 1) to afford
the 2-(2,2-diethoxyethoxy)benzaldehyde (61) (10.6 g, 89%) as a yellow oil. The spectral data were

identical with those reported in the literature.*”

2-Benzofurancarboxaldehyde (50r) [Scheme 32]. A solution of aldehyde 61 (10.6 g, 44 mmol) in
AcOH (18 mL) and H,O (2.4 mL) was stirred at reflux. After being stirred for 48 h at the same
temperature, the reaction mixture was concentrated under reduced pressure. The residue was
dissolved in Et,O (120 mL) and washed with sat. NaHCOs ag. (24 mL x 3). The organic phase was
dried over MgSO, and concentrated under reduced pressure. The crude product was purified by flash
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column chromatography (hexane : EtOAc =20 : 1t0 10: 1) to afford the 2-benzofurancarboxaldehyde
(50r) (1.04 g, 16%) as a pale yellow oil. The spectral data were identical with those reported in the

literature.?”

(E)-2-Benzofurancarboxaldehyde dimethyl hydrazone (6r) [Scheme 32]. To a solution of 2-
benzofurancarboxaldehyde (50r) (1.0 g, 7.1 mmol) in MeOH (14 mL) was added N,N-
dimethylhydrazine (648 pL, 8.5 mmol) at room temperature. After being stirred for 1.0 h, the reaction
mixture was concentrated under reduced pressure. The residue was dissolved in MeOH (1.0 mL) and
then added sat. NaHSOs ag. (5.0 mL) and shaken for approximately 30 sec and extracted with hexane
(20 mL x 3). The organic phase was dried over MgSQO, and concentrated under reduced pressure to
afford the hydrazone 6r (997.5 mg, 75%) as a yellow oil; IR (neat): 1595 cm™; *H NMR (300 MHz,
CDCls) 6: 7.50 (d, J = 9.0 Hz, 2H), 7.23 (m, 2H), 7.14 (s, 1H), 6.64 (s, 1H), 3.05 (s, 6H); *°C NMR
(75 MHz, CDCls) 6: 154.6, 154.0, 128.8, 124.1, 122.8, 121.3, 120.5, 111.2, 103.2, 42.6; HRMS (ESI)
m/z. [M + H]* Calcd for C11H130N, 189.1022; Found 189.1022. The crude product 6r was used
without the further purification.

General procedure for formal [3+2]-cycloaddition of N,N-dimethylhydrazones with acetonitrile
[Scheme 33]. To a solution of hydrazones 6b-6v (0.20 mmol) in dry acetonitrile (4.0 mL) were added
NCS (40 mg, 0.30 mmol) and BFs;*OEt; (76 pL, 0.60 mmol). The reaction mixture was stirred at
reflux in the dark. After being stirred for several hours, the reaction mixture was basified with 1 M
NaOH ag. (4.0 mL) and extracted with CHCI;3 (10 mL x 3). The organic phase was dried over MgSO4
and concentrated under reduced pressure. The crude product was purified by preparative TLC or flash
column chromatography to afford the corresponding triazoles 7ba-7va.

1,5-Dimethyl-3-(4-methylphenyl)-1H-1,2,4-triazole (7ba). Hydrazone 6b (37.4 mg, 0.23 mmol)
was used. 42.4 mg, 98% yield; Reaction time: 17 h; Purification by preparative TLC (CHCl; : MeOH
=50 1); A white solid; Mp: 204-205 °C (hexane/EtOAc); IR (KBr): 1536 cm™; *H NMR (300 MHz,
CDCls) 6: 7.93 (d, J = 8.1 Hz, 2H), 7.22 (d, J = 8.1 Hz, 2H), 3.82 (s, 3H), 2.47 (s, 3H), 2.37 (s, 3H);
13C NMR (75 MHz, CDCls) 5: 160.6, 152.7, 138.8, 129.2, 128.2, 125.9, 35.1, 21.3, 11.9; HRMS (ESI)
m/z: [M + H]* Calcd for C11H14N3 188.1182; Found 188.1184.

1,5-Dimethyl-3-(4-methoxyphenyl)-1H-1,2,4-triazole (7ca). Hydrazone 6¢ (50.0 mg, 0.28 mmol)
was used. 39.9 mg, 68% yield; Reaction time: 24 h; Purification by preparative TLC (CHCI; : MeOH
=50 1); A white solid; Mp: 117-119 °C (hexane/EtOAc); IR (KBr): 1538 cm™; *H NMR (300 MHz,
CDCls) 6: 7.97 (d, J = 8.7 Hz, 2H), 6.93 (d, J = 8.7 Hz, 2H), 3.82 (s, 3H), 3.79 (s, 3H), 2.45 (s, 3H);
3C NMR (75 MHz, CDCls) 8: 160.2, 160.1, 152.5, 127.3, 123.6, 113.7,55.1, 35.0, 11.7; HRMS (ESI)
m/z: [M + H]* Calcd for C11H140ON3 204.1131; Found 204.1135.
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2,2-Dimethylpropionic acid 4-(1,5-dimethyl-1H-1,2,4-triazol-3-yl)phenyl ester (7da). 28.6 mg,
52% yield; Reaction time: 17.5 h; Purification by preparative TLC (CHCl3 : MeOH =50 : 1); A white
solid; Mp: 184-185 °C (hexane/EtOAc); IR (KBr): 1736 cm™; *H NMR (300 MHz, CDCls) &: 8.05
(d, J =8.7 Hz, 2H), 7.12 (d, J = 9.0 Hz, 2H), 3.82 (s, 3H), 2.47 (s, 3H), 1.36 (s, 9H); 3C NMR (75
MHz, CDCls) 6: 176.8, 159.8, 152.8, 151.6, 128.5, 127.0, 121.5, 39.0, 35.1, 27.0, 11.8; HRMS (ESI)
m/z: [M + Na]* Calcd for C15H190-N3Na 296.1370; Found 296.1366.

3-(4-Chlorophenyl)-1,5-dimethyl-1H-1,2,4-triazole (7ea). Hydrazone 6e (41.5 mg, 0.23 mmol) was
used. 40.7 mg, 85% yield; Reaction time: 17 h; Purification by preparative TLC (CHCI; : MeOH =
50 : 1); A white solid; Mp: 176 °C (decomposed) (hexane/EtOAC); IR (KBr): 1526 cm™; 'H NMR
(300 MHz, CDCls) 6: 7.98 (d, J = 8.4 Hz, 2H), 7.38 (d, J = 8.4 Hz, 2H), 3.83 (s, 3H), 2.48 (s, 3H);
13C NMR (75 MHz, CDCl3) &: 159.6, 153.0, 134.7, 129.6, 128.7, 127.3, 35.2, 11.8; HRMS (ESI) m/z:
[M + H]* Calcd for C10H11N3s*Cl 208.0636; Found 208.0636.

3-(4-Bromophenyl)-1,5-dimethyl-1H-1,2,4-triazole (7fa). 35.4 mg, 70% yield; Reaction time: 22
h; Purification by preparative TLC (CHCI; : MeOH = 50 : 1); A yellow solid; Mp: 194-196 °C
(hexane/EtOAC); IR (KBr): 1524 cm™; *H NMR (300 MHz, CDCls) &: 7.92 (d, J = 8.4 Hz, 2H), 7.54
(d, J = 8.4 Hz, 2H), 3.83 (s, 3H), 2.48 (s, 3H); **C NMR (75 MHz, CDCls) &: 159.6, 153.0, 131.6,
130.0, 127.5, 123.0, 35.2, 11.8; HRMS (ESI) m/z: [M + H]* Calcd for C10H11N3s®Br 252.0131; Found
252.0129.

1,5-Dimethyl-3-[4-(trifluoromethyl)phenyl]-1H-1,2,4-triazole (7ga). 34.3 mg, 71% yield;
Reaction time: 17 h; Purification by preparative TLC (CHCIs : MeOH =50 : 1); A yellow solid; Mp:
167-169 °C (EtOAC); IR (KBr): 1620 cm*; *H NMR (300 MHz, CDCls) &: 7.98 (d, J = 8.4 Hz, 2H),
7.38 (d, J = 8.4 Hz, 2H), 3.83 (s, 3H), 2.48 (s, 3H); *C NMR (75 MHz, CDCls) 8: 159.1, 153.2, 134.4,
131.2 (C-F, ¢ = 32.2 Hz), 130.7 (C-F, cr = 32.2 Hz), 130.3 (C-F, 2Jc.r = 32.2 Hz), 129.9 (C-F,
2)cr = 32.2 Hz), 129.5 (C-F, Ycr = 270.4 Hz), 126.2, 125.9 (C-F, Wc.r = 270.4 Hz), 125.5 (C-F, 3Jc.
r = 3.8 Hz), 125.42 (C-F, 3Jc.r = 3.8 Hz), 125.37 (C-F, 3Jcr = 3.8 Hz), 125.3 (C-F, 3Jcr = 3.8 Hz),
122.3 (C-F, YJc.r = 270.4 Hz), 118.7 (C-F, Nc = 270.4 Hz), 35.2, 11.7; HRMS (ESI) m/z: [M + H]*
Calcd for C11H11NsF3 242.0900; Found 242.0904.

1,5-Dimethyl-3-(4-nitrolphenyl)-1H-1,2 4-triazole (7ha). Hydrazone 6h (468 mg, 2.42 mmol) was
used. 373.9 mg, 71% vyield; Reaction time: 22 h; Purification by Biotage Isolera One using Biotage
SNAP KP-Sil 50g (CHCIs to CHCIs : MeOH = 24 : 1); A white solid; Mp: 286 °C (decomposed)
(hexane/EtOAC); IR (KBr): 1602, 1509 cm™; *H NMR (300 MHz, THF-ds) &: 8.02 (d, J = 9.0 Hz,
2H), 7.37 (d, J = 8.7 Hz, 2H), 3.80 (s, 3H), 2.41 (s, 3H); **C NMR (75 MHz, THF-ds) 5: 160.0, 154.1,
135.0, 132.0, 129.4, 128.3, 35.4, 11.8; HRMS (ESI) m/z: [M + H]* Calcd for C10H1:02N4 219.0877;
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Found 219.0877.

4-(1,5-Dimethyl-1H-1,2,4-triazol-3-yl)benzoic acid methyl ester (7ia). 30.5 mg, 66% vyield,;
Reaction time: 16.5 h; Purification by preparative TLC (CHCI5 : MeOH = 20 : 1); A yellow solid,;
Mp: 190-192 °C (hexane/EtOAc); IR (KBr): 1728 cm?; *H NMR (300 MHz, CDCls) 8: 8.13 (d, J =
8.4 Hz, 2H), 8.09 (d, J = 8.7 Hz, 2H), 3.92 (s, 3H), 3.86 (s, 3H), 2.50 (s, 3H); 3C NMR (75 MHz,
CDCls) 6: 166.8, 159.6, 153.2, 135.2, 130.2, 129.8, 125.8, 52.1, 35.3, 11.9; HRMS (ESI) m/z: [M +
H]* Calcd for C12H1402N3 232.1081; Found 232.1081.

1,5-Dimethyl-3-(3-methylphenyl)-1H-1,2,4-triazole (7ja). 35.5 mg, 95% yield; Reaction time: 17.5
h; Purification by preparative TLC (CHCIl; : MeOH = 50 : 1); A white solid; Mp: 110-112 °C
(hexane/EtOAC); IR (KBr): 1529 cm™; *H NMR (300 MHz, CDCls) §: 7.88 (s, 1H), 7.84 (d, J=7.8
Hz, 1H), 7.32 (t, J = 7.5 Hz, 1H), 7.18 (d, J = 7.5 Hz, 1H), 3.83 (s, 3H), 2.48 (s, 3H), 2.39 (s, 3H);
13C NMR (75 MHz, CDCls) 3: 160.6, 152.7, 138.1, 130.8, 129.7, 128.4, 126.6, 123.1, 35.1, 21.3, 11.8;
HRMS (ESI) m/z: [M + H]* Calcd for C1:H14N3 188.1182; Found 118.1182.

1,5-Dimethyl-3-(3-methoxyphenyl)-1H-1,2,4-triazole (7ka). Hydrazone 6k (50.0 mg, 0.28 mmol)
was used. 48.5 mg, 85% yield; Reaction time: 21 h; Purification by preparative TLC (CHCI; : MeOH
=50 : 1); A white solid; Mp: 104-105 °C (hexane/EtOAc); IR (KBr): 1614 cm™; *H NMR (300 MHz,
CDCls) 4: 7.65 (d, J = 8.1 Hz, 1H), 7.59 (s, 1H), 7.32 (t, J = 8.1 Hz, 1H), 6.92 (d, J = 8.1 Hz, 1H),
3.87 (s, 3H), 3.85 (s, 3H), 2.50 (s, 3H); °C NMR (75 MHz, CDCls) &: 160.5, 159.8, 152.8, 132.4,
129.6, 118.6, 115.7, 110.5, 55.4, 35.2, 11.9; HRMS (ESI) m/z: [M + H]* Calcd for C11H14ON3
204.1131; Found 204.1135.

3-(3-Bromophenyl)-1,5-dimethyl-1H-1,2,4-triazole (71a). 31.9 mg, 63% vyield; Reaction time: 17
h; Purification by preparative TLC (CHClz : MeOH = 50 : 1); A yellow solid; Mp: 97-99 °C
(hexane/EtOAC); IR (KBr): 1601 cm™; *H NMR (300 MHz, CDCl3) 6: 8.22 (s, 1H), 7.97 (d, J = 7.8
Hz, 1H), 7.49 (d, J = 8.1 Hz, 1H), 7.28 (t, J = 8.1 Hz, 1H), 3.84 (s, 3H), 2.48 (s, 3H); **C NMR (75
MHz, CDCls) 8: 159.1, 153.0, 133.0, 131.8, 130.0, 129.0, 124.5, 122.7, 35.3, 11.9; HRMS (ESI) m/z:
[M + H]* Calcd for C1oH11N3s®Br 252.0131; Found 252.0131.

1,5-Dimethyl-3-(2-methylphenyl)-1H-1,2 4-triazole (7ma). 19.4 mg, 52% yield; Reaction time: 16
h; Purification by preparative TLC (CHCI; : MeOH =50 : 1); A yellow oil; IR (neat): 1530 cm™; H
NMR (300 MHz, CDCls) 3: 7.84 (d, J = 8.1 Hz, 1H), 7.26-7.22 (m, 3H), 3.83 (s, 3H), 2.59 (s, 3H),
2.48 (s, 3H); C NMR (75 MHz, CDCls) &: 161.2, 151.9, 136.7, 130.9, 130.4, 129.2, 128.4, 125.5,
35.1, 21.4, 11.8; HRMS (ESI) m/z: [M + H]* Calcd for C11H14N3 188.1182; Found 118.1180.
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1,5-Dimethyl-3-(2-methoxyphenyl)-1H-1,2,4-triazole (7na). Hydrazone 6n (50.0 mg, 0.28 mmol)
was used. 31.4 mg, 55% vyield; Reaction time: 19 h; Purification by preparative TLC (CHCI; : MeOH
=10 : 1); A colorless oil; IR (neat): 1585 cm™*; *H NMR (300 MHz, CDCls) &: 7.82 (d, J = 7.8 Hz,
1H), 7.33 (dd, J = 7.8, 5.1 Hz, 1H), 7.02-6.96 (m, 2H), 3.90 (s, 3H), 3.84 (s, 3H), 2.48 (s, 3H); *C
NMR (75 MHz, CDCls) 6: 158.5, 156.8, 151.8, 130.3, 129.9, 120.3, 119.8, 111.2, 55.9, 35.3, 12.0;
HRMS (ESI) m/z: [M + Na]* Calcd for C11H130N3Na 226.0951; Found 226.0951.

3-(2-Bromophenyl)-1,5-dimethyl-1H-1,2,4-triazole (70a). 30.4 mg, 60% vyield; Reaction time: 17
h; Purification by preparative TLC (CHCI; : MeOH =50 : 1); A yellow oil; IR (neat): 1524 cm™; tH
NMR (300 MHz, CDCls) é: 7.73 (d, J = 7.8 Hz, 1H), 7.67 (d, J = 8.1 Hz, 1H), 7.35 (t, J = 7.5 Hz,
1H), 7.23 (t, J = 8.1 Hz, 1H), 3.87 (s, 3H), 2.51 (s, 3H); *C NMR (75 MHz, CDCls) &: 159.9, 152.3,
133.6, 132.3, 131.4, 129.9, 127.1, 121.7, 35.3, 11.9; HRMS (ESI) m/z: [M + H]* Calcd for
C10H11N3"Br 252.0131; Found 252.0131.

1,5-Dimethyl-3-(1-naphthalenyl)-1H-1,2,4-triazole (7pa). Hydrazone 6p (50.0 mg, 0.25 mmol)
was used. 45.8 mg, 81% vyield; Reaction time: 14.5 h; Purification by preparative TLC (EtOAc); A
white solid; Mp: 139-141 °C (hexane/EtOAC); IR (KBr): 1530 cm™; *H NMR (300 MHz, CDCls) &:
8.99 (d, J = 8.7 Hz, 1H), 8.09 (d, J = 7.2 Hz, 1H), 7.88 (d, J = 8.1 Hz, 2H), 7.59-7.47 (m, 3H), 3.91
(s, 3H), 2.55 (s, 3H); 3C NMR (75 MHz, CDCls) &: 160.9, 152.3, 133.9, 130.9, 129.5, 128.3, 128.2,
127.5, 126.6, 126.3, 125.7, 125.1, 35.3, 11.9; HRMS (ESI) m/z: [M + H]+ Calcd for CisH14N3
224.1182; Found 224.1183.

1,5-Dimethyl-3-(2-naphthalenyl)-1H-1,2,4-triazole (7ga). Hydrazone 6q (57.6 mg, 0.29 mmol)
was used. 57.2 mg, 88% vyield; Reaction time: 14.5 h; Purification by preparative TLC (EtOACc); A
white solid; Mp: 140-142 °C (EtOAc); IR (KBr): 1530 cm™; *H NMR (300 MHz, CDCls) §: 8.56 (s,
1H), 8.16 (d, J = 8.4 Hz, 1H), 7.93-7.83 (m, 3H), 7.50-7.47 (m, 2H), 3.89 (s, 3H), 2.54 (s, 3H); *C
NMR (75 MHz, CDCls) 6: 160.3, 152.7, 133.5, 133.2, 128.3, 128.2, 128.0, 127.5, 126.1, 126.0, 125.1,
123.6, 35.4, 12.2; HRMS (ESI) m/z: [M + H]* Calcd for C14H14N3 224.1182; Found 224.1183.

3-(3-Chlorobenzofran-2-yl)-1,5-dimethyl-1H-1,2,4-triazole (7ra). 24.5 mg, 49% yield; Reaction
time: 17.5 h; Purification by preparative TLC (CHCI; : MeOH = 50 : 1); A pale yellow solid; Mp:
159-161 °C (hexane/EtOAc); IR (KBr): 1517 cm™; 'H NMR (300 MHz, CDCls) 6: 7.65 (d, J = 8.4
Hz, 1H), 7.58 (d, J = 8.1 Hz, 1H), 7.42-7.31 (m, 2H), 3.93 (s, 3H), 2.56 (s, 3H); *C NMR (75 MHz,
CDCls) 6: 153.2, 153.1, 152.6, 142.5, 127.1, 126.2, 123.6, 119.3, 111.9, 110.6, 35.6, 11.9; HRMS
(ESI) m/z: [M + Na]* Calcd for C1,H100N3*CINa 270.0405; Found 270.0403.
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3-Cyclohexyl-1,5-dimethyl-1H-1,2,4-triazole (7sa). 23.8 mg, 66% vyield; Reaction time: 16.5 h;
Purification by preparative TLC (CHCIs : MeOH = 20 : 1); A colorless oil; IR (neat): 1509 cm?; *H
NMR (300 MHz, CDCls) &: 3.75 (s, 3H), 2.66 (tt, J = 11.4, 3.3 Hz, 1H), 2.41 (s, 3H), 1.98 (d, J =
11.7 Hz, 2H), 1.81 (d, J = 12.3 Hz, 2H), 1.71, (d, J = 10.8 Hz, 1H), 1.54 (q, J = 12.6 Hz, 2H), 1.42-
1.24 (m, 3H); 3C NMR (75 MHz, CDCls) &: 167.0, 151.8, 37.5, 34.8, 31.9, 26.1, 25.9, 11.8; HRMS
(ESI) m/z: [M + H]* Calcd for C10H1sN3 180.1495; Found 180.1497.

3-Butyl-1,5-dimethyl-1H-1,2,4-triazole (7ta). 19.1 mg, 62% yield; Reaction time: 18 h; Purification
by preparative TLC (CHCIls : MeOH =50 : 1); A yellow oil; IR (neat): 1515 cm™; *H NMR (300
MHz, CDCls) 6: 3.75 (s, 3H), 2.64 (t, J = 7.8 Hz, 2H), 2.41 (s, 3H), 1.70 (quint, J = 7.8 Hz, 2H), 1.39
(sext, J = 7.2 Hz, 2H), 0.93 (t, J = 7.2 Hz, 3H); *C NMR (75 MHz, CDCls) &: 163.1, 152.0, 34.7,
30.5,27.8,22.4,13.7, 11.7; HRMS (ESI) m/z: [M + H]* Calcd for CsH1sN3 154.1339; Found 154.1341.

1,5-Dimethyl-3-(2-phenylethyl)-1H-1,2,4-triazole (7ua). 19.6 mg, 49% vyield; Reaction time: 17.5
h; Purification by preparative TLC (CHCI; : MeOH =50 : 1); A yellow oil; IR (neat): 1515 cm™; tH
NMR (300 MHz, CDCls) &: 7.32-7.16 (m, 5H), 3.74 (s, 3H), 3.08-3.01 (m, 2H), 2.98-2.91 (m, 2H),
2.42 (s, 3H); *C NMR (75 MHz, CDCl;) &: 162.2, 152.2, 141.4, 128.3, 128.2, 125.9, 34.8, 34.6, 30.2,
11.7; HRMS (ESI) m/z: [M + H]* Calcd for C12H16N3 202.1339; Found 202.1338.

1,5-Dimethyl-3-(1-phenylethyl)-1H-1,2,4-triazole (7va). 21.0 mg, 52% vyield; Reaction time: 17.5
h; Purification by preparative TLC (CHCI; : MeOH =50 : 1); A yellow oil; IR (neat): 1508 cm; tH
NMR (300 MHz, CDCls) 6: 7.37-7.26 (m, 4H), 7.18 (t, J = 7.2 Hz, 1H), 4.19(q, J = 7.2 Hz, 1H), 3.74
(s, 3H), 2.38 (s, 3H), 1.67 (d, J = 7.5Hz, 3H); *C NMR (75 MHz, CDCls) &: 165.6, 152.2, 144.3,
128.4,127.4,126.3, 39.4, 34.9, 20.7, 11.9; HRMS (ESI) m/z: [M + H]* Calcd for C12H1sN3 202.1339;
Found 202.1338.
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2,2-Diethylhydrazinecarboxylic acid 1,1-dimethylethyl ester (65a) [Scheme 37]. To a solution of
carbazic acid tert-butyl ester (64) (4.0 g, 30 mmol) in acetonitrile were added iodoethane (6.1 mL, 75
mmol) and DIPEA (16 mL, 90 mmol) at room temperature. After being stirred at reflux for 6.0 h, the
reaction mixture was concentrated under reduced pressure. The crude product was purified by flash
column chromatography (hexane : EtOAc = 2 : 1) to afford the 2,2-diethylhydrazine 65a (4.60 g,
82%) as a white solid; Mp: 53-57 °C (hexane); IR (KBr) 3240, 1712 cm™; *H NMR (400 MHz, CDCls)
8:5.23 (brs, 1H), 2.72 (q, J = 7.2 Hz, 4H), 1.46 (s, 9H), 1.09 (t, J = 7.2 Hz, 6H); *C NMR (100 MHz,
CDCls) 8: 155.2, 79.3, 51.9, 28.2, 11.8; HRMS (ESI) m/z: [M + Na]* Calcd for CoH200,N2Na
211.1417; Found 211.1416.

(E)-Benzaldehyde 2,2-diethylhydrazone (6w) [Scheme 37]. To a solution of 2,2-diethylhydrazine
65a (1.9 g, 10 mmol) in CH2Cl; (20 mL) was added trifluoroacetic acid (5.0 mL) at room temperature.
After being stirred for 1.5 h, the reaction mixture was concentrated under reduced pressure. The crude
product 66a dissolved in MeOH (20 mL) and then added benzaldehyde (50a) (1.0 mL, 10 mmol),
pyridine (1.2 mL, 15 mmol) at room temperature. After being stirred for 1.0 h, the reaction mixture
was concentrated under reduced pressure. The residue was dissolved in EtOAc (20 mL) and washed
with 1 M HCI ag. (10 mL), sat. NaHCOs3 ag. (10 mL), brine (10 mL). The organic phase was dried
over MgSQO, and concentrated under reduced pressure. The crude product was purified by flash
column chromatography (hexane : EtOAc = 10 : 1) to afford the hydrazone 6w (585 mg, 33%, 2 steps)
as a yellow oil; IR (neat): 1559 cm™; *H NMR (400 MHz, CDCl3) &: 7.54 (d, J = 7.6 Hz, 2H), 7.30 (t,
J=7.6 Hz, 2H), 7.28 (s, 1H), 7.18 (t, J = 7.6 Hz, 1H) 3.35 (q, J = 7.2 Hz, 4H), 1.17 (t, J = 7.2 Hz,
6H); *C NMR (100 MHz, CDCl3) : 137.4, 130.1, 128.3, 126.7, 125.2, 46.6, 11.7; HRMS (ESI) m/z:
[M + H]* Calcd for C11H17N, 177.1386; Found 177.1384.

2,2-Dihexylhydrazinecarboxylic acid 1,1-dimethylethyl ester (65b) [Scheme 37]. To a solution of
carbazic acid tert-butyl ester (64) (4.0 g, 30 mmol) in acetonitrile (30 mL) were added 1-iodohexane
(15 mL, 105 mmol) and DIPEA (16 mL, 90 mmol) at room temperature. After being stirred at reflux
for 6.0 h, the reaction mixture was concentrated under reduced pressure. The crude product was
purified by flash column chromatography (hexane : EtOAc = 10 : 1) to afford the 2,2-
dihexylhydrazine 65b (7.96 g, 88%) as a white solid; Mp: 30-32 °C; IR (KBr): 3230, 1699 cm™'; 'H
NMR (400 MHz, CDCl3) 6: 5.22 (br s, 1H), 2.64 (br m, 4H), 1.48-1.22 (m, 25H), 0.88 (t, /= 7.2 Hz,
6H); *C NMR (100 MHz, CDCl;) &: 155.1, 79.4, 58.3, 31.7, 28.3, 26.9, 26.8, 22.6, 14.0; HRMS
(ESI) m/z: [M + Na]" Calcd for Ci7H3602N2Na 323.2669; Found 323.2668.
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(E)-Benzaldehyde 2,2-dihexylhydrazone (6x) [Scheme 37]. To a solution of 2,2-dihexylhydrazine
65b (3.0 g, 10 mmol) in CH,Cl, (20 mL) was added trifluoroacetic acid (5.0 mL) at room temperature.
After being stirred for 3.0 h, the reaction mixture was concentrated under reduced pressure. The crude
product 66b dissolved in MeOH (20 mL) and then added benzaldehyde (50a) (683 pL, 6.7 mmol)
and pyridine (1.6 mL, 20 mmol) at room temperature. After being stirred for 3.0 h, the reaction
mixture was concentrated under reduced pressure. The residue was dissolved in EtOAc (20 mL) and
washed with 1 M HCI aq. (10 mL), sat. NaHCOs3 aq. (10 mL), brine (10 mL). The organic phase was
dried over MgSO, and concentrated under reduced pressure. The crude product was purified by flash
column chromatography (hexane : Et2O =20 : 1) to afford the hydrazone 6x (1.75 g, 90%, 2 steps) as
a yellow oil; IR (neat): 1560 cm™'; "TH NMR (400 MHz, CDCls) 8: 7.52 (d, J = 7.2 Hz, 2H), 7.29 (t, J
=7.6 Hz, 2H), 7.19 (s, 1H), 7.15 (t, J = 7.2 Hz, 1H), 3.26 (br m, 4H), 1.59 (br quint, J = 7.2 Hz, 4H),
1.35-1.30 (m, 12H), 0.90 (t, J = 6.8 Hz, 6H); *C NMR (100 MHz, CDCls) &: 137.7, 128.5, 128.3,
126.4, 125.1, 53.5, 31.7, 26.9, 26.8, 22.6, 14.0, HRMS (ESI) m/z: [M + H]" Calcd for Ci9H33N,
289.2638; Found 289.2636.

Preparation of hydrazone 6y [Scheme 38]. To a suspension of 2-hydrazinoethanol (67) (850 puL, 10
mmol) in CH>Cl, (10 mL) was added ethylene oxide (68) (1.0 M in CH>Cl,, 10 mL, 10 mmol) at
room temperature. The reaction mixture was stirred at reflux. After being stirred for 15 h, the reaction
mixture was concentrated under reduced pressure. The crude product 69 dissolved in MeOH (16 mL)
and then added benzaldehyde (50a) (790 pL, 7.8 mmol) at room temperature. After being stirred for
2.0 h, the reaction mixture was concentrated under reduced pressure. The crude product 70 was used

without the further purification.

(E)-2,2-Dimethylpropanoic acid 1,1°-(2-benzylidenenaminimino)bis(2,1-ethanediyl) ester (6y)
[Scheme 38]. To a suspension of hydrazone 70 in CH,Cl, (18 mL) were slowly added pyridine (2.4
mL, 30 mmol), DMAP (220 mg, 1.8 mmol) and pivaloyl chloride (3.2 mL, 26 mmol) at 0 °C and then
stirred at the same temperature. After being stirred for 1.0 h, pivaloyl chloride (2.2 mL, 18 mmol)
was slowly added to the reaction mixture. After additional 30 min, the reaction mixture was quenched
with H,O (10 mL) and extracted with CHCI3 (20 mL x 3). The organic phase was dried over MgSO4
and concentrated under reduced pressure. The crude product was dissolved in CHCI3z (20 mL) and
basified by 1 M NaOH ag. (20 mL) and then extracted with CHCI3 (20 mL x 2). The organic phase
was dried over MgSO., and concentrated under reduced pressure. The crude product was purified by
flash column chromatography (hexane : EtOAc = 20 : 1) to afford the hydrazone 6y (1.31 g, 44%, 3
steps) as a yellow oil; IR (neat): 1744, 1563 cm™; *H NMR (300 MHz, CDCls) 8: 7.54 (d, J = 7.2 Hz,
2H), 7.37 (s, 1H), 7.31 (t, J = 7.5 Hz, 2H), 7.23-7.18 (m, 1H), 4.28 (t, J = 6.0 Hz, 4H), 3.63 (t, J = 6.0
Hz, 4H), 1.20 (s, 18H); 3C NMR (75 MHz, CDCl3) 5: 178.4, 136.6, 130.9, 128.4, 127.3, 125.5, 61.7,
52.6, 38.7, 27.2; HRMS (ESI) m/z: [M + Na]* Calcd for C21H3,04N2Na 399.2254; Found 399.2248.
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Preparation of hydrazone 6z [Scheme 39]. Diisopropylamine 71 (2.8 mL, 20 mmol) was added to
conc. HCI (2.0 mL, 24 mmol) at 0 °C. Then, to the resulting mixture was added NaNO> (1.7 g, 25
mmol) in H20 (4.0 mL) at the same temperature and stirred at room temperature. After being stirred
for 30 min, the reaction mixture was diluted with Et,O (20 mL) and extracted with Et,O (20 mL x 3).
The organic phase was washed with brine (10 mL) and dried over MgSO. and concentrated under
reduced pressure. The residue was dissolved in 4 M HCI aqg. (59 mL) and Zn powder (1.6 g, 25 mmol)
was added at room temperature. After being stirred at the same temperature for 4.0 h, Zn powder (8.0
g, 125 mmol) was added and then stirred for 30 min. The reaction mixture was filtered through celite.
Then, the filtrate was basified with 4 M NaOH ag. (60 mL) and extracted with CHCl3 (50 mL x 3).
The organic phase was dried over MgSO. and concentrated under reduced pressure. The crude
product 73 was used without the further purification.

(E)-Benzaldehyde 2,2-di(1-methylethyl)hydrazone (6z) [Scheme 39]. To a solution of
benzaldehyde (50a) (1.4 mL, 14 mmol) in MeOH (28 mL) was added 2,2-diisopropylhydrazine (73)
(2.0 g, 17 mmol) at room temperature. After being stirred for 1.0 h, AcOH (81 uL, 1.4 mmol) was
added and then stirred for 2.5 h. The reaction mixture was concentrated under reduced pressure. The
crude product was purified by flash column chromatography (hexane : EtOAc = 40 : 1) to afford the
hydrazone 6z (1.77 g, 61%, 3 steps) as a yellow oil; IR (neat): 1558 cm*; *H NMR (400 MHz, CDCls)
d:7.54(d,J=7.6 Hz, 2H), 7.28 (t, J = 7.6 Hz, 2H), 7.23 (s, 1H), 7.12 (t, J = 7.2 Hz, 1H), 3.89 (sept,
J=6.4Hz, 2H), 1.21 (d, J = 6.4 Hz, 12H); *C NMR (100 MHz, CDCls) &: 138.6, 128.3, 126.0, 125.9,
124.7, 47.4, 21.0; HRMS (ESI) m/z: [M + H]* Calcd for C13H2:1N2 205.1699; Found 205.1700.

General procedure for formal [3+2]-cycloaddition of N,N-dialkylhydrazones with acetonitrile
[Scheme 40]. To a solution of hydrazones 6w-6z (0.20 mmol) in dry acetonitrile (4.0 mL) were added
NCS (40 mg, 0.30 mmol) and BFs;*OEt; (76 pL, 0.60 mmol). The reaction mixture was stirred at
reflux in the dark. After being stirred for several hours, the reaction mixture was basified with 1 M
NaOH ag. (4.0 mL) and extracted with CHCI; (10 mL x 3). The organic phase was dried over MgSO4
and concentrated under reduced pressure. The crude product was purified by preparative TLC to
afford the corresponding triazoles 7wa-7za.

1-Ethyl-5-methyl-3-phenyl-1H-1,2 4-triazole (7wa). 24.0 mg, 64% yield; Reaction time: 15.5 h;
Purification by preparative TLC (CHCI; : MeOH =50 : 1); A yellow oil; IR (neat): 1518 cm’; H
NMR (500 MHz, CDCls) &: 8.05 (d, J = 9.0 Hz, 2H), 7.43-7.34 (m, 3H), 4.14 (g, J = 9.0 Hz, 2H),
2.50 (s, 3H), 1.48 (t, J = 9.0 Hz, 3H); *C NMR (125 MHz, CDCls) &: 160.6, 151.9, 131.2, 128.8,
128.5, 126.1, 43.4, 15.1, 11.8; HRMS (ESI) m/z: [M + H]" Calcd for C1:H14N3; 188.1182; Found
188.1177.

78



1-Hexyl-5-methyl-3-phenyl-1H-1,2,4-triazole (7xa). 28.3 mg, 58% vyield; Reaction time: 17 h;
Purification by preparative TLC (CHCl; : MeOH =50 : 1); A yellow oil; IR (neat): 1518 cm?; tH
NMR (500 MHz, CDCls) 6: 8.06 (d, J = 8.0 Hz, 2H), 7.42-7.34 (m, 3H), 4.06 (t, J = 7.0 Hz, 2H), 2.49
(s, 3H), 1.87 (quint, J = 7.0 Hz, 2H), 1.33 (m, 6H), 0.88 (t, J = 7.0 Hz, 3H); *C NMR (125 MHz,
CDCls) 8: 160.5, 152.3, 131.2, 128.8, 128.4, 126.1, 48.5, 31.3, 29.8, 26.2, 22.4, 13.9, 11.9; HRMS
(ESI) m/z: [M + H]* Calcd for C1sH22N3 244.1808; Found 244.1812.

2,2-Dimethylpropionic acid 2-(5-methyl-3-phenyl-1H-1,2,4-triazol-1-yl)ethyl ester (7ya). 34.7
mg, 60% yield; Reaction time: 17 h; Purification by preparative TLC (CHCI; : MeOH =50: 1); A
yellow oil; IR (neat): 1731, 1518 cm™; *H NMR (300 MHz, CDCls) &: 8.06 (d, J=8.1 Hz, 2H), 7.45-
7.37 (m, 3H), 4.47 (t, J = 5.4 Hz, 2H), 4.35 (t, J = 5.4 Hz, 2H), 2.53 (s, 3H), 1.14 (s, 9H); °C NMR
(75 MHz, CDCls) &: 178.1, 161.0, 153.2, 130.9, 129.0, 128.4, 126.0, 62.4, 47.0, 38.6, 27.0, 11.9;
HRMS (ESI) m/z: [M + Na]* Calcd for C16H2102N3sNa 310.1526; Found 310.1523.

5-Methyl-1-(1-methylethyl)-3-phenyl-1H-1,2,4-triazole (7za). 21.3 mg, 53% yield; Reaction time:
22 h; Purification by preparative TLC (CHCI; : MeOH =50 : 1); A yellow oil; IR (neat): 1512 cm™;
'H NMR (300 MHz, CDCl5) 6: 8.07 (d, J = 8.1 Hz, 2H), 7.44-7.31 (m, 3H), 4.45 (sept, J = 6.6 Hz,
1H), 2.48 (s, 3H), 1.52 (d, J = 6.6 Hz, 6H); *C NMR (75 MHz, CDCl3) 8: 160.3, 151.1, 131.5, 128.6,
128.4, 126.0, 50.0, 22.3, 11.9; HRMS (ESI) m/z: [M + H]* Calcd for Ci2H16N3 202.1339; Found
202.1339.

General procedure for formal [3+2]-cycloaddition of N,N-dimethylhydrazones with nitriles
[Scheme 41]. To a solution of hydrazone 6a (30 mg, 0.20 mmol) in dry nitriles (4.0 mL) were added
NCS (40 mg, 0.30 mmol) and BF3;*OEt; (76 pL, 0.60 mmol). The reaction mixture was stirred at
reflux in the dark. After being stirred for several hours, the reaction mixture was basified with 1 M
NaOH ag. (4.0 mL) and extracted with CHCI; (10 mL x 3). The organic phase was dried over MgSO4
and concentrated under reduced pressure. The crude product was purified by preparative TLC to
afford the corresponding triazoles 7ab-7ai.

5-Ethyl-1-methyl-3-phenyl-1H-1,2 4-triazole (7ab). Propionitrile (4.0 mL) was used. 28.6 mg, 76%
yield; Reaction time: 21 h; Purification by preparative TLC (CHCI3z : MeOH =50 : 1); A yellow oil;
IR (neat): 1518 cm™; *H NMR (300 MHz, CDCls) &: 8.06 (d, J = 8.1 Hz, 2H), 7.44-7.33 (m, 3H),
3.84 (s, 3H), 2.80 (q, J = 7.5 Hz, 2H), 1.38 (t, J = 7.5 Hz, 3H); 3C NMR (125 MHz, CDCls) §: 160.5,
157.5, 131.2, 128.8, 128.4, 126.1, 35.0, 19.4, 12.0; HRMS (ESI) m/z: [M + H]* Calcd for C11H14N3
188.1182; Found 188.1185.

79



5-Butyl-1-methyl-3-phenyl-1H-1,2,4-triazole (7ac). Valeronitrile (4.0 mL) was used. 34.0 mg, 79%
yield; Reaction time: 19.5 h; Purification by preparative TLC (CHCI; : MeOH =50 : 1); A yellow
oil; IR (neat): 1518 cm™; *H NMR (300 MHz, CDCls) &: 8.05 (d, J = 8.1 Hz, 2H), 7.44-7.35 (m, 3H),
3.83 (s, 3H), 2.76 (t, J = 7.8 Hz, 2H), 1.76 (quint, J = 7.8 Hz, 2H), 1.44 (sext, J = 7.5 Hz, 2H), 0.96
(t,J=7.5Hz, 3H); *C NMR (75 MHz, CDCls) 5: 160.5, 156.7, 131.1, 128.8, 128.4, 126.0, 35.0, 29.8,
25.7,22.4, 13.7; HRMS (ESI) m/z: [M + H]" Calcd for C13H1sN3 216.1495; Found 216.1495.

1-Methyl-5-(2-methylpropyl)-3-phenyl-1H-1,2,4-triazole (7ad). Isovaleronitrile (4.0 mL) was
used. 31.7 mg, 74% yield; Reaction time: 18.5 h; Purification by preparative TLC (CHCI; : MeOH =
50 : 1); A yellow oil; IR (neat): 1518 cm*; *H NMR (300 MHz, CDCls) &: 8.06 (d, J = 7.8 Hz, 2H),
7.45-7.36 (m, 3H), 3.84 (s, 3H), 2.65 (d, J = 7.5 Hz, 2H), 2.19 (sept, J = 6.9 Hz, 1H), 1.00 (d, J = 6.9
Hz, 6H); *C NMR (75 MHz, CDCl3) &: 160.5, 156.0, 131.1, 128.8, 128.4, 126.0, 35.2, 34.7, 28.3,
22.3; HRMS (ESI) m/z: [M + H]* Calcd for C13H1sN3 216.1495; Found 216.1495.

1-Methyl-5-(1-methylethyl)-3-phenyl-1H-1,2,4-triazole (7ae). Isobutyronitrile (4.0 mL) was used.
33.1 mg, 82% vyield; Reaction time: 15.5 h; Purification by preparative TLC (CHCI; : MeOH =50 :
1); A yellow oil; IR (neat): 1513 cm™; *H NMR (300 MHz, CDCls) &: 8.06 (d, J = 8.1 Hz, 2H), 7.44-
7.32 (m, 3H), 3.85 (s, 3H), 3.09 (sept, J = 6.9 Hz, 1H), 1.39 (d, J = 6.9 Hz, 6H); *C NMR (75 MHz,
CDCls) 6: 161.1, 160.5, 131.3, 128.7, 128.4, 126.2, 34.9, 25.8, 20.9; HRMS (ESI) m/z: [M + H]*
Calcd for C12H16N3 202.1339; Found 202.1339.

5-Cyclopropyl-1-methyl-3-phenyl-1H-1,2,4-triazole (7af). Cyclopropyl cyanide (4.0 mL) was used.
29.5 mg, 74% yield; Reaction time: 16 h; Purification by preparative TLC (CHCI; : MeOH =50: 1);
A yellow oil; IR (neat): 1540 cm*; *H NMR (300 MHz, CDCl3) &: 8.02 (d, J = 8.1 Hz, 2H), 7.42-7.34
(m, 3H), 3.92 (s, 3H), 1.89-1.80 (m, 1H), 1.18-1.04 (m, 4H); *C NMR (75 MHz, CDCls) &: 160.3,
158.0, 131.2, 128.7, 128.4, 126.1, 34.8, 7.9, 6.2; HRMS (ESI) m/z: [M + H]* Calcd for C12H14N3
200.1182; Found 200.1184.

5-Cyclohexyl-1-methyl-3-phenyl-1H-1,2 4-triazole (7ag). Cyclohexanecarbonitrile (4.0 mL) was
used. 34.7 mg, 72% yield; Reaction time: 16 h; Purification by preparative TLC (CHCIs : MeOH =
50 : 1); A yellow oil; IR (neat): 1500 cm*; *H NMR (300 MHz, CDCls) 6: 8.06 (d, J = 8.4 Hz, 2H),
7.43-7.32 (m, 3H), 3.85 (s, 3H), 2.78-2.68 (tt, J = 11.7, 3.3 Hz, 1H), 1.94-1.89 (m, 4H), 1.80-1.67 (m,
3H), 1.43-1.31 (m, 3H); °C NMR (75 MHz, CDCls) 3: 160.5, 160.3, 131.3, 128.7, 128.4, 126.1, 35 .4,
34.9, 31.0, 26.0, 25.5; HRMS (ESI) m/z: [M + H]* Calcd for C1sH20N3 242.1652; Found 242.1651.

3,5-Diphenyl-1-methyl-1H-1,2 4-triazole (7ah). Benzonitrile (4.0 mL) was used. 41.7 mg, 89%
yield; Reaction time: 16 h; Purification by Biotage Isolera One using Biotage SNAP KP-Sil 259
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(hexane : EtOAc =17 : 1to 5 : 2); A white solid; Mp: 80-81 °C (hexane/Et,0); IR (KBr): 1473 cm™;
'H NMR (500 MHz, CDCls) §: 8.15 (d, J = 8.0 Hz, 2H), 7.72 (d, J = 8.0 Hz, 2H), 7.51-7.50 (m, 3H),
7.45-7.38 (m, 3H), 3.99 (s, 3H); *C NMR (125 MHz, CDCls) &: 161.1, 155.6, 131.0, 130.0, 129.0,
128.8, 128.7, 128.5, 128.0, 126.3, 36.9; HRMS (ESI) m/z: [M + H]* Calcd for C1sH14N3 236.1182;
Found 236.1182.

5-(4-Fluorophenyl)-1-methyl-3-phenyl-1H-1,2,4-triazole (7ai). 4-Fluorobenzonitrile (4.0 mL) was
used. 32.2 mg, 64% vyield; Reaction time: 19.5 h; Purification by Biotage Isolera One using Biotage
SNAP KP-Sil 100g (hexane : EtOAc = 17 : 1to 3: 2); A yellow solid; Mp: 107-111 °C (hexane); IR
(KBr): 1608 cm; *H NMR (300 MHz, CDCls) &: 8.14 (d, J = 8.4 Hz, 2H), 7.72 (dd, J = 9.0, 5.4 Hz,
2H), 7.47-7.39 (m, 3H), 7.21 (t, J = 8.4 Hz, 2H), 3.99 (s, 3H); *C NMR (75 MHz, CDCl;) &: 165.3
(C-F, Ncr = 249.5 Hz), 162.0 (C-F, Nc.r = 249.5 Hz), 161.1, 154.7, 130.8 (C-F, 3Jc. = 8.6 Hz), 130.7
(C-F, 3Jcr = 8.6 Hz), 129.1, 128.5, 126.2, 124.2 (C-F, *Jcr = 3.5 Hz), 124.1 (C-F, “Jcr = 3.5 Hz),
116.2 (C-F, 2Jc.r = 21.8 Hz), 115.9 (C-F, ZJcr = 21.8 Hz), 36.9; HRMS (ESI) m/z: [M + H]* Calcd
for C1sH13NsF 254.1088; Found 254.1088.

Scale-up synthesis of 7aa [Scheme 43, eq 1]. To a solution of hydrazones 6a (1.0 g, 6.8 mmol) in
dry acetonitrile (68 mL) were added NCS (1.4 g, 10 mmol) and BF3*OEt; (2.6 mL, 20 mmol) in the
dark. The reaction mixture was stirred at reflux in the dark. After being stirred for 19 h, the reaction
mixture was basified with 1 M NaOH ag. (25 mL) and extracted with CHCI; (50 mL x 3). The organic
phase was dried over MgSO. and concentrated under reduced pressure. The crude product was
purified by flash column chromatography (Yamazen Smart Flash EPCLC-AI-580S using
ULTRAPACK SI-40B) (CHCI; to CHCI;s : MeOH = 97 : 3) to afford the triazole 7aa (993 mg, 80%)
as a white solid.

a,3-Diphenyl-1-methyl-1H-1,2 4-triazole-5-ethanol (10) [Scheme 43, eq 2]. To a solution of
triazole 7aa (35 mg, 0.20 mmol) in dry THF (2.0 mL) was slowly added n-BuLi (1.6 M in hexane,
188 uL, 0.30 mmol) at room temperature under argon atmosphere. The reaction mixture was stirred
at the same temperature for 1.0 h. Subsequently, benzaldehyde (50a) (30 pL, 0.30 mmol) was slowly
added at the same temperature. The reaction mixture was stirred for 2.5 h. The reaction mixture was
guenched with sat. NH4Cl ag. (4.0 mL) and extracted with Et,O (10 mL x 3). The organic phase was
dried over MgSQO, and concentrated under reduced pressure. The crude product was purified by flash
column chromatography (Biotage Isolera One using Biotage SNAP KP-Sil 25g) (hexane : EtOAc =
7:1to1:9) to afford the alcohol 10 (31.8 mg, 57%) as a white solid; Mp: 161 °C (decomposed)
(hexane/EtOAC); IR (KBr): 3152, 1492 cm*; *H NMR (300 MHz, CDCls) 6: 8.05 (d, J = 8.1 Hz, 2H),
7.45-7.27 (m, 8H), 5.23 (t, J = 6.6 Hz, 1H), 4.89 (br s, 1H), 3.64 (s, 3H), 3.06 (d, J = 6.6 Hz, 2H); 1*C
NMR (75 MHz, CDCls) 3: 160.4, 154.0, 142.8, 130.6, 129.1, 128.6, 128.5, 127.8, 126.1, 125.5, 71.6,
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35.5, 35.0; HRMS (ESI) m/z: [M + H]* Calcd for C17H1sON3 280.1444; Found 280.1444.

2-[5-(2-Acetoxyphenyl)-1-methyl-1H-1,2 4-triazol-3-yl]-1,3-benzenediol ~ 1,3-diacetate  (11)
[Scheme 43, eq 3]. To a solution of triazole 7ah (47 mg, 0.20 mmol) in AcOH (2.0 mL) and Ac,0O
(2.0 mL) were added Pd(OAc). (4.5 mg, 0.020 mmol) and PIDA (644 mg, 2.0 mmol). The reaction
mixture was stirred at 110 °C. After being stirred for 2.0 h, the reaction mixture was poured into sat.
NaHCOs aqg. (20 mL) and extracted with EtOAc (20 mL x 2). The organic phase was dried over
MgSQO, and concentrated under reduced pressure. The crude product was purified by flash column
chromatography (Biotage Isolera One using Biotage SNAP KP-Sil 25g) (hexane : EtOAc =7 : 1to
1: 16) to afford the triacetoxylated triazole 11 (44.3 mg, 54%) as a yellow oil; IR (neat): 1769, 1462
cm*; *H NMR (600 MHz, CDCls) &: 7.56 (t, J = 7.8 Hz, 1H), 7.49 (d, J = 7.8 Hz, 1H), 7.42 (t, J =
7.8 Hz, 1H), 7.39 (t, J = 7.8 Hz, 1H), 7.25 (d, J = 8.4 Hz, 1H), 7.08 (t, J = 8.4 Hz, 2H), 3.83 (s, 3H),
2.25 (s, 6H), 2.12 (s, 3H); 3C NMR (150 MHz, CDCls) &: 169.8, 169.1, 155.0, 151.0, 149.8, 149.0,
131.6, 130.7, 129.6, 126.1, 123.4, 121.8, 121.5, 118.2, 36.4, 21.1, 20.6; HRMS (ESI) m/z: [M + Na]*
Calcd for Co1H190sN3sNa 432.1166; Found 432.1162.
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(2E, 4E)-4-[-2-(4-Methoxyphenyl)hydrazono]-2-butenoic acid ethyl ester (13a) [Scheme 50]. To
a solution of (2E)-4-oxo-2-butenoic acid ethyl ester (100) (5.0 g, 39 mmol) in EtOH (100 mL) were
added sodium acetate (3.4 g, 41 mmol) and 4-methoxyphenylhydrazine hydrochloride (101a) (7.0 g,
41 mmol) at room temperature. After the mixture stirred at same temperature for 2.0 h, the reaction
mixture was concentrated under reduced pressure. The crude product was purified by recrystallization
from EtOH to afford the a,B-unsaturated hydrazone 13a (9.39 g, 97%) as a yellow solid. The spectral

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

Self-condensation of a,p-unsaturated hydrazone 13a [Table 6, entry 1]. To a solution of 13a (50
mg, 0.20 mmol) in acetonitrile (2.0 mL) was added trifluoroacetic acid (46 pL, 0.60 mmol) at room
temperature. After being stirred at reflux for 2.0 h, the reaction mixture was quenched with saturated
aqueous NaHCOs (5.0 mL) and extracted with CHCI3 (30 mL % 3). The organic phase was dried over
MgSO4 and concentrated under reduced pressure. The crude product was purified by preparative TLC

(hexane : EtOAc =2 : 1) to afford the pyrazole 14a (8.2 mg, 23%) as a yellow oil.

(E)-3-[4-(2-Ethoxy-2-oxoethyl)-1-(4-methoxyphenyl)-1H-pyrazol-3-yl]-2-propenoic acid ethyl
ester (14a). IR (neat): 1738, 1710 cm*; *H NMR (500 MHz, CDCls) &: 7.89 (s, 1H), 7.68 (d, J = 16.0
Hz, 1H), 7.60 (d, J = 9.0 Hz, 2H), 6.96 (d, J = 9.0 Hz, 2H), 6.67 (d, J = 16.0 Hz, 1H), 4.26 (9, J=7.0
Hz, 2H), 4.20 (g, J = 7.0 Hz, 2H), 3.84 (s, 3H), 3.65 (s, 2H), 1.33 (t, J= 7.0 Hz, 3H), 1.29 (t, J = 7.0
Hz, 3H); *C NMR (125 MHz, CDCl3) 8: 170.7, 167.1, 158.6, 146.4, 134.1, 133.4,127.9, 120.7, 119.4,
115.7,114.5,61.2, 60.4, 55.6, 29.9, 14.3, 14.1; HRMS (ESI) m/z: [M + Na]* Calcd for C19H2,N-OsNa
381.1421; Found 381.1421.

[Table 6, entry 2]. To a solution of 13a (50 mg, 0.20 mmol) in acetonitrile (2.0 mL) was added
hydrochloride (4.0 M in dioxane, 150 pL, 0.60 mmol) at room temperature. After being stirred at
reflux for 30 min, the reaction mixture was quenched with saturated aqueous NaHCO3 (5.0 mL) and
extracted with CHCl; (30 mL x 3). The organic phase was dried over MgSO4 and concentrated under
reduced pressure. The crude product was purified by preparative TLC (hexane : EtOAc =2 : 1) to
afford the pyrazole 14a (18.1 mg, 51%).

[Table 6, entry 3]. To a solution of 13a (50 mg, 0.20 mmol) in acetonitrile (2.0 mL) was added conc.
sulfuric acid (32 pL, 0.60 mmol) at room temperature. After being stirred at reflux for 30 min, the
reaction mixture was quenched with saturated aqueous NaHCOj3 (5.0 mL) and extracted with CHCl3

(30 mL x 3). The organic phase was dried over MgSO, and concentrated under reduced pressure. The
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crude product was purified by preparative TLC (hexane : EtOAc = 2 : 1) to afford the pyrazole 14a
(10.0 mg, 28%).

[Table 6, entry 4]. To a solution of 13a (50 mg, 0.20 mmol) in acetonitrile (2.0 mL) was added
diphenyl phosphate (150 mg, 0.60 mmol) at room temperature. After being stirred at reflux for 30
min, the reaction mixture was quenched with saturated aqueous NaHCOs3 (5.0 mL) and extracted with
CHCI; (30 mL x 3). The organic phase was dried over MgSO4 and concentrated under reduced
pressure. The crude product was purified by preparative TLC (hexane : EtOAc =2 : 1) to afford the
pyrazole 14a (13.8 mg, 39%).

[Table 6, entry 6]. To a solution of 13a (50 mg, 0.20 mmol) in acetonitrile (2.0 mL) was added p-
toluenesulfonic acid monohydrate (114 mg, 0.60 mmol) at room temperature. After being stirred at
reflux for 30 min, the reaction mixture was quenched with saturated aqueous NaHCO3 (5.0 mL) and
extracted with CHCIl3 (30 mL x 3). The organic phase was dried over MgSO,4 and concentrated under
reduced pressure. The crude product was purified by preparative TLC (hexane : EtOAc =1 :1) to
afford the pyrazole 14a (17.9 mg, 50%).

[Table 6, entry 7]. To a solution of 13a (50 mg, 0.20 mmol) in acetonitrile (2.0 mL) was added
methanesulfonic acid (39 pL, 0.60 mmol) at room temperature. After being stirred at reflux for 45
min, the reaction mixture was quenched with saturated aqueous NaHCO3 (5.0 mL) and extracted with
CHCl; (30 mL x 3). The organic phase was dried over MgSO4 and concentrated under reduced
pressure. The crude product was purified by preparative TLC (hexane : EtOAc =1 : 1) to afford the
pyrazole 14a (22.2 mg, 62%).

Self-condensation of a,p-unsaturated hydrazone 13a [Table 7, entry 1]. To a solution of 13a (50
mg, 0.20 mmol) in acetonitrile (2.0 mL) was added methanesulfonic acid (39 pL, 0.60 mmol) at room
temperature. After being stirred at same temperature for 20 h, the reaction mixture was quenched with
saturated aqueous NaHCO3 (5.0 mL) and extracted with CHCI3 (30 mL x 3). The organic phase was
dried over MgSO4 and concentrated under reduced pressure. The crude product was purified by
preparative TLC (hexane : EtOAc =1 : 1) to afford the pyrazole 14a (25.5 mg, 71%).

[Table 7, entry 2]. To a solution of 13a (50 mg, 0.20 mmol) in THF (2.0 mL) was added
methanesulfonic acid (39 pL, 0.60 mmol) at room temperature. After being stirred at same
temperature for 5.0 h, the reaction mixture was quenched with saturated aqueous NaHCOs3 (5.0 mL)
and extracted with CHCl; (30 mL x 3). The organic phase was dried over MgSOj4 and concentrated
under reduced pressure. The crude product was purified by preparative TLC (CHCls : MeOH = 100 :
1) to afford the pyrazole 14a (8.0 mg, 22%).
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[Table 7, entry 3]. To a solution of 13a (50 mg, 0.20 mmol) in toluene (2.0 mL) was added
methanesulfonic acid (39 pL, 0.60 mmol) at room temperature. After being stirred at same
temperature for 30 min, the reaction mixture was quenched with saturated aqueous NaHCO; (5.0 mL)
and extracted with CHCl3 (30 mL x 3). The organic phase was dried over MgSO4 and concentrated
under reduced pressure. The crude product was purified by preparative TLC (CHCl3 : MeOH = 100 :
1) to afford the pyrazole 14a (17.4 mg, 49%).

[Table 7, entry 4]. To a solution of 13a (50 mg, 0.20 mmol) in CH>Cl, (2.0 mL) was added
methanesulfonic acid (39 pL, 0.60 mmol) at room temperature. After being stirred at same
temperature for 1.0 h, the reaction mixture was quenched with saturated aqueous NaHCOj3 (5.0 mL)
and extracted with CHCl3 (30 mL x 3). The organic phase was dried over MgSO4 and concentrated
under reduced pressure. The crude product was purified by preparative TLC (hexane : EtOAc=1:1)
to afford the pyrazole 14a (26.7 mg, 74%).

[Table 7, entry 5]. To a solution of 13a (50 mg, 0.20 mmol) in CH>Cl, (2.0 mL) was added
methanesulfonic acid (26 pL, 0.40 mmol) at room temperature. After being stirred at same
temperature for 1.0 h, the reaction mixture was quenched with saturated aqueous NaHCOj3 (5.0 mL)
and extracted with CHCl; (30 mL X 3). The organic phase was dried over MgSO4 and concentrated
under reduced pressure. The crude product was purified by preparative TLC (hexane : EtOAc=1:1)
to afford the pyrazole 14a (32.8 mg, 92%).

[Table 7, entry 6]. To a solution of 13a (50 mg, 0.20 mmol) in CH>Cl, (1.0 mL) was added
methanesulfonic acid (13 pL, 0.20 mmol) at room temperature. After being stirred at same
temperature for 1.0 h, the reaction mixture was quenched with saturated aqueous NaHCOs3 (5.0 mL)
and extracted with CHCl; (30 mL X 3). The organic phase was dried over MgSOj4 and concentrated
under reduced pressure. The crude product was purified by preparative TLC (hexane : EtOAc=1:1)
to afford the pyrazole 14a (30.2 mg, 84%).

Scale-up synthesis of pyrazole 14a [Scheme 51]. To a solution of a,B-unsaturated hydrazone 13a
(1.00 g, 4.0 mmol) in CH>Cl, (20 mL) was added methanesulfonic acid (261 pL, 4.0 mmol) at room
temperature. After being stirred at the same temperature for 1.0 h, the reaction mixture was quenched
with saturated aqueous NaHCO; (10 mL) and extracted with CHCI3 (80 mL x 3). The organic phase
was dried over MgSO4 and concentrated under reduced pressure. The crude product was purified by
flash column chromatography (hexane : EtOAc =2 : 1) to afford the pyrazole 14a (455.2 mg, 63%)

as a yellow oil.
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Deuteration reaction for the pyrazole synthesis [Scheme 53, eq 1]. To a solution of 13a (50 mg,
0.20 mmol) in CD,Cl, (1.0 mL) was added DCIl (1.0 M in Et;O, 1.0 mL, 1.0 mmol) at room
temperature. After being stirred at same temperature for 1.0 h, the reaction mixture was quenched
with saturated aqueous NaHCO; (5.0 mL) and extracted with CHCI3 (30 mL x 3). The organic phase
was dried over MgSO, and concentrated under reduced pressure. The crude product was purified by
preparative TLC (hexane : EtOAc = 2 : 1) to afford the pyrazole 14a-d (11.9 mg, 33%) (72% D,
estimated by '"H NMR) as a yellow oil.

Detection of intermediate in the reaction mixture by ESI-HRMS [Scheme 54]. To a solution of
13a (50 mg, 0.20 mmol) in CH>Cl; (1.0 mL) was added methanesulfonic acid (13 pL, 0.20 mmol) at
room temperature. The reaction mixture was stirred at same temperature for 10 min. The ESI (+)-MS
spectrum of reaction mixture showed peaks of m/z 497.2382 which indicated the intermediate Ja, Ka
or La and m/z 359.1594 which indicated the pyrazole 14a.
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General procedure for the preparation of a,p-unsaturated hydrazones 13b-13i [Table 8]. To a
solution of (2E)-4-oxo-2-butenoic acid ethyl ester (100) (241 pL, 2.0 mmol) in EtOH (5.0 mL) were
added sodium acetate (172 mg, 2.1 mmol) and corresponding aryl hydrazine hydrochloride 101b-
101i (2.1 mmol) at room temperature. After being stirred at same temperature for 1.0 h, the reaction
mixture was concentrated under reduced pressure. The residue was dissolved in CHCls (5.0 mL) and
diluted with H>O (5.0 mL) and extracted with CHCl3 (30 mL x 3). The organic phase was dried over
MgSO4 and concentrated under reduced pressure. The crude product was purified by recrystallization
(hexane/EtOAc) to afford the a,B-unsaturated hydrazones 13e and 13i. The o,p-unsaturated
hydrazones 13b, 13¢, 13d, 13f, 13g, and 13h are already known compounds in reference 40.

(2E, 4E)-4-[-2-(4-Chlorophenyl)hydrazinylidene]-2-butenoic acid ethyl ester (13e). 352 mg,
70%; A yellow solid; Mp: 140-141 °C (hexane/EtOAc); IR (KBr): 3260, 1682 cm™; 'H NMR (300
MHz, CDCls) 6: 8.04 (br s, 1H), 7.50-7.41 (m, 2H), 7.23 (d, J = 9.0 Hz, 2H), 7.00 (d, J = 9.0 Hz, 2H),
6.03-5.94 (m, 1H), 4.23 (q, J = 7.2Hz, 2H), 1.32 (t, J = 7.2 Hz, 3H); *C NMR (75 MHz, CDCl;) &:
166.7, 141.8, 141.0, 136.1, 129.3, 126.0, 121.9, 114.3, 60.6, 14.3; HRMS (ESI) m/z: [M + H]* Calcd
for C1,H14N,0,*Cl 253.0738; Found 253.0739.

(2E, 4E)-4-[-2-(2-Methoxyphenyl)hydrazinylidene]-2-butenoic acid ethyl ester (13i). 388 mg,
78%:; An orange solid; Mp: 124-125 °C (hexane/EtOAc); IR (KBr): 3278, 1687 cm™; 'H NMR (300
MHz, CDCls) 8: 8.43 (brs, 1H), 7.51-7.41 (m, 3H), 6.98-6.81 (m, 3H), 5.99-5.91 (m, 1H), 4.22 (q, J
= 7.2 Hz, 2H), 3.85 (s, 3H), 1.31 (t, J = 7.2 Hz, 3H); *°C NMR (75 MHz, CDCls) &: 166.8, 145.3,
141.4, 136.3, 132.5, 121.5, 121.0, 120.6, 112.7, 110.1, 60.4, 55.5, 14.3; HRMS (ESI) m/z: [M + H]*
Calcd for C13H17N203 249.1234; Found 249.1236.

General procedure for self-condensation of o,f-unsaturated hydrazones [Scheme 55]. To a
solution of o,B-unsaturated hydrazones 13b-13i (0.20 mmol) in CH>Cl, (1.0 mL) was added
methanesulfonic acid (13 pL, 0.20 mmol) at room temperature. After being stirred at the same
temperature for several hours, the reaction mixture was quenched with saturated aqueous NaHCO3
(5.0 mL) and extracted with CHCI3 (30 mL x 3). The organic phase was dried over MgSO,4 and
concentrated under reduced pressure. The crude product was purified by preparative TLC to afford
the corresponding pyrazoles 14b-14i.

(E)-3-|4-(2-Ethoxy-2-oxoethyl)-1-(4-methylphenyl)-1H-pyrazol-3-yl]-2-propenoic acid ethyl
ester (14b). 21.4 mg, 63% yield; Reaction time: 1.0 h; Purification by preparative TLC (hexane :
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EtOAc =2 : 1); A yellow solid; Mp: 76-78 °C (hexane/Et,0); IR (KBr): 1732, 1703 cm™'; 'TH NMR
(300 MHz, CDCls) 5: 7.92 (s, 1H), 7.66 (d, J = 15.9 Hz, 1H), 7.56 (d, J = 8.7 Hz, 2H), 7.22 (d, J =
8.7 Hz, 2H), 6.66 (d, J=15.9 Hz, 1H), 4.25 (q,J = 7.2 Hz, 2H), 4.19 (q, /= 7.2 Hz, 2H), 3.65 (s, 2H),
238 (s, 3H), 1.33 (t, J = 7.2 Hz, 3H), 1.29 (¢, J = 7.2 Hz, 3H); '3C NMR (75 MHz, CDCls) 5: 170.5,
166.9, 146.4,137.3,136.7,133.9,129.8, 127.7, 119.5, 119.0, 115.7, 61.2, 60.4, 30.0, 21.0, 14.4, 14.2;
HRMS (ESI) m/z: [M + Na]* Calcd for C19H2N>04Na 365.1472; Found 365.1470.

(E)-3-]1-[4-(1,1-Dimethylethyl)phenyl]-4-(2-ethoxy-2-oxoethyl)-1 H-pyrazol-3-yl]-2-propenoic
acid ethyl ester (14c¢). 32.1 mg, 83% yield; Reaction time: 1.0 h; Purification by preparative TLC
(hexane : EtOAc =2 : 1); A yellow solid; Mp: 70 °C (decomposed) (hexane/Et,0); IR (KBr): 1749,
1713 em™; "TH NMR (300 MHz, CDCls) 8: 7.93 (s, 1H), 7.66 (d, J = 15.9 Hz, 1H), 7.59 (d, /= 8.7 Hz,
2H), 7.44 (d, J=8.7 Hz, 2H), 6.66 (d, J=15.9 Hz, 1H), 4.26 (q, J= 7.2 Hz, 2H), 4.19 (q, /= 7.2 Hz,
2H), 3.65 (s, 2H), 1.34 (s, 9H), 1.33 (t,J= 7.2 Hz, 3H), 1.29 (t,J= 7.2 Hz, 3H); *C NMR (75 MHz,
CDCl3) 6:170.5,166.9, 150.0, 146.4,137.1,134.0, 127.7, 126.2, 119.5, 118.8, 115.7, 61.2, 60.4, 34.6,
31.4, 30.0, 14.4, 14.2; HRMS (ESI) m/z: [M + Na]" Calcd for C»H2N>OsNa 407.1941; Found
407.1942.

(E)-3-[4-(2-Ethoxy-2-oxoethyl)-1-(4-fluorophenyl)-1H-pyrazol-3-yl]-2-propenoic  acid ethyl
ester (14d). 27.9 mg, 81% yield; Reaction time: 2.0 h; Purification by preparative TLC (hexane :
EtOAc =2 : 1); A yellow solid; Mp: 70 °C (decomposed) (hexane/Et,0); IR (KBr): 1732, 1702 cm’';
"H NMR (300 MHz, CDCls) &: 7.91 (s, 1H), 7.67-7.62 (m, 2H), 7.64 (d, J = 15.9 Hz, 1H), 7.17-7.09
(m, 2H), 6.66 (d, J = 15.9 Hz, 1H), 4.26 (q, J = 7.2 Hz, 2H), 4.19 (q, J = 7.2 Hz, 2H), 3.64 (s, 2H),
1.33 (t,J = 7.2 Hz, 3H), 1.29 (t, J= 7.2 Hz, 3H); *C NMR (150 MHz, CDCl5) &: 170.6, 166.9, 162.2
(C-F, 'Jcr = 245.3 Hz), 160.6 (C-F, 'Jc.r = 245.3 Hz), 147.0, 136.0 (C-F, *Jcr = 2.9 Hz), 136.0 (C-F,
*Jer=2.9 Hz), 133.8, 127.9, 120.9 (C-F, *Jcr = 8.4 Hz), 120.9 (C-F, *Jc.r = 8.4 Hz), 120.0, 116.4 (C-
F,2Jcr=23.0 Hz), 116.2 (C-F, 2Jcr = 23.0 Hz), 116.1, 61.3, 60.5, 29.8, 14.3, 14.1; HRMS (ESI) m/z:
[M + H]" Calcd for CisH20N2O4F 347.1402; Found 347.1401.

(E)-3-[1-(4-Chlorophenyl)-4-(2-ethoxy-2-oxoethyl)-1H-pyrazol-3-yl]-2-propenoic acid ethyl
ester (14e). 24.7 mg, 68% yield; Reaction time: 2.0 h; Purification by preparative TLC (hexane :
EtOAc = 2 : 1); Pale yellow crystals; Mp: 86-88 °C (hexane/Et;0); IR (KBr): 1732, 1703 cm™'; 'H
NMR (300 MHz, CDCl) &: 7.94 (s, 1H), 7.63 (d, J=9.0 Hz, 2H), 7.62 (d, J = 15.9 Hz, 1H), 7.40 (d,
J=9.0 Hz, 2H), 6.66 (d, J=15.9 Hz, 1H), 4.26 (q, /= 7.2 Hz, 2H), 4.19 (q, /= 7.2 Hz, 2H), 3.65 (s,
2H), 1.33 (t, J= 7.2 Hz, 3H), 1.29 (t, J = 7.2 Hz, 3H); *C NMR (75 MHz, CDCls) &: 170.4, 166.7,
147.0, 138.0, 133.5, 132.3,129.4, 127.6, 120.1, 116.2, 61.3, 60.5, 29.9, 14.4, 14.2; HRMS (ESI) m/z:
[M + H]" Caled for CisHz0N204*°C1 363.1106; Found 363.1104.

One of aromatic carbons overlapped with other aromatic carbons in *C NMR spectrum.
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(E)-3-|1-(4-Bromophenyl)-4-(2-ethoxy-2-oxoethyl)-1H-pyrazol-3-yl]-2-propenoic acid ethyl
ester (14f). 32.4 mg, 80% yield; Reaction time: 4.0 h; Purification by preparative TLC (hexane :
EtOAc =2 : 1); A yellow solid; Mp: 90-91 °C (hexane/Et,0); IR (KBr): 1733, 1703 cm™'; 'TH NMR
(300 MHz, CDCls) &: 7.95 (s, 1H), 7.63 (d, /= 16.2 Hz, 1H), 7.59-7.52 (m, 4H), 6.66 (d, J = 16.2 Hz,
1H), 4.26 (q, /= 7.2 Hz, 2H), 4.19 (q, J = 7.2 Hz, 2H), 3.64 (s, 2H), 1.33 (t, /= 7.2 Hz, 3H), 1.29 (4,
J=7.2 Hz, 3H); *C NMR (75 MHz, CDCl5) 6: 170.4, 166.7, 147.1, 138.5, 133.5, 132.4, 127.6, 120.4,
120.1, 116.3, 61.3, 60.6, 29.9, 14.4, 14.3; HRMS (ESI) m/z: [M + H]" Calcd for CisH2N,O4”°Br
407.0601; Found 407.0602.

One of aromatic carbons overlapped with other aromatic carbons in '*C NMR spectrum.

(E)-3-]4-(2-Ethoxy-2-oxoethyl)-1-phenyl-1H-pyrazol-3-yl]-2-propenoic acid ethyl ester (14g).
9.7 mg, 30% yield; Reaction time: 2.0 h; Purification by preparative TLC (hexane : EtOAc =2 : 1);
A yellow solid; Mp: 76 °C (decomposed) (hexane/Et;0); IR (KBr): 1731, 1706 cm™; "TH NMR (300
MHz, CDCl) 6: 7.97 (s, 1H), 7.70-7.67 (m, 2H), 7.66 (d, J = 15.9 Hz, 1H), 7.46-7.41 (m, 2H), 7.32
(m, 1H), 6.67 (d, J=15.9 Hz, 1H), 4.26 (q, J = 7.2 Hz, 2H), 4.19 (q, J = 7.2 Hz, 2H), 3.66 (s, 2H),
1.33 (t,J= 7.2 Hz, 3H), 1.29 (t, J = 7.2 Hz, 3H); *C NMR (75 MHz, CDCl5) &: 170.7, 167.0, 146.8,
139.6, 134.0, 129.4, 127.8, 127.0, 119.8, 119.1, 116.0, 61.3, 60.5, 29.9, 14.3, 14.1; HRMS (ESI) m/z:
[M + Na]* Calcd for C1sH20N>OsNa 351.1315; Found 351.1312.

(E)-3-[1-(4-Cyanophenyl)-4-(2-ethoxy-2-oxoethyl)-1H-pyrazol-3-yl]-2-propenoic acid ethyl
ester (14h). 9.5 mg, 27% yield; Reaction time: 18 h; Purification by preparative TLC (hexane : EtOAc
=2:1); White crystals; Mp: 139-140 °C (hexane/EtOAc); IR (KBr): 2220, 1740, 1710 cm™'; 'TH NMR
(300 MHz, CDCls) 8: 8.06 (s, 1H), 7.84 (d, /=9.0 Hz, 2H), 7.73 (d, /=9.0 Hz, 2H), 7.61 (d, /= 15.9
Hz, 1H), 6.70 (d, J=16.2 Hz, 1H), 4.27 (q, J = 7.2 Hz, 2H), 4.20 (q, J = 7.2 Hz, 2H), 3.66 (s, 2H),
1.34 (t,J= 7.2 Hz, 3H), 1.30 (t, J = 7.2 Hz, 3H); *C NMR (75 MHz, CDCl5) 3: 170.2, 166.5, 148.1,
142.2, 133.6, 133.0, 127.7, 121.1, 118.8, 118.1, 117.1, 110.1, 61.4, 60.7, 29.8, 14.4, 14.3; HRMS
(ESI) m/z: [M + H]" Calcd for C19H20N304 376.1268; Found 376.1268.

(E)-3-|4-(2-Ethoxy-2-oxoethyl)-1-(2-methoxyphenyl)-1H-pyrazol-3-yl]-2-propenoic acid ethyl
ester (14i). 8.2 mg, 23% yield; Reaction time: 72 h; Purification by preparative TLC (hexane : EtOAc
=2:1); A yellow oil; IR (neat): 1738, 1712 cm™'; 'TH NMR (300 MHz, CDCI5) &: 8.06 (s, 1H), 7.75-
7.72 (d, J=8.0 Hz, 1H), 7.68 (d, J = 16.2 Hz, 1H), 7.32-7.26 (m, 1H), 7.07-7.01 (m, 2H), 6.64 (d, J
=15.9 Hz, 1H), 4.25 (q, J = 7.2 Hz, 2H), 4.18 (q, J = 7.2 Hz, 2H), 3.88 (s, 3H), 3.66 (s, 2H), 1.32 (t,
J=17.2 Hz, 3H), 1.29 (t, J = 7.2 Hz, 3H); '*C NMR (75 MHz, CDCl;) §: 170.7, 167.0, 151.0, 145.8,
134.2,132.7,128.3, 125.0, 121.2, 119.5, 114.5, 112.2, 61.2, 60.4, 56.0, 30.1, 14.4, 14.3; HRMS (ESI)
m/z: [M + H]" Calcd for C19H23N205 359.1602; Found 359.1599.

One of aromatic carbons overlapped with other aromatic carbons in *C NMR spectrum.
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General procedure for preparation of hydrazone donors [Table 9]. To a mixture of methyl 2-
hydroxy-2-methoxyacetate (103) (1.0 g, 8.3 mmol) and sodium acetate (717 mg, 8.7 mmol) in MeOH
(20 mL) was added corresponding aryl hydrazine hydrochlorides 101a-101g, 101i (8.7 mmol) at room
temperature. After being stirred for 0.5-2.0 h, the reaction mixture was concentrated under reduced
pressure, diluted with H»O (10 mL) and extracted with CHCI3 (50 mL x 3). The organic phase was
dried over MgSQO4 and concentrated under reduced pressure. The crude product was purified by
recrystallization (hexane/EtOAc) to afford the corresponding hydrazones 15b-15h. The hydrazone

15a is already known compound in reference 52.

(E)-2-[2-(4-Methylphenyl)hydrazinylidene]acetic acid methyl ester (15b). 1.18 g, 74% yield; A
yellow solid; Mp: 172-173 °C (hexane/EtOAc); IR (KBr): 3256, 1698 cm™'; 'H NMR (300 MHz,
DMSO-ds) 6: 11.22 (br s, 1H), 7.19 (s, 1H), 7.10 (d, /= 8.7 Hz, 2H), 7.02 (d, J = 8.7 Hz, 2H), 3.72
(s, 3H), 2.24 (s, 3H); *C NMR (75 MHz, DMSO-dj) 8: 164.3, 141.1, 130.2, 129.7, 123.9, 113.2, 51.2,
20.3; HRMS (ESI) m/z: [M + Na]" Calcd for C10Hi2N2O2Na 215.0791; Found 215.0792.

(E)-2-[2-[4-(1,1-Dimethylethyl)phenyl|hydrazinylidene]acetic acid methyl ester (15¢). 1.29 g,
67% yield; A yellow solid; Mp: 178-179 °C (hexane/EtOAc); IR (KBr): 3272, 1707 cm™'; '"TH NMR
(300 MHz, CDCls) o: 8.57 (br s, 1H), 7.30 (d, /= 8.7 Hz, 2H), 7.10 (d, J= 8.7 Hz, 2H), 7.07 (s, 1H),
3.84 (s, 3H), 1.29 (s, 9H); *C NMR (75 MHz, CDCl;) 8: 164.8, 145.5, 139.9, 126.1, 124.6, 113.7,
51.9, 34.2,31.4; HRMS (ESI) m/z: [M + Na]* Calcd for Ci3HsN,O;Na 257.1261; Found 257.1258.

(E)-2-[2-(4-Fluorophenyl)hydrazinylidene]acetic acid methyl ester (15d). 932 mg, 57% yield; A
yellow solid; Mp: 140-150 °C (hexane/EtOAc); IR (KBr): 3267, 1708 ¢cm™'; 'H NMR (300 MHz,
CDCl;) 6: 8.66 (br s, 1H), 7.11-7.07 (m, 3H), 6.96 (t, J = 8.7 Hz, 2H), 3.83 (s, 3H); *C NMR (150
MHz, CDCl;) &: 164.8, 159.4 (C-F, 'Jc.r = 239.3 Hz), 157.8 (C-F, 'Jc.r = 239.3 Hz), 138.7 (C-F, “Jc.
r = 2.3 Hz), 138.7 (C-F, “Jcr = 2.3 Hz), 125.2, 116.1 (C-F, 2Jcr = 22.8 Hz), 115.9 (C-F, %Jc.r = 22.8
Hz), 115.2 (C-F, *Jc.r = 7.8 Hz), 115.2 (C-F, *Jcr = 7.8 Hz), 52.0; HRMS (ESI) m/z: [M + Na]" Calcd
for CoHoN,>O,FNa 219.0540; Found 219.0538.

(E)-2-]2-(4-Chlorophenyl)hydrazinylidene]acetic acid methyl ester (15e¢). 644 mg, 36% yield; A
yellow solid; Mp: 173-177 °C (hexane/EtOAc); IR (KBr): 3260, 1701 ¢cm™; 'H NMR (300 MHz,
DMSO-dy) 6: 11.37 (br s, 1H), 7.34 (d, J = 8.7 Hz, 2H), 7.23 (s, 1H), 7.11 (d, J = 8.7 Hz, 2H), 3.74
(s, 3H); *C NMR (75 MHz, DMSO-ds) &: 164.0, 142.4, 129.2, 125.6, 124.8, 114.7, 51.3; HRMS
(ESI) m/z: [M + Na]* Calcd for CoHoN>O,*CINa 235.0245; Found 235.0246.
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(E)-2-[2-(4-Bromophenyl)hydrazinylidene]acetic acid methyl ester (15f). 1.27 g, 59% yield; A
yellow solid; Mp: 186-187 °C (hexane/EtOAc); IR (KBr): 3258, 1704 cm™'; '"H NMR (300 MHz,
DMSO-ds) 6: 11.4 (br s, 1H), 7.46 (d, J= 8.7 Hz, 2H), 7.22 (s, 1H), 7.06 (d, J= 8.7 Hz, 2H), 3.73 (s,
3H); 3C NMR (75 MHz, DMSO-dy) 8:164.0, 142.7, 132.0, 125.7, 115.2, 112.5, 51.4; HRMS (ESI)
m/z: [M + Na]" Caled for CoHoN>O,7°BrNa 278.9740; Found 278.9740.

(E)-2-(2-Phenylhydrazinylidene)acetic acid methyl ester (15g). 746 mg, 50% yield; A white solid;
Mp: 129-130 °C (hexane/EtOAc); IR (KBr): 3273, 1699 ¢cm™'; '"H NMR (300 MHz, DMSO-d;) §:
11.30 (brs, 1H), 7.30 (d, J= 7.5 Hz, 2H), 7.23 (s, 1H), 7.14 (s, 1H), 7.11 (m, 1H), 6.93 (t,J=7.5 Hz,
1H), 3.73 (s, 3H); C NMR (75 MHz, CDCls) &: 164.9, 142.4, 129.3, 125.1, 122.4, 114.0, 51.9;
HRMS (ESI) m/z: [M + Na]" Calcd for CoH1oN,O2Na 201.0635; Found 201.0636.

(E)-2-[2-(2-Methoxyphenyl)hydrazinylidene]acetic acid methyl ester (15h). 1.02 g, 59% yield; A
yellow solid; Mp: 119-120 °C (hexane/EtOAc); IR (KBr): 3237, 1717 cm™; 'TH NMR (300 MHz,
CDCl;) 6: 8.82 (brs, 1H), 7.57-7.54 (m, 1H), 7.14 (s, 1H), 6.97-6.83 (m, 3H), 3.86 (s, 3H), 3.84 (s,
3H); “C NMR (75 MHz, CDCls) 8: 164.7, 145.7, 131.6, 125.9,121.8, 121.5,113.8, 110.2, 55.5, 51.8;
HRMS (ESI) m/z: [M + Na]" Calcd for Ci0H12N,O3Na 231.0740; Found 231.0736.

Cross-condensation of hydrazone 15a with a,B-unsaturated hydrazone 13a [Table 10, entry 1].
To a solution of a,B-unsaturated hydrazone 13a (25 mg, 0.10 mmol) and hydrazone 15a (21 mg, 0.10
mmol) in CH,Cl (2.0 mL) was added methanesulfonic acid (6.5 pL, 0.10 mmol) at room temperature.
After being stirred at the same temperature for 3.0 h, the reaction mixture was quenched with saturated
aqueous NaHCOs (5.0 mL) and extracted with CHCI3 (30 mL X 3). The organic phase was dried over
MgSO, and concentrated under reduced pressure. The crude product was purified by preparative TLC
(hexane : EtOAc =2 : 1) to afford the pyrazole 16ja (15.1 mg, 47%) and the pyrazole 14a (6.0 mg,
33%).

[3-(Methoxycarbonyl)-1-(4-methoxyphenyl)-1H-pyrazol-4-ylJacetic acid ethyl ester (16ja). A
yellow solid; Mp: 65-67 °C (hexane/Et,0); IR (KBr): 1731, 1212 em™; "H NMR (300 MHz, CDCls)
8: 7.90 (s, 1H), 7.60 (d, J=9.0 Hz, 2H), 6.94 (d, J = 9.0 Hz, 2H), 4.19 (q, J = 7.2 Hz, 2H), 3.93 (s,
3H), 3.89 (s, 2H), 3.83 (s, 3H), 1.29 (t, J = 7.2 Hz, 3H); *C NMR (75 MHz, CDCls) 6: 170.9, 162.7,
158.8, 141.4, 132.9, 128.6, 121.4, 118.6, 114.3, 60.8, 55.5, 51.8, 30.1, 14.2; HRMS (ESI) m/z: [M +
H]" Calcd for Ci1sH19N2Os 319.1289; Found 319.1285.

[Table 10, entry 2]. To a solution of o,B-unsaturated hydrazone 13a (25 mg, 0.10 mmol) and
hydrazone 15a (42 mg, 0.20 mmol) in CH>Cl, (2.0 mL) was added methanesulfonic acid (6.5 pL,

0.10 mmol) at room temperature. After being stirred at the same temperature for 2.0 h, the reaction
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mixture was quenched with saturated aqueous NaHCOs3 (5.0 mL) and extracted with CHCI; (30 mL
% 3). The organic phase was dried over MgSO4 and concentrated under reduced pressure. The crude
product was purified by preparative TLC (hexane : EtOAc =2 : 1) to afford the pyrazole 16ja (24.8
mg, 78%).

(2E, 4E)-4-[2-(4-Methoxyphenyl)-2-methylhydrazinylidene]-2-butenoic acid ethyl ester (13j)
[Scheme 61]. To a solution of 13a (3.0 g, 12 mmol) in dry THF (50 mL) was added sodium hydride
(60% suspension in mineral oil, 580 mg, 14.4 mmol) at 0 °C and the mixture was stirred at 0 °C for
15 min. Then, methyl iodide (1.1 mL, 18 mmol) was added to the reaction mixture. After being stirred
for 1.5 h at reflux, the reaction mixture was diluted with H,O (20 mL) and extracted with Et,O (50
mL x 3). The organic phase was washed with brine (20 mL), dried over MgSO, and concentrated
under reduced pressure. The crude product was purified by recrystallization from MeOH to afford the
N-methyl o,B-unsaturated hydrazone 13j (1.29 g, 41%) as a yellow solid. The spectral data were

identical with those reported in the literature.*”

Cross-condensation of hydrazone 15a with a,B-unsaturated hydrazone 13j [Table 11, entry 1].
To a solution of a,B-unsaturated hydrazone 13j (26 mg, 0.10 mmol) and hydrazone 15a (42 mg, 0.20
mmol) in CH,Cl (2.0 mL) was added methanesulfonic acid (6.5 pL, 0.10 mmol) at room temperature.
After being stirred at the same temperature for 4.0 h, the reaction mixture was quenched with saturated
aqueous NaHCOs (5.0 mL) and extracted with CHCI3 (30 mL X 3). The organic phase was dried over
MgSO, and concentrated under reduced pressure. The crude product was purified by preparative TLC
(CHCI3 : MeOH = 100 : 1) to afford the pyrazole 16ja (25.3 mg, 79%).

[Table 11, entry 2]. To a solution of a,p-unsaturated hydrazone 13j (26 mg, 0.10 mmol) and
hydrazone 15a (42 mg, 0.20 mmol) in CH,Cl, (2.0 mL) was added methanesulfonic acid (13 pL, 0.20
mmol) at room temperature. After being stirred at the same temperature for 4.0 h, the reaction mixture
was quenched with saturated aqueous NaHCO3 (5.0 mL) and extracted with CHCl; (30 mL % 3). The
organic phase was dried over MgSOs and concentrated under reduced pressure. The crude product
was purified by preparative TLC (CHCI; : MeOH = 100 : 1) to afford the pyrazole 16ja (38.0 mg,
99%).

[Table 11, entry 3]. To a solution of a,B-unsaturated hydrazone 13j (52 mg, 0.20 mmol) and
hydrazone 15a (50 mg, 0.24 mmol) in CH,Cl, (2.0 mL) was added methanesulfonic acid (26 pL, 0.40
mmol) at room temperature. After being stirred at the same temperature for 4.0 h, the reaction mixture
was quenched with saturated aqueous NaHCO; (5.0 mL) and extracted with CHCl; (30 mL % 3). The
organic phase was dried over MgSOs and concentrated under reduced pressure. The crude product
was purified by preparative TLC (CHCl; : MeOH = 10 : 1) to afford the pyrazole 16ja (63.0 mg,
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95%).

(2E, 4E)-4-(2,2-Dimethylhydrazinylidene)-2-butenoic acid ethyl ester (78) [Scheme 62, eq 1]. To
a solution of N,N-dimethylhydrazine hydrochloride (59) (841 mg, 8.71 mmol) in EtOH (20 mL) were
added (2E)-4-oxo-2-butenoic acid ethyl ester (100) (1.0 mL, 8.3 mmol) and sodium acetate (714 mg,
8.71 mmol) at room temperature. After being stirred at same temperature for 5.0 h, the reaction
mixture was diluted with saturated aqueous NaHCO; (10 mL) and extracted with CHCls (30 mL x 3).
The organic phase was dried over MgSO4 and concentrated under reduced pressure. The crude
product was purified by flash column chromatography (hexane : EtOAc = 5 : 1) to afford the a,f-
unsaturated hydrazone 78 (700 mg, 50%) as a yellow oil. The spectral data were identical with those

reported in the literature.*”

Cross-condensation of hydrazone 15a with a,B-unsaturated hydrazone 78 [Scheme 62, eq 2]. To
a solution of a,B-unsaturated hydrazone 78 (34 mg, 0.20 mmol) and hydrazone 15a (83 mg, 0.40
mmol) in CH,Cl, (4.0 mL) was added methanesulfonic acid (26 pL, 0.40 mmol) at room temperature.
After being stirred at the same temperature for 2.0 h, the reaction mixture was quenched with saturated
aqueous NaHCOs (5.0 mL) and extracted with CHCI3 (30 mL x 3). The organic phase was dried over
MgSO, and concentrated under reduced pressure. The crude product was purified by preparative TLC
(CHCI3 : MeOH = 100 : 1) to afford the pyrazole 16ja (39.5 mg, 62%).

General procedure for cross-condensation of hydrazones 15 with a,B-unsaturated hydrazone
13j [Scheme 63]. To a solution of a,B-unsaturated hydrazone 13j (52 mg, 0.20 mmol) and hydrazones
15b-h (0.24 mmol) in CH,Cl (2.0 mL) was added methanesulfonic acid (26 puL, 0.40 mmol) at room
temperature. After being stirred at the same temperature for several hours, the reaction mixture was
quenched with saturated aqueous NaHCOs3 (5.0 mL) and extracted with CHCI3 (30 mL x 3). The
organic phase was dried over MgSOs and concentrated under reduced pressure. The crude product

was purified by preparative TLC to afford the corresponding pyrazoles 16jb-16jh.

[3-(Methoxycarbonyl)-1-(4-methylphenyl)-1H-pyrazol-4-yl]acetic acid ethyl ester (16jb). 48.9
mg, 81% yield; Reaction time: 6.0 h; Purification by preparative TLC (hexane : EtOAc =2 : 1); A
yellow oil; IR (neat): 1736, 1719 cm™'; "TH NMR (300 MHz, CDCls) &: 7.95 (s, 1H), 7.58 (d, J = 8.4
Hz, 2H), 6.23 (d, J = 7.2 Hz, 2H), 4.19 (q, J = 7.2 Hz, 2H), 3.93 (s, 3H), 3.89 (s, 2H), 2.38 (s, 3H),
1.29 (t, J = 7.2 Hz, 3H); *C NMR (75 MHz, CDCls) &: 170.9, 162.8, 141.6, 137.4, 137.1, 129.8,
128.5,119.7,118.7,60.9, 51.9,30.2, 21.0, 14.3; HRMS (ESI) m/z: [M + Na]" Calcd for Ci6HisN>OsNa
325.1159; Found 325.1156.
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[1-[4-(1,1-Dimethylethyl)phenyl]-3-(methoxycarbonyl)-1H-pyrazol-4-yl]acetic acid ethyl ester
(16jc). 73.5 mg, 99% yield; Reaction time: 6 h; Purification by preparative TLC (hexane : EtOAc =
2 : 1); A yellow oil; IR (neat): 1739, 1722 cm™'; "TH NMR (300 MHz, CDCI5) 8: 7.96 (s, 1H), 7.61 (d,
J=28.7Hz, 2H), 7.44 (d, J=9.0 Hz, 2H), 4.19 (q, /= 7.2 Hz, 2H), 3.93 (s, 3H), 3.89 (s, 2H), 1.34 (s,
9H), 1.29 (t, J= 7.2 Hz, 3H); *C NMR (75 MHz, CDCl;) 8: 170.9, 162.8, 150.7, 141.7, 136.9, 128.5,
126.1, 119.5, 118.7, 60.9, 51.9, 34.7, 31.3, 30.2, 14.3; HRMS (ESI) m/z: [M + Na]" Calcd for
Ci9H24N204Na 367.1628; Found 367.1627.

[1-(4-Fluorophenyl)-3-(methoxycarbonyl)-1H-pyrazol-4-yl]acetic acid ethyl ester (16jd). o,f-
Unsaturated hydrazone 13j (131 mg, 0.50 mmol) and hydrazone 15d (118 mg, 0.60 mmol) were used.
129.8 mg, 85% yield; Reaction time: 5.0 h; Purification by preparative TLC (hexane : EtOAc =2 :
1); Yellow crystals; Mp: 79-81 °C (hexane/Et,0); IR (KBr): 1744, 1717 cm™'; "H NMR (300 MHz,
CDCls) 8: 7.94 (s, 1H), 7.62 (dd, J=9.1, 4.6 Hz, 2H), 7.14 (dd, J=9.1, 8.0 Hz, 2H), 4.20 (q, J= 7.2
Hz, 2H), 3.94 (s, 3H), 3.90 (s, 2H), 1.29 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDCls) &: 171.0,
162.8, 162.6 (C-F, 'Je.r = 246.0 Hz), 161.0 (C-F, 'Jc.r = 246.0 Hz), 142.2, 135.8 (C-F, “Jcr = 3.0 Hz),
135.8 (C-F, “Jcr=3.0 Hz), 128.8, 121.9 (C-F, *Jcr = 8.4 Hz), 121.9 (C-F, *Jcr = 8.4 Hz), 119.1, 116.4
(C-F, 2Jcr = 23.0 Hz), 116.2 (C-F, 2Jcr = 23.0 Hz), 61.0, 52.0, 30.1, 14.2; HRMS (ESI) m/z: [M +
H]" Calcd for CisHi6N2O4F 307.1089; Found 307.1088.

[1-(4-Chlorophenyl)-3-(methoxycarbonyl)-1H-pyrazol-4-yl]acetic acid ethyl ester (16je). 56.2
mg, 87% yield; Reaction time: 6.0 h; Purification by preparative TLC (hexane : EtOAc = 2 : 1);
Yellow crystals; Mp: 62-66 °C (hexane/Et,0); IR (KBr): 1738, 1720 cm™; '"H NMR (300 MHz,
CDCl) &: 7.98 (s, 1H), 7.66 (d, J =9.0 Hz, 2H), 7.41 (d, J = 9.0 Hz, 2H), 4.19 (q, J = 7.2 Hz, 2H),
3.94 (s, 3H), 3.89 (s, 2H), 1.29 (t,J = 7.2 Hz, 3H); "*C NMR (75 MHz, CDCl;) &: 170.8, 162.6, 142.2,
137.8,133.1,129.4, 128.5, 121.0, 119.2, 61.0, 52.1, 30.2, 14.3; HRMS (ESI) m/z: [M + H]" Calcd for
Ci5H16N204*°Cl1 323.0793; Found 323.0792.

[1-(4-Bromophenyl)-3-(methoxycarbonyl)-1H-pyrazol-4-yl]acetic acid ethyl ester (16jf). 51.0
mg, 69% yield; Reaction time: 6.0 h; Purification by preparative TLC (hexane : EtOAc =2 : 1); A
yellow oil; IR (neat): 1729 cm™'; '"H NMR (300 MHz, CDCls) 8: 7.99 (s, 1H), 7.62-7.54 (m, 4H), 4.19
(g, J = 7.2 Hz, 2H), 3.94 (s, 3H), 3.89 (s, 2H), 1.29 (t, J = 7.2 Hz, 3H); *C NMR (75 MHz, CDCl5)
0: 170.7, 162.5, 142.3, 138.3, 132.4, 128.4, 121.2, 120.9, 119.2, 61.0, 52.0, 30.2, 14.3; HRMS (ESI)
m/z: [M + Na]" Caled for CisH;sN.O4""BrNa 389.0107; Found 389.0106.

[3-(Methoxycarbonyl)-1-phenyl-1H-pyrazol-4-yl]acetic acid ethyl ester (16jg). 45.3 mg, 79 %
yield; Reaction time: 6.0 h; Purification by preparative TLC (hexane : EtOAc =2 : 1); A yellow oil;
IR (neat): 1734 cm™'; 'TH NMR (300 MHz, CDCl;) 8: 8.00 (s, 1H), 7.69 (d, J= 8.7 Hz, 2H), 7.42 (t,J
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= 8.4 Hz, 2H), 7.31 (t, J = 8.4 Hz, 1H), 4.19 (q, J = 7.2 Hz, 2H), 3.93 (s, 3H), 3.89 (s, 2H), 1.28 (t, J
= 7.2 Hz, 3H); 3C NMR (75 MHz, CDCl;) &: 170.8, 162.7, 141.8, 139.2, 129.2, 128.5, 127.3, 119.6,
118.8, 60.7, 51.7, 29.9, 14.0; HRMS (ESI) m/z: [M + H]* Calcd for C sHi7N,O4 289.1183; Found
289.1181.

[3-(Methoxycarbonyl)-1-(2-methoxyphenyl)-1H-pyrazol-4-yl]acetic acid ethyl ester (16jh). 38.4
mg, 60%; Reaction time: 6.0 h; Purification by preparative TLC (hexane : EtOAc =2 : 1); A yellow
oil; IR (neat): 1736, 1719 cm™; '"H NMR (300 MHz, CDCls) 8: 8.02 (s, 1H), 7.70 (d, J= 7.8 Hz, 1H),
7.32 (t,J=17.8 Hz, 1H), 7.06-7.00 (m, 2H), 4.19 (q, J = 7.2 Hz, 2H), 3.92 (s, 3H), 3.90 (s, 2H), 3.86
(s, 3H), 1.29 (t, J = 7.2 Hz, 3H); *C NMR (75 MHz, CDCls) &: 171.0, 162.9, 151.5, 141.0, 133.2,
129.0, 125.8, 121.0, 117.4, 112.0, 60.8, 55.9, 51.8, 30.3, 14.3; HRMS (ESI) m/z: [M + H]" Calcd for
Ci6H19N205 319.1289; Found 319.1287.

One of aromatic carbons overlapped with other aromatic carbons in '*C NMR spectrum.

General procedure for preparation of hydrazone donors [Table 12]. To a solution of
corresponding aryl aldehydes 50a-50c, 50e-50h, 50q, S0x, S0y (1.0 g) in MeOH (20 mL) was added
4-methoxyphenylhydrazine hydrochloride (101a) (1.0 equiv.) at room temperature. After being stirred
for several hours, the reaction mixture was filtered and rinsed with cold MeOH (5.0 mL). The crude
product was purified by recrystallization from MeOH to afford the corresponding hydrazones 15i-
15r. The hydrazones 15i,¥ 15§, 151,> 15m,%® and 150°” were already known compounds.

(E)-4-Methylbenzaldehyde 2-(4-methoxyphenyl)hydrazone (15k). 1.20 g, 60% yield; A yellow
solid; Mp: 129-133 °C (MeOH); IR (KBr): 3321 cm™'; '"H NMR (300 MHz, DMSO-ds) 6: 10.02 (br s,
1H), 7.80 (s, 1H), 7.52 (d, /= 8.1 Hz, 2H), 7.18 (d, /= 8.1 Hz, 2H), 7.02 (d, J= 9.0 Hz, 2H), 6.84 (d,
J=9.0 Hz, 2H), 3.69 (s, 3H), 2.30 (s, 3H); *C NMR (75 MHz, DMSO-ds) &: 152.5, 139.5, 137.0,
135.5,133.3,129.2,125.4,114.6, 112.9, 55.2, 20.9; HRMS (ESI) m/z: [M + H]" Calcd for CisH17N,O
241.1335; Found 241.1335.

(E)-4-(Trifluoromethyl)benzaldehyde 2-(4-methoxyphenyl)hydrazone (15n). 1.00 g, 59% yield;
Yellow crystals; Mp: 149-151 °C (MeOH); IR (KBr): 3296 cm™'; 'TH NMR (300 MHz, DMSO-dj) &:
10.49 (br s, 1H), 7.89 (s, 1H), 7.83 (d, J = 8.1 Hz, 2H), 7.70 (d, J = 8.4 Hz, 2H), 7.11 (d, J = 9.3 Hz,
2H), 6.90 (d, J = 9.0 Hz, 2H), 3.72 (s, 3H); '*C NMR (150 MHz, DMSO-d;) &: 153.0, 140.0, 138.7,
133.1, 127.4 (C-F, %Jc-r, J = 31.4 Hz), 127.2 (C-F, “Jcr, J=31.4 Hz), 127.1 (C-F, 'Jcr, J=269.9 Hz),
127.0 (C-F, 2Jcr, J = 31.4 Hz), 126.8 (C-F, *Jcr, J = 31.4 Hz), 125.6, 125.4 (C-F, *Jcr, J = 3.7 Hz),
125.4 (C-F, *Jcr, J = 3.7 Hz), 125.4 (C-F, *Jcr, J = 3.7 Hz), 125.3 (C-F, 'Jcr = 269.9 Hz), 123.5 (C-
F, Jcr = 269.9 Hz), 121.7 (C-F, 'Jer = 269.9 Hz), 114.7, 113.3, 55.2; HRMS (ESI) m/z: [M + H]*
Calcd for CisH4N2OF3 295.1053; Found 295.1053.
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(E)-3-Chlorobenzaldehyde 2-(4-methoxyphenyl)hydrazone (15p). 904 mg, 49% yield; A yellow
solid; Mp: 122-124 °C (MeOH); IR (KBr): 3297 cm™!; 'TH NMR (300 MHz, DMSO-dj) 6: 10.33 (brs,
1H), 7.79 (s, 1H), 7.68 (s, 1H), 7.57 (d, J= 7.5 Hz, 1H), 7.39 (t, /= 7.8 Hz, 1H), 7.03 (d, /= 7.8 Hz,
1H), 7.06 (d, J = 9.0 Hz, 2H), 6.86 (d, J = 9.0 Hz, 2H), 3.70 (s, 3H); *C NMR (75 MHZ, DMSO-dy)
0:152.9,139.0, 138.4, 133.5, 133.3, 130.4, 127.0, 124.5, 123.9, 114.6, 113.2, 55.2; HRMS (ESI) m/z:
[M + H]" Caled for Ci4H14N>0**C1 261.0789; Found 261.0790.

(E)-2-Hydroxybenzaldehyde 2-(4-methoxyphenyl)hydrazone (15q). 1.05 g, 53% yield; Yellow
crystals; Mp: 130-132 °C (MeOH); IR (KBr): 3331 cm; *H NMR (300 MHz, CDCI3) 8: 10.9 (br s,
1H), 7.75 (s, 1H), 7.34 (br s, 1H), 7.24-7.18 (m, 1H), 7.09 (d, J = 7.5 Hz, 1H), 6.98 (d, /= 8.4 Hz,
1H), 6.93-6.83 (m, 5H), 3.76 (s, 3H); *C NMR (75 MHz, CDCl;) 8: 156.9, 154.3, 140.6, 137.4, 129.7,
129.1, 119.4, 118.6, 116.5, 114.9, 114.2, 55.6; HRMS (ESI) m/z: [M + H]" Calcd for Ci4HisN,O;
243.1128; Found 243.1129.

(E)-2-Naphthaldehyde 2-(4-methoxyphenyl)hydrazone (15r). 1.44 g, 81% yield; A yellow solid;
Mp: 173-175 °C (MeOH); IR (KBr): 3304 cm™'; 'TH NMR (300 MHz, DMSO-ds) &: 10.26 (br s, 1H),
7.99-7.87 (m, 6H), 7.54-7.45 (m, 2H), 7.07 (d, J = 8.7 Hz, 2H), 6.87 (d, J=9.0 Hz, 2H), 3.71 (s, 3H);
BC NMR (75 MHz, DMSO-dy) 8: 152.7,139.3, 135.3, 133.8, 133.2, 132.6, 128.1, 127.7, 127.6, 126 .4,
125.8, 125.3, 122.4, 114.7, 113.0, 55.3; HRMS (ESI) m/z: [M + H]" Calcd for CsH;7N>O 277.1335;
Found 277.1330.

Cross-condensation of hydrazone 15i with a,p-unsaturated hydrazone 13j [Table 13, entry 1].
To a solution of a,-unsaturated hydrazone 13j (10 mg, 0.038 mmol) and hydrazone 15i (17 mg, 0.076
mmol) in CH,Cl, (2.0 mL) was added methanesulfonic acid (4.9 pL, 0.076 mmol) at room
temperature. After being stirred at the same temperature for 3.0 h, the reaction mixture was quenched
with saturated aqueous NaHCOs3 (5.0 mL) and extracted with CHCI3 (30 mL x 3). The organic phase
was dried over MgSO4 and concentrated under reduced pressure. The crude product was purified by

preparative TLC (hexane : EtOAc =2 : 1) to afford the pyrazole 16ji (4.0 mg, 31%) as an orange oil.

[1-(4-Methoxyphenyl)-3-phenyl-1H-pyrazol-4-yl]acetic acid ethyl ester (16ji). IR (neat): 1733
cm’'; "TH NMR (300 MHz, CDCI3) &: 7.93 (s, 1H), 7.67-7.61 (m, 4H), 7.45-7.31 (m, 3H), 6.95 (d, J =
9.0 Hz, 2H), 4.16 (q, J = 7.2 Hz, 2H), 3.83 (s, 3H), 3.68 (s, 2H), 1.24 (t, J = 7.2 Hz, 3H); *C NMR
(75 MHz, CDCls) 8: 171.4,158.0, 151.5, 133.7, 133.1, 128.4, 128.0, 127.8, 120.6, 114.4, 112.7, 61.0,
55.6, 30.6, 14.3; HRMS (ESI) m/z: [M + H]" Calcd for C2H21N2O3 337.1547; Found 337.1548.

[Table 13, entry 2]. To a solution of o,B-unsaturated hydrazone 13j (26 mg, 0.10 mmol) and
hydrazone 15i (45 mg, 0.20 mmol) in CH,Cl, (2.0 mL) was added methanesulfonic acid (32 pL, 0.50
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mmol) at room temperature. After being stirred at the same temperature for 2.0 h, the reaction mixture
was quenched with saturated aqueous NaHCOs3 (5.0 mL) and extracted with CHCl3; (30 mL x 3). The
organic phase was dried over MgSO4 and concentrated under reduced pressure. The crude product
was purified by preparative TLC (hexane : EtOAc =3 : 1) to afford the pyrazole 16ji (27.9 mg, 83%).

General procedure for cross-condensation of hydrazones 15 with a,B-unsaturated hydrazone
13j [Table 14]. To a solution of o,B-unsaturated hydrazone 13j (26 mg, 0.10 mmol) and hydrazones
15j-15r (0.20 mmol) in CH»Cl, (2.0 mL) was added methanesulfonic acid (32 pL, 0.50 mmol) at
room temperature. After being stirred at the same temperature for several hours, the reaction mixture
was quenched with saturated aqueous NaHCOs3 (5.0 mL) and extracted with CHCI3 (30 mL x 3). The
organic phase was dried over MgSO4 and concentrated under reduced pressure. The crude product

was purified by preparative TLC to afford the pyrazoles 16jj-16jr.

[1,3-Bis(4-methoxyphenyl)-1H-pyrazol-4-yl]acetic acid ethyl ester (16jj) [Table 14, entry 1]. 19.3
mg, 53% yield; Reaction time: 2.0 h; Purification by preparative TLC (hexane : EtOAc =3 : 1); An
orange oil; IR (neat): 1736 cm™; '"H NMR (300 MHz, CDCls) 8: 7.93 (s, 1H), 7.64 (d, J= 9.3 Hz, 2H),
7.61 (d, J=28.7 Hz, 2H), 6.98 (d, /= 9.0 Hz, 2H), 6.96 (d, /= 9.3 Hz, 2H), 4.17 (q, J = 7.2 Hz, 2H),
3.85 (s, 3H), 3.84 (s, 3H), 3.67 (s, 2H), 1.25 (t, J= 7.2 Hz, 3H); *C NMR (75 MHz, CDCl3) &: 171.6,
159.4, 158.1, 151.4, 133.9, 129.3, 127.7, 125.7, 120.5, 114.4, 114.0, 112.5, 61.0, 55.6, 55.3, 30.6,
14.2; HRMS (ESI) m/z: [M + H]" Calcd for C21H23N,04 367.1652; Found 367.1655.

[1-(4-Methoxyphenyl)-3-(4-methylphenyl)-1H-pyrazol-4-yl]acetic acid ethyl ester (16jk) [Table
14, entry 2]. 20.7 mg, 59% yield; Reaction time: 4.0 h; Purification by preparative TLC (hexane :
EtOAc =3 : 1); An orange oil; IR (neat): 1736 cm™; "TH NMR (300 MHz, CDCl5) &: 7.91 (s, 1H), 7.61
(d, J=8.7 Hz, 2H), 7.54 (d, /= 7.8 Hz, 2H), 7.22 (d, /= 7.8 Hz, 2H), 6.94 (d, J = 8.7 Hz, 2H), 4.15
(g, J= 7.2 Hz, 2H), 3.82 (s, 3H), 3.66 (s, 2H), 2.38 (s, 3H), 1.24 (t, J = 7.2 Hz, 3H); *C NMR (75
MHz, CDCls) &: 171.2, 157.8, 151.3, 137.4, 133.6, 130.0, 129.0, 127.8, 127.5, 120.4, 114.3, 112.5,
61.0, 55.6, 30.7, 21.5, 14.4; HRMS (ESI) m/z: [M + Na]" Calcd for C21H22N,O3Na 373.1523; Found
373.1526.

[3-(4-Chlorophenyl)-1-(4-methoxyphenyl)-1H-pyrazol-4-yl]acetic acid ethyl ester (16jl) [Table
14, entry 3]. 26.7 mg, 72 % yield; Reaction time: 2.0 h; Purification by preparative TLC (hexane :
EtOAc =3 : 1); An orange oil; IR (neat): 1736 cm™; "TH NMR (300 MHz, CDCl5) &: 7.91 (s, 1H), 7.61
(d, J=8.4 Hz, 2H), 7.60 (d, J=9.0 Hz, 2H), 7.39 (d, J = 8.4 Hz, 2H), 6.94 (d, J = 9.0 Hz, 2H), 4.16
(9, J = 7.2 Hz, 2H), 3.83 (s, 3H), 3.65 (s, 2H), 1.25 (t, J = 7.2 Hz, 3H); '*C NMR (75 MHz, CDCls)
6:171.0, 158.0, 150.1, 133.6, 133.4, 131.5, 129.1, 128.5, 127.9, 120.5, 114.3, 112.6, 61.1, 55.6, 30.6,
14.4; HRMS (ESI) m/z: [M + H]" Calcd for C20H2N>05**C1 371.1157; Found 371.1161.
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[3-(4-Bromophenyl)-1-(4-methoxyphenyl)-1H-pyrazol-4-yl]acetic acid ethyl ester (16jm) [Table
14, entry 4]. 24.0 mg, 58% yield; Reaction time: 2.0 h; Purification by preparative TLC (hexane :
EtOAc =3 : 1); An orange oil; IR (neat): 1736 cm™; "TH NMR (300 MHz, CDCls) &: 7.91 (s, 1H), 7.60
(d,J=9.0 Hz, 2H), 7.55 (m, 4H), 6.95 (d, J=9.0 Hz, 2H), 4.16 (q, /= 7.2 Hz, 2H), 3.83 (s, 3H), 3.65
(s, 2H), 1.25 (t, J = 7.2 Hz, 3H); '*C NMR (75 MHz, CDCl;) &: 170.0, 158.0, 150.1, 133.4, 131.9,
131.4, 1294, 127.9, 121.9, 120.5, 114.3, 112.6, 61.2, 55.6, 30.6, 14.4; HRMS (ESI) m/z: [M + H]"
Calcd for CH20N20:7Br 415.0652; Found 415.0657.

[1-(4-Methoxyphenyl)-3-[4-(trifluoromethyl)phenyl)]-1H-pyrazol-4-yl]acetic acid ethyl ester
(16jn) [Table 14, entry 5]. 30.3 mg, 75% yield; Reaction time: 3.0 h; Purification by preparative
TLC (hexane : EtOAc = 3 : 1); An orange oil; IR (neat): 1736 cm™'; "TH NMR (300 MHz, CDCl5) &:
7.97 (s, 1H), 7.83 (d, /= 8.1 Hz, 2H), 7.70 (d, J = 8.1 Hz, 2H), 7.65 (d, J = 9.0 Hz, 2H), 6.98 (d, J =
9.0 Hz, 2H), 4.18 (q, J = 7.2 Hz, 2H), 3.85 (s, 3H), 3.69 (s, 2H), 1.25 (t, J = 7.2 Hz, 3H); *C NMR
(150 MHz, CDCl3) &: 171.2, 158.4, 150.0, 136.8, 133.6, 130.0 (C-F, *Jc.r = 32.2 Hz), 129.8 (C-F, *Jc.
F=32.2 Hz), 129.6 (C-F, *Jcr = 32.2 Hz), 129.4 (C-F, Jcr = 32.2 Hz), 128.3, 128.2, 126.9 (C-F, 'Jc.
r = 270.2 Hz), 125.5 (C-F, *Jcr = 3.7 Hz), 125.5 (C-F, *Jcr = 3.7 Hz), 125.5 (C-F, *Jcr = 3.7 Hz),
125.4 (C-F, *Jcr = 3.7 Hz), 125.1 (C-F, 'Jer = 270.2 Hz), 123.3 (C-F, 'Jer = 270.2 Hz), 121.5 (C-F,
Jer = 270.2 Hz), 120.7, 114.5, 113.1, 61.1, 55.5, 30.5, 14.1; HRMS (ESI) m/z: [M + H]" Calcd for
C21H20N203F; 405.1421; Found 405.1424.

[1-(4-Methoxyphenyl)-3-(4-nitrophenyl)-1H-pyrazol-4-yl]acetic acid ethyl ester (16jo) [Table 14,
entry 6]. 37.8 mg, 99% yield; Reaction time: 2.0 h; Purification by preparative TLC (hexane : EtOAc
=3:1); An orange oil; IR (neat): 1736 cm™'; "H NMR (300 MHz, CDCls) 8: 8.28 (d, J= 9.0 Hz, 2H),
7.96 (s, 1H), 7.90 (d, /= 9.0 Hz, 2H), 7.63 (d, J = 9.0 Hz, 2H), 6.97 (d, /= 9.0 Hz, 2H), 4.18 (q, J =
7.2 Hz, 2H), 3.85 (s, 3H), 3.72 (s, 2H), 1.26 (t, J= 7.2 Hz, 3H); 3*C NMR (75 MHz, CDCl3) &: 171.0,
158.6, 149.0, 147.1, 139.8, 133.4, 128.7, 128.4, 123.9, 120.8, 114.6, 113.5, 61.3, 55.6, 30.6, 14.2;
HRMS (ESI) m/z: [M + H]" Caled for C20H20N30s 382.1397; Found 382.1401.

[3-(3-Chlorophenyl)-1-(4-methoxyphenyl)-1H-pyrazol-4-yl]acetic acid ethyl ester (16jp) [Table
14, entry 7]. 27.0 mg, 72% yield; Reaction time: 2.0 h; Purification by preparative TLC (hexane :
EtOAc =3 : 1); A yellow oil; IR (neat): 1736 cm™'; '"H NMR (300 MHz, CDCl;) &: 7.94 (s, 1H), 7.72
(s, IH), 7.63 (d, J=9.3 Hz, 2H), 7.59-7.56 (m, 1H), 7.40-7.31 (m, 2H), 6.97 (d, /=9.0 Hz, 2H), 4.18
(g, J = 7.2 Hz, 2H), 3.84 (s, 3H), 3.68 (s, 2H), 1.26 (t, J = 7.2 Hz, 3H); *C NMR (75 MHz, CDCls)
6: 171.0, 158.0, 149.9, 134.7, 134.2, 133.4, 129.5, 127.9, 127.8, 127.7, 125.9, 120.5, 114.3, 112.7,
61.2, 55.6, 30.6, 14.4; HRMS (ESI) m/z: [M + Na]" Calcd for C2H19N>03*CINa 393.0976; Found
393.0981.
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[3-(2-Hydroxyphenyl)-1-(4-methoxyphenyl)-1H-pyrazol-4-yl]acetic acid ethyl ester (16jq)
[Table 14, entry 8]. 18.5 mg, 53% yield; Reaction time: 2.0 h; Purification by preparative TLC
(hexane : EtOAc =2 : 1); An orange oil; IR (neat): 3134, 1733 cm™'; '"H NMR (300 MHz, CDCls) §:
10.60 (br s, 1H), 7.98 (s, 1H), 7.55 (d, /= 9.0 Hz, 2H), 7.51 (d, /= 7.8 Hz, 1H), 7.24 (t,J = 7.5 Hz,
1H), 7.05 (d, J=8.1 Hz, 1H), 6.96 (d, /= 9.0 Hz, 2H), 6.91 (d, /= 7.2 Hz, 1H), 4.19 (q, /= 7.2 Hz,
2H), 3.84 (s, 3H), 3.80 (s, 2H), 1.26 (t, J = 7.2 Hz, 3H); '*C NMR (75 MHz, CDCls) §: 170.7, 158.1,
155.5, 148.9, 132.6, 129.2, 128.4, 127.0, 120.2, 119.1, 117.0, 116.9, 114.5, 112.9, 61.3, 55.7, 31.4,
14.4; HRMS (ESI) m/z: [M + H]" Calcd for C20H21N204 353.1496; Found 353.1498.

[1-(4-Methoxyphenyl)-3-(2-naphthalenyl)-1H-pyrazol-4-]acetic acid ethyl ester (16jr) [Table 14,
entry 9]. 29.7 mg, 76% yield; Reaction time: 2.0 h; Purification by preparative TLC (hexane : EtOAc
=2:1); Ayellow oil; IR (neat): 1733 cm™'; '"H NMR (300 MHz, CDCl5) : 8.11 (s, 1H), 7.97 (s, 1H),
7.91-7.83 (m, 4H), 7.66 (d, J= 8.7 Hz, 2H), 7.50-7.44 (m, 2H), 6.96 (d, /= 8.7 Hz, 2H), 4.17 (q, J =
7.2 Hz, 2H), 3.84 (s, 3H), 3.77 (s, 2H), 1.25 (t, J= 7.2 Hz, 3H); *C NMR (75 MHz, CDCl3) &: 171.2,
157.9,151.2,133.6,133.2,132.7,130.4, 128.1, 128.0, 127.9, 127.5, 126.7, 126.0, 125.9, 125.8, 120.5,
114.3, 112.9, 61.1, 55.6, 30.9, 14.4; HRMS (ESI) m/z: [M + H]" Caled for C24H23N>03 409.1523;
Found 409.1522.

(2E, 4F)-4-[2-(4-Methoxyphenyl)hydrazono]-4-methyl-2-butenoic acid methyl ester (13k)
[Scheme 66, eq 1]. To a solution of (2E)-4-oxo-2-pentenoic acid methyl ester (105) (999 mg, 7.8
mmol) in pyridine (20 mL) was added 4-methoxyphenylhydrazine hydrochloride (101a) (1.63 g, 9.36
mmol) at room temperature. After being stirred at same temperature for 30 min, the reaction mixture
was diluted with H>O (10 mL) and extracted with EtOAc (30 mL X 3). The organic phase was dried
over MgSO4 and concentrated under reduced pressure. The crude product was purified by
recrystallization from hexane/EtOAc to afford the a,B-unsaturated hydrazone 13k (1.47 g, 76%) as a

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

Cross-condensation of hydrazone 15a with a,B-unsaturated hydrazone 13k [Scheme 66, eq 2].
To a solution of a,B-unsaturated hydrazone 13k (50 mg, 0.20 mmol) and hydrazone 15a (83 mg, 0.40
mmol) in CH>Cl, (2.0 mL) was added methanesulfonic acid (65 pL, 1.0 mmol) at room temperature.
After being stirred at the same temperature for 5.0 h, the reaction mixture was quenched with saturated
aqueous NaHCOs (5.0 mL) and extracted with CHCI3 (30 mL % 3). The organic phase was dried over
MgSO4 and concentrated under reduced pressure. The crude product was purified by preparative TLC
(hexane : EtOAc =2 : 1) to afford the pyrazole 16ka (15.3 mg, 24%) as an orange oil.

[3-(Methoxycarbonyl)-1-(4-methoxyphenyl)-5-methyl-1H-pyrazol-4-yl]acetic acid methyl ester
(16ka). IR (neat): 1739, 1717 cm™'; 'TH NMR (300 MHz, CDCls) 8: 7.37 (d, J=9.0 Hz, 2H), 6.97 (d,
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J=9.0 Hz, 2H), 3.91 (s, 3H), 3.86 (s, 3H), 3.83 (s, 2H), 3.73 (s, 3H), 2.22 (s, 3H); *C NMR (75 MHz,
CDCls) &: 171.6, 163.3, 159.7, 140.9, 139.6, 132.1, 127.0, 115.2, 114.2, 55.5, 52.0, 51.8, 29.6, 10.6;
HRMS (ESI) m/z: [M + H]" Caled for C16H;sN>Os 319.1289; Found 319.1287.
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4-Chlorobenzaldehyde phenylhydrazone (15s) [Scheme 68]. To a solution of 4-chloro
benzaldehyde (50e) (2.0 g, 14.2 mmol) in MeOH (50 mL) was added phenylhydrazine (111) (1.5 mL,
15.6 mmol) at room temperature. After being stirred at same temperature for 2.0 h, the reaction
mixture was concentrated under reduced pressure. The crude product was purified by recrystallization
from MeOH to afford the hydrazone 15s (3.02 g, 92%) as a white solid. The spectral data were

identical with those reported in the literature.>

[3-(4-Chlorophenyl)-1-phenyl-1H-pyrazol-4-yl]acetic acid ethyl ester (16js) [Scheme 68]. To a
solution of a,p-unsaturated hydrazone 13j (53 mg, 0.20 mmol) and hydrazone 15s (55 mg, 0.24 mmol)
in CH>Cl (2.0 mL) was added methanesulfonic acid (26 pL, 0.40 mmol) at room temperature. After
being stirred at the same temperature for 6.0 h, the reaction mixture was diluted with 10% HCI (5.0
mL) and extracted with CHCI; (30 mL X 3). The organic phase was dried over MgSO4 and
concentrated under reduced pressure. The crude product was purified by preparative TLC (CHCls) to
afford the pyrazole 16js (25.2 mg, 37% yield) as a yellow oil; IR (neat): 1736 cm™'; "TH NMR (300
MHz, CDCl) 6: 8.04 (s, 1H), 7.74 (d, J = 8.7 Hz, 2H), 7.65 (d, J = 8.7 Hz, 2H), 7.48-7.40 (m, 4H),
7.31-7.26 (m, 1H), 4.18 (q, J=7.2 Hz, 2H), 3.67 (s, 2H), 1.25 (t,J=7.2 Hz, 3H); *C NMR (75 MHz,
CDCls) o: 171.2, 150.8, 139.8, 133.9, 131.5, 129.4, 129.3, 128.7, 128.0, 126.5, 118.9, 113.2, 61.1,
30.5, 14.1; HRMS (ESI) m/z: [M + H]* Caled for C19H1sN>0,*°Cl 341.1051; Found 341.1054.

[3-(4-Chlorophenyl)-1-phenyl-1H-pyrazol-4-yl]acetic acid (Lonazolac) [Scheme 68]. To a
solution of pyrazole 16js (23 mg, 0.067 mmol) in THF (2.0 mL) was added LiOH (6.7 mg, 0.28
mmol) in H>O (0.50 mL) at room temperature. After being stirred at the same temperature for 3.0 h,
the reaction mixture was acidified with 10% HCI until pH 1-2 and extracted with CHCl3 (30 mL x 3).
The organic phase was dried over MgSO4 and concentrated under reduced pressure. The crude
product was purified by preparative TLC (CHCI; : MeOH = 10 : 1) to afford the Lonazolac (18.6 mg,
89% yield) as a white solid; Mp: 148-149 °C (MeOH); IR (KBr): 3430, 1723 cm™'; 'H NMR (300
MHz, DMSO-dy) 3: 8.50 (s, 1H), 7.87 (d, J = 8.1 Hz, 2H), 7.75 (d, J = 8.4 Hz, 2H), 7.55-7.49 (m,
4H), 7.32 (t, J = 7.2 Hz, 1H), 3.69 (s, 2H); '*C NMR (75 MHz, DMSO-dy) 6: 172.3, 149.7, 139.3,
132.6, 131.9, 129.6, 129.2, 129.0, 128.6, 126.3, 118.1, 114.3, 30.1; HRMS (ESI) m/z: [M + H]" Calcd
for C17H14N>0,*Cl1 313.0738; Found 313.0740.
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