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Ac acetyl

acac acetylacetonate

ACE angiotensin-converting enzyme
aq. aqueous

Ar aromatic, aryl

brsm based on recovered starting material
Bn benzyl

br broad

Boc tert-butoxycarbonyl

Bu butyl

cat. catalyst

ca. circa

c cyclo

Cp cyclopentadienyl

dig diagonal

DABCO 1,4-diazabicyclo[2.2.2]octane
DCE 1,2-dichloroethane

DMF N,N-dimethylformamide

d doublet

ESI electrospray ionization

Et ethyl

EBX ethynylbenziodoxolone

eq equal

equiv. equivalent

HRMS high resolution mass spectrum
IR infrared

i iso

Tf trifluoromethanesulfonyl

M metal

HMG-CoA 3-hydroxy-3-methylglutaryl coenzyme A
LG leaving group

L ligand

MS mass spectrum

m.p. melting point



Mes mesityl

MOM methoxymethyl

Me methyl

m multiplet

NEP neutral endopeptidase

NHC N-heterocyclic carbene

hexane n-hexane

NIS N-iodosuccinimide

NR no reaction

ND not detected

n normal

NMR nuclear magnetic resonance
ORTEP Oak Ridge thermal ellipsoid plot
Cp* pentamethylcyclopentadiene

Ph phenyl

pic picolinate

q quartet

RCM ring-closing metathesis

rt room temperature

SPPL2a signal peptide peptidase-like 2a
s singlet

SM starting material

TBS tert-butyldimethylsilyl

t, tert tertiary

TBAB tetrabutylammonium bromide
TBAI tetrabutylammonium iodide
THF tetrahydrofuran

esp DuBois-Espino catalyst, a,a,0’,0’-tetramethyl-1,3-benzenedipropionato
TMS trimethylsilyl, tetramethylsilane
TIPS triisopropylsilyl

t triplet
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GEBATORILAEMIIT VI A REORRY E LRI FELTWD, Thn
A4 RIZZEEMIEE 2R~ T 2 e b EELCEEE LTHO LN TV 2{LE N 5T
L, BB —NeEdmE LTHLEETH D, D ENTEDINPGS
nNoy—RNEamELTOT AT aA R, BHER2EREAELTODHONRFET D,
ARRETHDL LT VI a A Rid, ZTROGKT a1 AEEH EASCBEEY OH
MEWOEZHZTRY, IVETERTOBELRMLETEIT AT A FOREIIE
NIRRT FREEZL D 120 DA DT TV 5,

— 5T, BURHERIZBWT, FAYE L XV ERER S AFET H7-012, EFEEEY O
WAL TS L7 BRBEAAL ORISR EEN TV D, BB OG5 2 5 T,
Trost HIZE > TERFIRE WV IENRBIN TN D, 2 BT 2% (%)= H
I D5y B/ D5y 18 x 100] TE I, RN bF e % B9 L CEE /%
BD 1 DL oTVD, R ERNEWIMEE ., £ CDEEYN DI BREEFIFINEICHE
NG E 70D, BEABRILFECHER SN IED 95, BALE, ISR L O
LS EITIR RO R WIS TH D03, BB ISSCE B S O K 5 RIS b lE#ES
B8V HNFAET D SOSER TR ORI TH 5,

ZOXIBRBEFROL L, FEFITEWVRE TR CHMEREEREA~T R BET D HHLE
ik E LS 720 BB AS R A A W 2 EE A~ Ol A iR & T 5 EFRRER & D
FOSIZER L7z (Scheme 1), 77 o R0T ¥ i EDOLEMES % b oL EWIniE ol
BRNTLIEWVETEELZAL TR, BETEERKFZE - RESEM-GITREEEZETLE
FRFICHF L TRIGMEE RS20 (1 — 2), LrL, BFEECRWEREZMMIESL Z
&, ZEMETNLONRE HENEIN L, R RS & 25511 T ORI R
EITT5L91275 (A — B), ¥ £70, D FANOEDRMVEICERRFZ2EAL, nfid
DOIEMHALZAT 21, PARKSIZCE W EER~T o LAV EBET L LNk D (C —
D), Y Z ORISITEE  BARGMECRISDEIT L, @O T2 RIS T3 2 BREE
R DOEZEFZRA~T RRAGHIES LTAHTH %,

intermolecular N

R -<N
l N M] ) N
N ! L _
o R no reaction e— R n-activation T R intermolecular M) =
[M] nucleophilic addition B
2 1 A
N
M] ( ) ( N
m-activation ? R intramolecular [ ]"_ R
[M] nucleophilic addition D
C

Scheme 1. Transition-metal catalyzed activation of multiple bond for nucleophilic addition.
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T, J:.:E*E%,_\%%IJEH LIeHi= 72 OSBRR ZIT 2 Too 7 a7 a XUt E Lf:o DV
7 a7 a8 RNIC _EESEZAT ATOREVOT AL —2HLTEY,
WIREE R RSB — IRFAREE ORAENEIT LTV, @ 22T, N7 baFx1-14 3/ v7 =:
T a3kt L CER SR Z W RICEM LS EZFE LTz, T722bb, v orr
nR_=)LA I VICEBSRAERSES & T VLA BN D Z LTy
v a X UHRIRENER T D, RIT, KRB — KRB ADORKAE > TRB I AR
FISAERK L7, %%E?iﬂﬁg@ﬂ‘?&“ﬁbﬂ}im 2Ly, BB O — AR RTX B LE
Z.72 (Scheme 2),

NOR? NOR?
R® NOR2 R*0
[M] \
M — \ M E— ﬂ
R 5 R F cycloisomerization

Scheme 2. Transition-metal catalyzed cycloisomerization of cyclopropenylimine.

FPTNRUUNEX N A ) uTaXy 5a D EZ BYERIREYE RV CERIL
BNEALROS & M5t L7z, THF 3&@FiSE T, CuBr 2 AW CRIGETT 9 & iR L 7B b ik
{EROBEIT L, =@ 72— L 9a 23 19%DULEE T S 417z (Table 1, entry 1), F 7=, CuCl,
ZHWD & 34%IZIEED A ELTE (entry 2), L2xL., £ OO & @ AlE<> Bronsted Bl
IARBRA L BMALRUSNIZ AR TlE 72 > 72 (entries 3 and 4), KIZ, 4 F v AT —T L OfEHE
JRF OB I L THRE L72E 2A, O-7 U AAFT L 6a B O- A F VA F
v A Ta OBALEMAV OGS IIZRAITHEIT L7228 A X v A 8a M BIIRET D Er—/L 12a
IIE SN2 > 7= (entries 6-8) (55 1 T2 1 Hi),

Table 1. Optimization of the reaction conditions for cycloisomerization of cyclopropenylimines.

NOR
Ph RO
\
catalyst N
Ph@
nBu THF, reflux, 0.5 h nBu
(E/Z)-5a-8a 9a-12a
entry substrate 2 catalyst (mol%) product yield (%)
1 (E/Z)-5a: (R = Bn) CuBr; (20) 9a 19
2 (E/Z)-5a: (R = Bn) CuCl, (20) 9a 34
3 (E/Z)-5a: (R = Bn) AuCls (20) 9a ND
4 (E/Z)-5a: (R =Bn) AcOH (20) 9a NR
5 (E/Z)-5a: (R = Bn) CuCl, (10) 9a 33
6 (E/Z)-6a: (R = allyl) CuCl, (10) 10a 60
7 (E/Z)-Ta: (R = Me) CuCl, (10) 11a 60
8 (E/Z)-8a: (R =H) CuCl, (10) 12a ND

a) E/Z ratio of cyclopropenylimines 5a-8a is 3:1.

FEVN T, C=N fA DRI FUSTEIC 5 2 DB OW TS 728, 2 MLk % 72



TNAFNIEEL OV a T aX=b A I (E)-Ta7d £ 7215(2)-Ta-7d % VTR B b
KIG % T>7- (Table 2), T OFER, WFNOBA D E KOG TR Z KOG X 0 IR
METT 22 ERHBMNTR o T, RIS tert-7 F VD X 9 ipdEm W IE 2 AT 554,
Z RO IE TIHECMTEEIAEE SN0 LT, E ROIE T 77%0 RS AT &
A7z, (entries 7-8), ZALH DFERIL, EREFOIFLFE LR LT 7 0T a0 XUBRD syn D
ERR DG E I D HEREBRMALIEAET L TS Z E AR LTV D, - T, FFdk
HEIxEY 7 a7 aXUBRONMEBMEN anti THDHE BLEOY 7 a7 aX=L{4 I D
BOSTIE, LRI OEFE T Z BE~O R Z R L TV D TDIERPME T Lz & B
ZTW5, (1 EHE 2 i),

Table 2. Effects of the geometry and substituent at the 2-position of the cyclopropenylimines.

MeO\
/N N—-OMe
Ph MeQ Ph—/
CuCl, (10 mol%) N CuCl, (10 mol%)
§> S K e §>
THF, reflux, 0.5 h THF, reflux, 0.5 h
R R R
(2)-7a-7d 11a-11d (E)-7a-7d
entry R geometry of C=N product yield (%) a)
1 nBu V4 1a 66
2 ___...pBu__ ] E Ma o8 .
3 Bu z 11b 85
A By ] E Mb_ ST .
5 c-pentyl z 11c 53
8 __cpentyl E Me 42
7 tBu z 11d 76
8 tBu E 11d 10 (77)

a) Yield in parentheses is for the recovered starting material.

WIZ, r7aFuxXUR EoEs REICEREL AT 7nr a4 I %2 [
N TR O VS i 6 I B9 2 et 21T > 72 (Scheme 3), v 7 r7rmX=/LA4 I D
QAL E 3PLICE=FVEEE B O(2)-Te 151 65%DULER T E v —/L 1le 235 H L7z, K
W2 L& 2 icEfE A b oy 7 a7 a X (E)-13 Vb L BH—oUE# e o — /L)
Bonlc, 612, M6 3O TICEREL AT LV 7 n 7 mX/(E)-15 D6, X

D EIRSEEDLETH S T2D, RIZITHFENLREBEREFOZ LOEEELE 2 — /LY 56%
DULR TR LI (BB 13 3 i), 7
MeQ, OMe
N N
P MeQ e Meoi\l
o N EtO,C o
et CuCl, (10 mol%) Ph@ 2 jgs CuCl, (10 mol%) Me—_ |
2 THF, reflux Et 2 THF, reflux R
Et 65% R 14a: (R = Ph), 77% EtO,C
(Z2)-Te 11e (E)-13a-13d 14b: (R = 4-CICgH,), 83% 14a-14d

14c: (R = 4-CF3CgH,), 91%

OMe
/ 14d: (R = 4-MeCgH,), 84%
Ny MeQ ( eCgHy) o
fo.ctl e CuCl, (10 mol%) N Ph
2 oy o Me— |
3 PhCI, 140 °C
2 led tub Ph
Ph (sealed tube) EtO,C
(E)-15 56% 16

Scheme 3. Synthesis of multisubstituted pyrroles from 1-iminocyclopropenes.
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Z OBALBEMAC RS OA M 2 TR T 572012, B D it 21T > 72 (Scheme 4), £ 37,
VIUNAFVHEEL OV u T a X ORIGTIE, BB SON RN U LA U
DOMEERRRFZEIT L, 7 a7 VREAT 582 —)L 18 18 49% DR TH L,
EHIC, AT A REKEZbLHOY 77X ThHEERIC, BEREMEE A FF OB
BEDS—Z2ICHEATL, Er— 20 3506070, &#ZIZ, 7 b=V EE A5 7n7ax
=vA 221 OBALEMCIEDH, B L BRSNS OWTHRE L, Y7 raxHZ >
L. Sc(OTH; Z1EA S E 2 EBRILENEITLEr A Y X3 —)L 22 B’ELIZ,

CuCIz (10 mol%)
TBSO. THF reflux, 0.5 h
49%

CuCl, (10 mol%) N
—_—

THF, reflux, 3 h
56%

(2)-17 MeO
NO
Pl = 1) CuCl, (10 mol%)
CO,Et THF, reflux, 0.5 h
2) Sc(OTf); (200 mol%)
R DCE, reflux, 0.5 h
(E/Z)-21a: (R = nBu) 22a: 53%, 2 steps
(E/Z)-21b: (R = Bn) 22b: 50%, 2 steps

Scheme 4. Cycloisomerization-elimination reaction and synthesis of pyrrolo| 1,2-b]isoxazoles.

FROBLAMENKIGTIE, 7 araX=rg I 007 a7 a0 & n-LewisHR
MOERB AR A CIEMEL T 5 2 & T, BRIV UHRRERAR L, itV CTERFTO
REBEBEIZ L OARKIENETT 52 L TR — /L BN LTS (Scheme 5, eq 1),
ZOTNaAX A I UOBRFE IR E U THERRIGIZVNETH VD BRI 1Xazh
RO NIV A IVEROREMEOH LB, I UVORE~DFENREBEZOND, £
TRIZZ D X D R e B 2 FF o ~7 a JR F-OSEZFIH L, S HIClR+ 258
NIZHLAATe~T B BROFIAGHIEEBRL Lz, T72bb, ZEMEA Zn-LewisfatE 0B
SR CTIERE L, —HOERFEFORBKLEBICLY | FEFR~T v R 2 ISP REIENE
L THERELTth, TOERZBRTEHEE Liz~T alit (X) DGR ERD LIy TikE
AT 20X, EFEROGNZ K0 M R E ) G EME R S E R AT o RPETE L EHE
Z.72 (eq 2),

NOR? NOR? OR? R20
R® R3 RZ N \
[M] 7 \v 3
M| —— R 1
n-activation " N\ v _— \ R! M
1 cyclization
R' 3 R' [M] R y 4
L G F i
R r R reactive site 7
—~ ‘g N
% _N\Rz [M] X _N\R2 X+ R more complex
" > N _— N-containing
-activation cyclization ~R2 (2)
— g n-ac —=" Rr3 Yy N—= heterocycles
! M] R3
M) [
23 - H 1 -

Scheme 5. Our work and working hypothesis for construction of more complex N-containig
heterocycles.
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RS A IS, TR CARTEME L LTk, BT 520 D~T 1 O T A sRELH
freF DG ERIE L-, T7hbbRRTIVERTDHIE KTV RERE L L TER
LB AEE A - BB RS 21T 20E, Av e T rEow ARREICH L TT 2 REEMN
O ORIZBEENZ K D12-50 SR EIT L, IRFE—ERES O A > TER R
BEILUTHEERR LT ~7T B BROEEECX 5 L 487E L 72 (Scheme 6),

~ —
@} M) Wgﬁn o
HN™ M,

N—N
cyclization 04\/\ R 1,2-migration 10 50 =)
0 X
Ng M] C-N bond H
24 J formation 25

Scheme 6. Sequential cyclization-1,2-migration reaction with C-N bond formation.

TUDIC, BRTIVEAETL a4 — T I RO — AT SR O RS SA: % fdt
L7z (Table3), £9\ R U VRAEFT LT AF =/ RTY R26aa%x12-Y 7 mrxX
VEBWAME T, ML LCCuBRE Ve A, HOE T Y el ¥ 27223 21% 0
PEETHE LI (entry 1), WIZ, #kx R8s L OVAL 2 it Lo 2 A, Z7ra Xy
BB T CuBrz V% & 42% E T M) | L7z (entries 2-6), H72 2R D |
U LT, flix OFNEF AR L2, 22-E U 2o X 5 ITREE D B HEE DS OB
FIIASICHE VRN TIE AR08, 1,10-7 =F > hu Y oo X ) 2RI 2 HiE o
B2 WD & BB — 5SS i b IR E K EIT L, 7Y rE ) &Y 27aa0393%
DR THE SN T- (entries 7-10) (B3 4515,

Table 3. Copper-catalyzed sequential cyclization-migration reaction of alkynylhydrazide 26aa.

; 7 N N\
NQ catalyst (10 mol%) ﬂ <:I\>_<\l:>

HN™ ligand (10 mol%) N—N 2,2 bipyridy|

O)\ solvent, reflux, 0.5 h o%\/\Ph

D s

26aa Ph 27aa '
entry catalyst ligand solvent yield (%) 1 /N /N
1 —N N=

1 CuBr; B DCE 2 1,10-phenanthroline
2 CuBr - DCE 5
3 Cu(OTf), - DCE trace
7 N\ \

4 CuBr, - MeCN 20 ! —N N=
5 CuBr, - EtOH 25 } Mé Me
6 CuBr, - PhCl 42 neocuproine
7 CuBr, 2,2"bipyridyl PhCI 28 } Ph Ph
8 CuBr,  1,10-phenanthroline  PhCI 68 3 7\ 7\
9 CuBr, neocuproine PhCI 64 3 =N N=

. ' Me Me
10 CuBr, bathocuproine PhCI 93

bathocuproine

WIZ, ARBISZE T D7 % VKO BN R U THRET L7 (Scheme 7), & Dk
B, TR UREEOR BB EICERA RERILE L ORE TGP EIT L, B 5
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BLOBEFRIIED L) REHIEOFIEIC 0D BT, st 7y ) ¥V ng
IR TE SN, 5T, TR VR n-7 FNIE AT 2 FE 2 AV TH ARG
IECNZHEIT LTy F7- teart-TFAEDO L H I EEmWERIL A O RE T . SRR
REETHZ L TEINERTE T a0 ELN5 2 Lotz (52 E52 ),

R = 4-MeCgHj), 96%

(
HN CuBr, (10 mol%), bathocuproine (10 mol%) N—N (R = 4-MeOCqH,), 86%
o%\ 4\)\ (R = 4-N02C6H4), 77%
o R (R=
Ng PhCI, reflux, 0.5 h (R =nBu), 72%
26 27 (R = tBu), 96%, 24 h

Scheme 7. Substrate scope for terminal alkyne of the alkynylhydrazides.

fE T BRIR T X BB D — RIS DWW TS L 72 (Scheme 8), BRIRT X U HMLICSEBR
EHETOLA e RryvrsaXro2ea—vEiZA R V%ﬁ?é%giﬂ% T =R
DONN-HEERI 7 > 1 L 2Tbaks K O27can’ifd bivlc, £/, BEr U P UVENICEHEAE L
HLORE AN TCHLRIET A E T Y r e XY 27dai G bz,

i

HN

CuBr; (10 mol%), bathocuproine (10 mol%) N—N
05\ PhClI, reflux, 0.5 h O%\/\Ph
26ba-26da Ph 27ba-27da

:§ :t> i>
N N N 2 ;
HN HN HN

N-N N-N N N
o%\ o%\ o%\ oA Apn oA pn  0FAA e

26ba Ph 26¢ca Ph 26da Ph 27ba: 89% 27ca: 63% 27da: 90%

Scheme 8. Substrate scope for cyclic amine moiety of the alkynylhydrazides.

Bonlte Iy )Xo AEZHRT 2HMT, 210 ERELR LT -
(Scheme9), F7°, 272 /KFEFRHK T, PtO & L HIZEET H &, BT Y oo _@EiEMN
BILINTZET VY 28367, £7. aUvH#Eb, 72 =T A9 2LV 29ak
KURRELI, BTV OALCERIELZEAT L ENARETH T, SHIT, 7
X ROBINVKR=VHEOZER L L CLlawessoniddE A AW CTINEVE T H Z & C, 7487V
V303 B AV (B2 24H),

ﬂ (PhS),, AgOAC ﬂ

N-N Hz (1 atm), PtO, DABCO (cat.) N—N
oé/\)\nau AcOH, rt < > MeOH, rt 0=\ ~nBu
28 (R = nBu), 94%

(R = nBu), 61%

N—-N
\/ \/ OM\R Ph™" 29b
27
NIS Lawesson's reagent N=N
O%\%\Ph . .
CHCI3, 50 °C toluene, 100 °C
5 SM\nBu

(R = Ph), 85% (R = nBu), 70%

Scheme 9. Transformation of 27.
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ABABR — BB DO SOSREISIZLL T D L 9 (THEE LT 5 (Scheme 10), £ 9, Sfiffit &
NI 7T AR KICEV T AF=/Lt RTY R 26aa DT V¥ A NTEHL S
% Z & T S-endo-dig RALDEIT L, AR T U E=0U LHFEEM BRSNS, HEWTT
SR hrD I3 EMICE VT I A I RNBNERT S, Riceve ) V=0 LAD%EHE
JAFICHE T DIRFBIE I L THIT I A X RN OREA 4 DREZESTHZ LT
FALT VXL O BAERKRT D, wZICET I N EBALT L FIVEAL D 551 NREEE LG )
#7952 & T, LD AZ N NNARRBIE 7 Y v 27aa WK LTZ LB 2 T D,

(/t‘/r‘ = Af

2 3,

HN CuBr; (10 mol%), bathocuproine (10 mol%) N—N
o%’\ PhCI, reflux, 0.5 h oA A~pn
26aa Ph 27aa

O K N g Br
NN + N
N “N-N 4 \ Br NN
o%\ _ N—cu=\ Cu
\,\ [ O Ph JEE—— /7 \ + —> B -\
Br\ "\\Ph B Br N—N r N—N
L Br—Cu—Br
N/Cg Br / \ O%\)\Ph O%\/\Ph
\_/N NVN H H
L M N o

Scheme 10. Plausible reaction pathway.

WRIZ, PABR — BN SN ENY P UBRERT LT VF =)L FT Y R3laa~EBHTE %
RET LTz, FEHEOF LR Y NN-57-HEERLEW OB RIZ B L TR & RAFFE 2T 5
AT BNIMBRALSOSIZIR BT 5, 10 2070 ARG EEE 31aalz s L Chil i #IEE
ToHhIUE, NN-57-MEEACEW O 272 —RAVERIEIC 2D Z NI s, A LTk
WA T3laaZ /EL L=, BT Y a7 P 3aald T RREDIVR T LVE LR Do
7 (Table4,entryl), % Z T, 3laallxf¥ DSt AT 7DD 21T -7, 3laax
AUBIIFIE R, NV 7 7aAf bbb S/ E A, IWENRE T ELE (entry 2),
S fitt 2 D B BR OB A D SLEME A S NS 572012, BN FIEFLE F ChIG 1T -
& T A, WRIZKRE BT BN BB N2 ERboo7 (entry 3), S BHIT,
it & L CAulZ W5 L RUDIETE 7 Y r o7 ¥ v 32aants bl entry 4) (3%
EARE)E

Table 4. Sequential cyclization-migration reaction of alkynylhydrazide 31aa.

catalyst (10 mol%), ligand (10 mol%) N—N
04\ PhCl, reflux, 0.5 - 12 h oA A~pn

31aa Ph 32aa
entry catalyst ligand yield (%)
1 CuBr, bathocuproine 44
2 AuBr3 bathocuproine 53
3 AuBr3 - 52
4 Aul - 92




ERYDUBRERT LT IVF=LE BT Y ROT LF RO BRI OV TG
L7z (Scheme 11), AR L= m U PUBROE LFRIEIZ, TAF 2 RMICT U —L B
FOTNVFNVEEETHTLF=LE RTY RADLHIETHE T a7 EEVR21E
7R RE T B AL (BR3E S 26H),

R = 4-MeCgHy), 87%

/,\O 4/\) - o
HN Aul (10 mol%) R = 4-MeOCgHy), 89%

(
(
N—-N (R =4-NO,CgH,), 84%
(
(

O%\ PhCI, reflux, 12 h O%\/\R R = nBu), 80%

3 R 32 R = tBu), 73%, 30 mol%, 72 h

Scheme 11. Substrate scope for terminal alkyne of the alkynylhydrazides.

T, BRIRT L U E L O —RPEIZ DV TRRET L7z (Scheme 12), BT 2 BB DA
AFNVHRTZ AT N ERTHHRENONFE L YT Yy a7 -32bal32canid b
72 WIZ, EXRY VUL B L OBMLICATFNVEEZFT ARG NN EI T2, &
DFER, B DU A FNHAEFH T H31dan HITINER K < BOILENE S
N S ER32dads L UB2da M LlD LR TR bz, £o, BN DAL A TFNEE R
T 53leaZ fL &5 & NLiEEMR32ea l 32ea’ G DT, MEEIRMES LUK T L

77
R
N &;
HN g Aul (10 mol%) )

N—N
N PhCl, reflux, 12 h 0 A~ph
31ba-31ea Ph 32ba-32ea

Me Me
m N-— N—N N—N
N N
/ Oé/\)\ é/\)\ OMPh OM\Ph
Ph 2 2
g 32da 32da Y, k 32ea 32ea Y,
32ba: (R = Me), 98% Y Y
32ca: (R = CO,Me), 80% 97% (32da:32da’ = 9:1) 43% (32ea:32ea’ = 1:1)

Scheme 12. Substrate scope for cyclic amine moiety of the alkynylhydrazides.

U bo ke, ZEMEEOEMALEEN E L TEZERFOSFNREMNINBISEZ N LT
ZEME R — LB LORRM Y 7 v VORI A BIEDOBRBIIE 21T o T2, ZDRER.
vraraR=)vd I EROWEBRE RS T AERE r — LA SRS ERO Y R
“W%%A&T%é ER Mot £l BRIRT I VERTAT IR =LE KTV RD

B AR & OSOR T, BABRSOG & B RS0 ROS T T 5 2 & T NN-fEERA O
TV EHMMELND & DM ﬁotmﬁﬁmiwﬁh%ﬁ%mﬁim%fﬁﬁﬁ
GEBATOREEET DL ZENARETHY . BRERAMEICENRISTH D,



p={}
#

F/L1E vrvnTaX=A 2 UOBRIEEME IR E D
ZiEH e 1 — LG R TE D B3

o — U REE LR Ea— U dEWEEBEELZ R T Z DR E LTEHT
HD, M EEZ, 4 SO —ANERRICHA LTEEEEZFFORL T 4 U UR0F0OFHERIT
EJELEEREER L, ~2a7ur 7 4Ll L TR hO M ORI ER-CHY) DA 7R
EDAMEIIEAE T 2, 219 20 X 5 IR R bR X OVELFRIMEE 2R
ZEmb YR — IR A B OREFIC L o THIEWEER~T o B TH 5,
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TEEERAERN O T MV RAEZF 00 BHilan BRI TH LT a v v —EBHERO
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Figure 1. Biologically active compounds bearing multisubstituted pyrrole moiety.
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Scheme 13. Classic approaches to access multisubstituted pyrroles.

AR, BAZREET. MWREFIRTEERAT R REHEET 2R OBIRFIED 1O
L CEBRRBME A WL EE L TETWD, Y Er—LOARKICBE LT
xR POSHRAUC LV FEx DZEWE 0 — LV OERIERRWZENTVWD, Zh b DG
ZRWDHRGOEICER L, 3 D125 FE L7 (Scheme 14), 1 D HIX 1 %5 D5+
Lo%@E e e — HEEETH Y | REM2BIE LT (a) 9 FICIRHE — RSB ZEHEAS
SEREGENL AT LT I CEIEA I U ORBEMVEUER, 17 (b)) YT VbEmE Wi
N-HffASGR, ™ (¢) VA AEEMDOHBRA X2 ARG, D) 7YV, 7YV,
B-7 7 & Lix EOFEF/NERILEMOBRILKIIE, 2 (e) $LIKT I DERLRIBRILIE .
W) TV NMEBEWDORRA X2 A, P(g) FET RNV AT I VERIITL=AT R
> DAI-BBERS, 2 (h) A AEEW D Heck TG/ ENH D, 22 S HIL 2 sy Doy
FRIOETH Y . (1) BRAIAHANBRAELEOE, 2 () TBRRIB3+H2]-AINERIB OGS Z AU
FUT D, 203 DHIE 3 YL ORI R INBRAL S IZ K D2 #AE L TH Y |
ZHETIT (k) TBRAIR2-2+1 AP LS, 2D (1) TERAI[3+1+1]-( B BSOS 2 (m) T&
KR+ - ANBA LS E ST D, 2 2O X ) ICEERE v — L OREIZE]
L CEHDOBRIENBR SN TWD N, KLEOWEFNIZBWT 1 2L EoRMEE R 2 T
DT EMmD (MLEBEIWE, ARWIEFIE AR, ROBOSRER, B LW OSSR,
Al 72 IR U AR A O . B OGO, #IME e ROSEE £, BIE
TH, FRELEHRE 0 — L OERIEORBENEEIL TN D,
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(a) cycloisomerization of enyne or allene or diyne (b) N-H insertion of diazo compounds (c) RCM

NHRO O

J& ’ g\///\R &\\ szw

p b

(d) ring-expansion of small ring (e) oxidative cyclization
p it A
1 5 R\ 1
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_____N NH 2 HN
Rzﬁk 7 R ‘S\I RS
4 —
R4S OTBS |:: > e R < R
] 0 R® OH
R\N multisubstituted
pyrrole +
N R® j
RZ—Q/_ . R2—— oxidant

2 ) N

(f) ring-closing metathesis of azide compounds (9) cyclization-elimination (h) Heck-type cyclization
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) N3 N; O K \N

R R? 2 _R1 KM
;g%RS WR R2%2R4R HN-R R2 \ R*
R Re R® X

R3
(i) formal [4+1] cycloaddition (j) formal [3+2] cycloaddition
| 1
: R\N ) RS - (0) R5
Rv s NH,R' : R* R~/ 1o
Rz\\\N“l |::> + I R?
R RI=—= =— 5 | R’ 5
R - : N R® R R
! 2 NH
' 2. « +
1 Ea VY I
) | LR X 4
N RS NH 0 1 R3 R
. 2 :
Rl = R D
\ — X R ' R1
R4 R3 R4 E N R5 R\1 R5
RS ' . N 3_— 4
: RZ’\\,* >R2—<—<O+R_R
1 R* LG
' 3
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(k) formal [2+2+1] cycloaddition (I) formal [3+1+1] cycloaddition | (m) formal [2+1+1+1] cycloaddition

R! NH,R' R, R' R’
Ni R R? RO N R LN R NH, co
I:> || + || E Rz‘%,/\l[ E R2 l I:> CO +
4 ' . 4 '
3 R P 3 R | 3 //—(
R R3 RO R , R
N-R" |G R Rijl RS R'
H I 7 N _ tps
|:> R2_</ ,\|l(2 | o NH, Ho. RS R = NH, “-N-R
E Rz_// + ' =% || o +
=R ! Il 5 R? R3 CSN-gs

Scheme 14. Transition metal-mediated synthesis of multisubstituted pyrroles.
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iﬁ@i&%ﬂ#%é D3,
Wright 538 L EHFHD 7 L—7
WXV UEREr — B3G50 2 & Z2HE LT\ (Scheme 15, eq 1 and
N TS TIEH 223,
WCWEORMN D D, iz, ETFELIEv 7 e ra~iixd 5= U O
BED GaCl BWLETH D
3% % 7= Gevorgyan 5 | 3-
EEMACEOSIZ XY

R K
MOIRE D —E Y 0 — L OERIELZ L TWDH s, by &
T LMD S ER Y 0 — L OREFIE L ITEWVEED (eq3),
Q-v'V Uy s a7 u~r L Wilkinson

ESE RN = SOVALSS: RN
v e — VI DOEGL OB

BRAL BSOS
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Ph 23-25%, 2 examples Ph
o (R = Ph, 4-MeCgH,) R
33 Wright 34
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R + R
RS 18-80%, 17 examples 4@/ A%J\R“ (2)
ratio of 36:36" = >99:1 to 12:88 R3 R3
35 Hiroi 36 36
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N
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(1.0 eq) 17-65%, 6 examples
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R® 37 38 Hirashita R 39
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67-95%,11 examples \ |
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Scheme 15. Synthesis of multisubstituted pyrroles by cycloisomerization of cyclopropenes.
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AL EEPE BN MR B e — L O e Gk E I LTV D (eq 4), © LivL,
0 LR LB v — L ORI DI Fm WA BIEDRB N EEN TN D,

Z I TEHRIE. BOE IR OO E I I 2B Y — VOB RIE O RN
ZHE LT, n-LewisEeE OEB SR Z Ao n 7 a =1 I U OBR(EREMELK
JiaZ GEE L7 (Scheme 16), T 72bh, 7 uru =)l A I U3TH L CEELE B
Ao, 7 e 7a X N7 V7 CEAICER S RMBEO M INBOS A EITL, 7=
TRENBDFFENERT HEEZLND, fit\ T, 7 r7axXy LEREICEWOT A
TRNAX—% b O 7 aFaXrOOTHOMIEEERE ) LT, kRE—IRFERME DA
ZfEo TEB I NXUHBKENERT D, D%, BF I A HRORE D RSE
JR PR U TEBIR T O RIS HETT 5 Z & TON-T b ak e —/u4n
BFohsdEX T, MaT, BHRESORLR S V7 a7 a1 E Auiidtkc 72 2 &
Er— LA EWRFIRTHRETE L Z EMEEI R,

NOR? NOR?
RS NOR?
[M]
<D> ﬁ>—m T%JM —_—,
R' 3 cyclization/

isomerization

Scheme 16. Transition-metal catalyzed cyclmsomerlzation of cyclopropenyhmlne.
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5 1ET RIS OIRE

XL O, RUDNEEET LY 7 uraX=)L 1 I 5aD EIZIREWE AWV TERILE
PEAC RS Z MGt L7z (Table 5)*!, THF #2ik F. bl s LT CuBr, Z HWWTRISZIT O &
HEODBMACSOENEIT L - PN AT V4T FN2-7 ==L —/b (9a) % 19%D
PEETHLNT (entry 1), ALUSIFIALERIRACHEIT L, fLEBRMEAKTH D 1-_ VA
XT2-TFN5-T o= — VAR T VO ZERE 0 — L 9a OB LIV,
WIZ =B 1 —/L 9a DL L& B E LT, BEED 1 7 ALEH A AV CSOG & Bt
L7z& 24, CuCly & W T 8A TR DS 34% () L7225, 1 oo gifii <13 B A4 34K
T UG B2 - 72 (entries 2-4), Fi\ CTHE 54 B L LT AgBF,<° AuCl; & Fu»
TERALBMHAL Z AR T DA H 2N TIE D> 7= (entries 5 and 6), & 51T Brensted [
figtt & U AL R OFEE 27 L7228, ROSZE<EIT Lo 72 (entry7), TDZ &b,
ARBOEDEITITII AR T AR AR TH Y | CuClh b BWIETH D Z & 23550
7zo E£72. CuCl % 10 mol%I\ I L CHUi & 1T o 72 A3 SUG R D IE & PR OAR T I1EER0
BV o T (entry 8), RIS AFIZEEZID 5< 705 Z L2 MIFFL T, L0 &
MOEEEZ FAWTRINZIT o720, ZE#HE T —/L 9a OYEME T L7 (entries 9-11), F
o, vyruraN=A I OBERT EOBBESRICEAL TR LIZEZA, 0-T Y
ATV 6a BLO-AF LA X A Ta OBALBRMACSS TS RACHEIT L2203, 4%
T A 8a MBIEIRINT A E E—/L 12a FH O/ o 72 (entries 12-14), ZOFEENL, K
BOSIEY 7 m 7 a = I ORFRRETF EOBEHREO S ST EELZ T, a0k
VBRI IR BT AEAATES Dz, L, bmMENAF A 8a &V
THNMIELSET LR D o7z, THUTFEE S AELIZ R < B35 2 & ¢, A RIE L
ZEPFERTHD EEZTND, UEORERNS, RECEMASISIZIT D il 54
%, THF &yt ., fili & LT 10 mol%? CuCl % i\ % entry 8 & L7,

AR CHW=v 7 a7 e X=)L1 I 5a-8a, 7b-7d [T, 7/ 7/ aX=/L7 K 44a-
4d Z Y DUFET, B Re X7 2 UIERRE 45a-45d S HEAT D2 E TR LT, V7
B aAN= )L R d4a-44d TSR OFER 0 U MMEIET, TAF VT Y TR MY
=/ @)D aTa A XL, B, REIC OV TR 4 25 1 #ci
WL,
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Table 5. Optimization of cycloisomerization reaction for the synthesis of multisubstituted pyrroles.

NOR
Ph RO
catalyst Ph‘@
nBu solvent, reflux, 0.5 h nBu
5a-8a 9a-12a
entry substrate 2 catalyst (mol %) solvent product yield (%)
1 (E/Z)-5a: (R = Bn) CuBr, (20) THF 9a 19
2 (E/Z)-5a: (R = Bn) CuCl, (20) THF 9a 34
3 (E/Z)-5a: (R = Bn) Cul (20) THF 9a 3
4 (E/Z)-5a: (R = Bn) CuBr (20) THF 9a 15
5 (E/2)-5a: (R = Bn) AgBF, (20) THF 9a ND
6 (E/Z)-5a: (R = Bn) AuCl3 (20) THF 9a ND
7 (E/Z)-5a: (R = Bn) AcOH (20) THF 9a NR
8 (E/Z)-5a: (R = Bn) CuCl, (10) THF 9a 33
9 (E/Z)-5a: (R = Bn) CuCl, (10) PhH 9a 20
10 (E/Z)-5a: (R = Bn) CuCl, (10) PhCI 9a 5
11 (E/Z)-5a: (R = Bn) CuCl, (10) DCE 9a 13
12 (E/Z)-6a: (R = allyl) CuCl, (10) THF 10a 60
13 (E/Z)-Ta: (R = Me) CuCl, (10) THF 11a 60
14 (E/2)-8a: (R = H) CuCl, (10) THF 12a ND

a) E/Z ratio of cyclopropenylimines 5a-8a is 3:1.

WIZ, C=N fEBORMBMENLISMEICE 2 BB IO, v /e 7axX=1f D2
REDBEHIEZN ROV TR L7 (Table6), 7 1 F =)L A I (2)-Ta £1-1%(E)-Ta &
S U7z St TS D &L Z RO Ta BT 66%DILER, E KD Ta 51 58% DI
RTCZ@EHE T —L MMa BB O, HEWT2NMIA VY TFIE, 7 aXUF i tert-
TINEERT DY/ aX= A 22 Tb-7d ROV TR LG E T T2, D
R, WIThoEeYL ERDv 7 a7eX=n A L v EAWERIGTE, ZEROKIELY
B — LOWRMETT 2 ENRH LN ST, FFIT tert-7 FNIEED X 9 I m O E
EAHT 54 T Z KOG TITE0MIT BN EE SN-DICk LT, ERKDOREEIT
T1%DJFE DT B RFF LT E E E R E LTRSS, O DORERIZ, EFRFET
DOIILFEFFE 70 Fa LB syn OALEBIROBEIZ DO BB BV S S LT
LTWNWDZEERBLTND, 77200, FEFETIE V7 a7 v XU O EBGRN
anti THDH E KOV 7 a7 a =AU ORIGTEH, BILEMAL O T Z R~ Bk
BB L TWALEONENMETF LD EEZXTND,
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Table 6. Effects of the geometry and substituent at the 2-position of the cyclopropenylimines.

MeQ,
/N N—-OMe
Ph MeQ Ph—’
CuCl, (10 mol%) N CuCl, (10 mol%)
R Ph‘@ -
THF, reflux, 0.5 h R THF, reflux, 0.5 h
(2)-7a-7d 11a-11d (E)-Ta-7d
entry R geometry of C=N product yield (%) @
1 nBu Z Ma 66
2By Eo ] Ma_ 58 ..
3 Bu z 11b 85
4 Bu E 11b 57
5 c-pentyl z 11c 53
6 c-pentyl E 11c 42
7 tBu V4 11d 76
8 tBu E 11d 10 (77)

a) Yield in parentheses is for the recovered starting material.
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F2H RO D E

ZEROT 7 araX= g I U OBR{EEMALRIS OHEE SRR E % Scheme 17 I1Z7RT,
EFP. ruTaRm g (2T DERRFE v T a XU DR — R EE G
NI CuCl BEMLT 2 2 & THRZ)-TA WAERKRT 5, RIS, TA7 ELIC CuCly 23T
BRGNS Corruerarvh T4y P BSEHRENDS, Y30 Kkicyr7a”
RN VBRDOBBR A o THI AU Q BERRT D, BT, A I VERBH AR IRFEE
KW 2 2 L THBRKEAEIT L, Ea ) v AR R BAERT S, BBl
BEL . RN T AL TCrE— L N BRERLEEEZ TS,

MeQ MeO\N
N /
Ph
Phﬁ i
R
1 s
)/ CuCl, R (2)-7

ring-opening/
isomerization

Scheme 17. Plausible reaction pathway.
W, REJEDFHERNZHDOWTLLFOHEBIZHOWTEE L @I 2,
1. vZ7uZuX=)LA1 & CuCl OFINBIGSZ BT DAL E SR (7 — P)

2. EROL 7 a7 aR=bA 3 v DR
3. vrmaruaR=)bA I Ta-7d ORTERMIZ K DR OERIZET 5B
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1. v7ua7aX=)LA I CuCl, OIS B3 DAL E IR

vruaraX=)A I T OT IV UENIC CuClh WAINT 281, v/ a7 aX=)L
AIVD2MNBLROBNICEBRSBEIMIINT 2 AEBERB X 6D, Ma blId 7 e e~
=)VAIVRF U L — | 46 % Cu(acac), THLEET 5 Z & T, (EERINANTERIL AL SN
HITL, ZERT T NG LNDZ EEZ R LTS (Scheme 18), 3! 37235 Cu(acac),
WD L, 7 a7 aXUBENOT VA7 R RS KR E A ind 5 = & T
ra7ab =V T Ay SERBLT234-ZEH T 74T R ELNTWD, vruarna
R A X' HOTZBRAEEMACSOS ONLEIEIREDOFER NG . ik U7z U & RERIZ
vruaraX=)bA I T DT IV CEAIT CuCl 23RETHISAINT D B8, 5 2 #d b
WARBDF A KO LRERSE 3D AINVER T F A BMERWNERT Do 7 a7 o~y
=AU D3LZ CuCL AL TV D EFE X TS,

(o) CO,Et () CO,Et o
o >j _
Me>j> Cu(acac), (6 mol%) M Culn Me S l
MeCN, 100 °C, 48 h + nBu
nBu 46 nBu s EtO,C 47

Scheme 18. Catalyst-controlled cycloisomerization reactions of cyclopropenyl carboxylate.

D.ERDOY 7 araX= )L A I DRGSR

ABALBMEACSON T 1 T 1 HiCR~_7-EY ., EfEOY 7 n 7 aX=b A I UK
Eﬁ@fzﬁ%m®£$M%ﬁmLT@ﬁLT%éE%K(V% E IR/ A== P
VA XV 5a % THF &t ~, SO & & I L7856, RISH 2 EITET,
BN STy 7 a7 aX=)LA IO EIZ ZMEKIREY O R Wmﬂ@#ot(mm,
entry 7), ZDZ LD REALEMEACEISZ I TES O MESE Tl C=N #5 & 0 Btk
(BSOS ITHET T, C=N fEA O BMELIZIE CuCL 23 5- L TV D 2 EVRIB STz, 7e ks,
— IR A T A= —T VD EIZ OEMALRISIZIBN T, 2UZ X D B LRUNTIZ & A
EETL2VWZ ENMESNTWD, 7 F7= Lewis Bl A il & L= BMAbicBWTHEW
FOGKRFRZ BT A Z ENMLNTWNDE, ZoZ b vr7rruarX=/L1 I & CuCl
W2 LD BT DT NTEIT LTV D TEEMEIT S £ 725, KEIIBHERZ IZE ML L T D
TENHEIENTZ, B ERBEER, E Koy s uTaN= A 2 U DORISREZ LT O

omﬁﬁbk(&mmu%oif\Em@yymfm&:w4iy7ucmmﬁﬁm¢5
Ty ruru b= FF T RERSIL, 7 a 7 ma /N BROBBRIZEY A I 5
ALAS E BLiE O 71 /L~ R U DNERT D, IRITA 2 /L@%%ﬁ%ﬁ%® O L
HLICE D AF Y =0 ARV SR SIS, VDS ZBLE O 2 L~ R RHE Q 12 5Bk
L. Q DA I VEHENLIAI NN DRFILA~OREMAMEORIT E Y Br Y =7 A
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R R DNERKT 5, HZIZ, CuCl ONiBEE HFEBAEPET T2 T —L 11 D
NizEEZ TS,

\ N-OMe
/

o 4{‘1 F>hAj>

1"
y e & N
N—-OMe
4

MeO + Ph

] _
Ph‘q 4§>\0uu2
R

Scheme 19. Plausible mechanism of isomerization of cyclopropenylimine (£)-7.

3. vYruruaX=)vA IV Ta-7d DRI L DPERO AR IZE] T 5 552

vruFul=)LA I Ta-7d Ot (Table 6) (2351 D EmHMEIC L HUICRDAER T,
2 NEHIEDONREEICENT 5 LB TWD, Thbb, RMIGORBEMIZK TV 7
07 a X DT SENLA~D CuCl, OENIIE, A X O BT BT 2 fLOE
BILIZ > TIRLZZ T 0, ZEEOLGEX, 4 I VEFRO CuClh ~DENIIZ LY | (2)-
TA DR END 2 LTy r7r7u~XUEE CuCh G LT < 725 (Scheme20, eq 1),
ZD1, ERIZHART ZIRORISHNRTET L, IWELEL ol B TND, 2
PEEHIL N — R E 721 T XL D L ICERENTEREZ S RWEE 7a-Te DX
J&E D% (Table 6, entries 1-6) 1%, A I U EROENIZ K DB AT 72 < Th | MBS
XY CuClh &7 a7 aXeDOT7 )V U EHA & DRSS EDZHET LTzTo, IERITH
FoETHLILOOER—/L Na-lle PETETONRTHELNTZEEZEZTWD, —FH, H
“ROTNFXNIETHD tert-7 T NIE OV IuTaX=4 I 7d T, E K=
1% Z ROBAL AL B W TRIEZR FUSMED N A BT, Thbb, (2)-7d 1HE
IZIHE SNT=DIIZx LT, (B)-7d DA T 77%DFEA RN S iz, Z OFEFRIL, tert-
TFNIEERTLHHEEORIGETIE, T EALE CuCl, OSSN EITT 572912,
BEAITB N TH A R UEFRD CuCl, DENLNEE 2 &ZE 2 H-TRY . FRIKZ)-TA %
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72T AT, ABUSHIEFIZHET LI WEBE L BN D,

Ph—4
CUC|2

CuCl,

R
(E)-7

Scheme 20. Addition of CuCl, to cyclopropenylimines (E)-7 or (£)-7.

MeO\
N
CuCl, Ph
—_— + CuCl,
P
‘N-OMe N-OMe
ph—/ Ph—’
_ . CuCl,
R \S\ R 1

'Q_ CuCl,
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5538 E RSB D R

Fex @R O 7 a7 e oA 2022 D TERIEBMELEISIZ DWW TREF LT
(Scheme 21), FIDIZ 1AL L 2 (B LZFTH 7 nra =4 I & H TR
PALRIEZAT o7z, 1 L& 2= F VKA FT 5(2)-Te ZHOTRISZEITI & BAFIC
FOGEAT LIUEH#L L 12— /L 11e 25 65%DUHETH LT (eq 1), HEWT, 1AL& 21D
BN R 2D 7 n T aR= A, 2 (21 ZHWTHREZITHY & 1If L Z DN ER
PR PR ENEN 47% & 21%DILE T B (eq2)e ZIUDH 2 DDOEMIT I EEE
su~ 77 40— X VREGITHEERTRETH 7o, MERMERIESH NSO 2R IN &
LT, CuCh N7 a7 a X Q7 )V AT 28812, ERT 2B AVR BT A
DEEMI 72 EmN 2, a7 aX=bA 20D 2MF 7213 3 (LI CuCl, DN
JEEFTS 5 2 & TIERMERNE SN EE X TV D, MERMERO AR ICENET
IR E LT, TARA DT A AR TIVEERR DNV TF o OERBEE L
el bEZR TS, WIS, 1 Le 3MNCEBEL AT 537 nruax=/1A I (E)-13
BB L L TN ERGT LT (eq3), 77 B_=A 2D 2NIZEERO T
BREATD 13a ZHAVEHA, LD 4 A ERR S ZIUERE 12 —/L 14a 28 77%DIYL
FTHLNT, SHIT, N BV BICHkx REBIE A HT 5 13b-13h Z O T H LA
LT L 75-91%D IR Cxbhind 5 U {EHL Y 2 — /L 14b-14h 23RS D 2 ENBH SR -
7o WIRIT, RIZICHROREMRMENOZ LWEE Y 0 — L OREEL R (eq 4),
D ENS 3 AICEBE R E TS/ a S a oA 2 U(E)-15 AW TS AT 5 T,
I TCIINIREED I OICEWAT RN X —RRETH L Z N TPREINZH, 7 an
NRUB U 140°CTRIGEIT D & TS ST _RCICE L Z F T 5 aEf e e —L
16 78 56% DILHE TR B AL,

A THW Y7 n 7 aX=)1A 2 Te, 71, 132-13h, 15,17, 19 (Z> 7 u 70 X=)L/r
k2 4de, 445, 48,49, 51a-51h, 2 A VU P UAEE T, b FaX o7 I UHEERE 45¢ Lo+
HZETE Lz, Y7 a7 aX=)Lr | 44e, 44f, 48, 49, 51a-51h, 52 [T o 2 7 AflEEAF
TR, TR T TR N 72/ v@)NERIITT Y T MR FL(50) & D 7 1
Tua~ A0 ESNTE, F2, 5213 S1lal I —FRRUBU LD T U RIRIZ L
DALz, T DHDFFEMIHOWTITES 4 35 2 filciid L,
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MeQ,
N MeQ
Ph—, CuCl, (10 mol%) N Et
3 Et THF, reflux, 0.5 h Ph | ™
- Et
Et
(2)-Te 11e: 65%
MeQ,
/N MeQ y MeO
Ph e N__Ph
. CuCl, (10 mol%) N N
Ph—_ | L P I 2)
= Me  THF, reflux, 0.5 h Ph Me
PH 11f: 47% 1 21%
(2)-7¢
14a: (R"' = Ph), 77%
N,O'V'e MeO 14b: (R' = 4-CIC¢H,), 83%
Y Me N 14c: (R = 4-CF3CqHy), 91%
0,
Et0,C CuCl, (10 mol%) Me— | 14d: (R! = 4-FCgH,), 84% 3)
~s THF, reflux, 2 h .y R"  14e: (R' = 4-MeCgHy), 75%
R’ 2 14f: (R" = 4-BrCgH,), 77%
(E)-13a-13h 14a-14h 14g: (R! = 3-MeCgHy), 75%
14h: (R' = 2-FCgH,), 84%
OMe
N MeQ
\_Me CuCl, (10 mol%) N_Ph
,
Et0;C PhCI, 140 °C, 8 h Me—Q | @)
Ph
3 (sealed tube) Ph
2 EtOZC
PH
(E)-15 16: 56%

Scheme 21. Synthesis of multisubstituted pyrroles from 1-iminocyclopropenes.

S HICARB L BMALE O F A ZERT L2 HM Ty 7 v aX=b A IO 2N kESR
BRER 2 L O EE OB AMACSUS ETZIEN-T L ax v v a — L& W bRn 21T -
72 (Scheme 22), ¥ 7 XX UEBO VIV I NAAXVIEEET A 7 u T a =LA
2 (217 % CuCl, THFET 2 & BRALEMAL L ZNiTHhie< & U A VDM LV |
aXU T UBRERTOAE R =L 18 G LIS (eql), FEWVT, v r T BAR= LA
YD 2NNIATEA REKEAET D219 6 SH L ZART A REKERET S =
B E T —)L 20 A3 56% DR TH LN (eq2). Z DiEFIE. ARBRLIEMALE D DO HE
RATICHEATE, MOVERREMMEZ SO L Z2RBL TS, I5IZ, Z7a k=&
AT HYv T rAN=)LA I 21a, 21b ZER(LEM LT 52 L THRLND EEX LD,
N-T v ax s v —ILORRDBALISICOWVWTHRFN L (eq3), Y7 7=/l A3
> 21a, 21b ([ZBRALBAMAL G 24T o 72, Y7 un ¥ Vg N, Sc(0TH; & V5 &4y
FHEBALEERHEIT L, B ra A Vx4 —/L 22a, 22b 7% 2 THRICKR 53%, 50% T 51
2o Fo, o —VERET EOTVaf iR, T Uy ARFEE ORI X
DERETDHZENAHRETH Y | BF RICEBE LR E e — L IP~DZEH L F[BETH
-7z (eq4).

22



MeO

/\N
Ph MeO\
o N
TBSO CUC|2 (10 mol%) Ph S | (1)
THF, reflux, 0.5 h
49%
(217 18

CuCl, (10 mol%)
_—

THF, reflux, 3 h
56%

MeO

NO
Ph—/ _\=\ 1) CuCl, (10 mol%) o CO,Et
CO,Et THF, reflux, 0.5 h I{l
2) Sc(OTh; (200 mol%) P | 3)
R' DCE, reflux, 0.5 h R?

22a: 53%, 2 steps
22b: 50%, 2 steps

veQ :
N H, (20 atm), Pd/C N
Ph‘@ AcOH, 80 °C Ph‘@\ (4)
nBu 52% nBu
11a 11"

Scheme 22. Cycloisomerization-elimination reaction, synthesis of pyrrolo[1,2-b]Jisoxazoles and

reduction of pyrrole.

PLEDEHIZEE L, N-TraxovruaryaX= (¢ CuClh Z AV 7=B b B2
ERISIZ L 2 2B E v — L OGEIEZ B Uiz, RBRLRMELSOSOFIL, (1) 272
kLD, (2) 7 SN EE, 3) FLWBUGKE, (4) FRERAIRFN 22 SOG S, (5) 100%
DIFTHHE, (6) TRENOFEINFETEERE D — L2 E0LLERY 0 — LA E RN
IS TX 5 Th D, £1-. TNETICVZ B 7 a XU BEOBRERMANIC X 5 ERRE
BIOIRNAT O A REREATIED—LBLOEER Y 0 — VAR5 2 LNARET
Ho., WHHEIZENT-TETH D,
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H2E  N-tu Y=L TF=/t KT Y ROHEG
PHER — B r S bt D BHAS

AIEECN-T/Lafx v ranraxX=)bA 2 LB R Z A7 8B RIS
kI a%@EH Y 0 — L OARIEDORBICOWVWTHRREZ, ZORETIX, Y ZaraX=LA
LDV a T a AN e n-LewisliENE OB SR AE CIEM LT Z & T @R X
AR R U fe W TERIEF ORBBEIZ L ARG EIT T2 2 L Ter—L
BRI STV S (Scheme 23, eq 1), Z DT/ F A I L DREFBIFFITREEMI & L
THRKGICLETH Y | BRI T1ZahRY 12X 1 I VERORBEMEOR LB LU
RVOEREAASDHFEGNREZ HID, £ I TIRIZZO X 9 IR R E % FF ot ~7 1
JEFORIEEZFIA L, & SIS ZRNICHAAT AT B BROFHERIEEBR LT,
#&b% S ERES & n-LewisFEE OB & B A CIEMEL L, — HF ORI O R KB

IR0, FERATOBREMSTRAIE UTRE LR, TORERTLES Lc~T o
Eﬁim)ﬁﬁm (LI D KOk AT AT BSOS KV EERAY B2 SR 2
B B EFRA~T RRMEETE D LB 272 (eq2),

NOR2 B NOR2 ?RZ = Rzo
R3 R3 R3 N \N
M] /\ s
—-activation M| — R 1
n-activation \ N 7 e —_— \ R (1)
1 1 cyclization
R" 3 R . [M] R1 ] Yy 4
] B ; reactive site 1
~R _R
g _N\RZ M] X _N\RZ Xt R! more complex
— ) = N, —_— N-containing  (2)
— g3 n-activation —" Rr3 cyclization N— R heterocycles
[,\:A] M R3
23 L | _

Scheme 23. Our work and working hypothesis for construction of more complex N-containig

heterocycles.

FRIBEE A R, TR U ERIEMA L LTt @R 220D T v iAo O W & REZEL
LT LR N A LTz, TRDOBERT IVERT LIV AT =L KTV RERE L
L CEBA EMIEZ O -HBRRGET 2T, At a7 = APENSH LT S R
ERND DOREBEEIZ L D1 2- 0 SOSHETT U, RFE — RS DI A > TN N-#E 87
Mo Ty n A HPEECE 5 EME LT (Scheme 24),
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~
D w4 ol
HN .

- N—N
cyclization O%\%\R 1,2-migration O0FNSR
07 ™\
Ny M C-N bond H
2 J formation 25

Scheme 24. Sequential cyclization-1,2-migration reaction with C-N bond formation.

INETICHE SN TND T IF U ~OERIR A ORI Z R & 3 5 R — 507K
JEEFI LG R BzA~T aBOARIEICOW TR T 5, 7% ~DOREFRTOREZK
BEDBNHNL UGS HEITT D0, TDIEE A ED 13860 NG TH D (Scheme 25), 372
bbb, BHEFFLICHMEY 28757 VX017 20 53 24 OER A &l T UL
T 52 ETEFRRTDOOREMMIENET L, E=/L A ZLHRIE W BNER I D,
feW\TERIFA BITAAET DA 1350 USSP EIT S 2 2 & T 3 ICEHES T A
SNTEEHEA~T R MNEOND, ZO 13- MENSOF Tld, GRE~T OBROD 3L
ST IR SN D REE I, RFE—IRBREA. KFE—MEMG A, KFE— R UBRBE O
DEI BTN D, 3840

1 1
R [M]: Pt, Pd, Au, Cu, etc _RY

R

|

N ~ N - . ~ N
E Y cyclization ]T\*%Rz 1,3-migration QRZ

Y = migrat o S

A , migratory group M] C-C bond formation %
R alkyl, allyl, sulfonyl, C-S bond formation
boryl group, etc C-B bond formation

53 54

Scheme 25. Transition-metal-catalyzed sequential cyclization-1,3-migration reaction.

BE 7R PR — 1,380 SO & W T B ER AT n AL OREEE) & 1XRHRIVIZ, Z DOfl
DR THEIT T 2 BB H T R REELNILL PSR THICR 54T %, Blane HIEE
n Y CUBREETHA /55 fiifEE 0 PhiPAUNTE TR % LR —1,5- A L=/
NS EIT L, B0 — b D 3N AR = VA XV IREAHT5 56 NMEHNDZ L &2
HLTWD (Scheme26,eql), *V £7o, WALIZ 0-7 NV F =)V ANVKR=LVT =Y 57 & 5
mol%® InBr; CHLE4 2% = & T, MBR L 1,7- AR = VNS EIT L, £~ R—LD 6
PAZANVR = VEPNEA SN D FEEZRHE LTS (eq2), ? 51T, AL F KO Zhang
BIZEY, o-7ThFo T 2= B0 ) DUBEIKRSS o-T VX =)V T 2 =)V T 7 X LFEE
K% n-Lewis Bt & 325 2 & C, BB — 12-85(\L s HEIT L, ZBED A v R—1
BERANLEHEIND Z ENRE SN TS (eq3and4), ¥ Zh b DR — N ISITE
ERAT REROBE L BEILOEBEANZ S WRF DR CTEBHRD AN RIS TH D, L
L. FRCIZHBRKGC OIS, 13- 8507 LA OEAAR R THEIT 4 2 ROUGHI 2 D 722 < | REEET
XDEBERNT OBROSHRED DN ERRETH D, AEDLIB L Zhang 5D 7L —
TN X BB — 1 2- BSOS OBNEH B8, 2SIV IR SOGIC KV R — IR TR
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ENERSNDIETH 5D, 4lal
OREBRIC L VAR L=
ZoE O RN UG IR STV 7Zeny,

LIenT nBROFREIEIZ R 0155 LB ZAARNIEIEF LI,

Ph3PAUNTf, (5 mol%)

CH,Cly, rt

1,5-sulfonyl migration
O-S bond formation

InBrz (5 mol%)

toluene, 80 °C

1,7-sulfonyl migration
C-S bond formation

W(CO)g (10 mol%)

toluene, Av, rt
1,2-migration
C-C bond formation

PtCl4 (10 mol%), O, (1 atm)

DCE, reflux

1,2-migration
C-C bond formation

Cg

R 028-0

OMe R1

R20,S. i

o
el

62

IZBWT, RFE—
BE- T, ARR -GN ST R — BHEED TR

EES

RIS DSOS D & 91T, TILF AT D ERIET
« L2-BRAZ AT 2 BUS B

FEA DAL

Scheme 26. Transition-metal-catalyzed sequential cyclization-migration reaction.
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B1ET SNSRI OHRE

WIHIZ, Ea ) PUBREETLTILF =L KT YK 26aa & HE & L CHBR — A
B R A CHEN LT (Table7) %3, 7 mu =& Vi T, it : LT CuBr, & 10 mol%
FAWTEIGZEITH & FTEOMBR — A ORAETL, 7Y rE Y XY 27aa 53 21%D
IR T B (entry 1), RIZ CuBr, Cu(OTh), B XU CuCL Z HW TS Z T2 7225, K
FAER — (SO EIE & A EHEIT L7y o 72 (entries 2-4), e\ TR A OVRBEZ SV TGRS
TR THREILIZEZA, Yarx X LEBEOHREZAT LT =) Lo F )
—VERWEGA, B a U XY 27aa OICRITIEE AL EED B0 o> 7= (entries 5
and6), — 7. KOBEOBEWEEEE LT, Z7unuaXuBrafnzBRIic, IRIT42%E T
M E L7z (entry 7); ZAUODFERNSG . ARPABR — NS IFE % DU B2 2 50803
INEL L BV R X — R AFE L R EITT 5 Z VR S iz, RiC, T
& B WBIRIME & R il 2 O CRUG &2 3 T2 A3, CuBr & L 72358 O % LRl %
Z LI TE R o7 (entries 8-10),

Table 7. Optimization of catalysts for cyclization-migration reaction.

4D O

HN catalyst (10 mol%) N—N
O%\ solvent, reflux, 0.5 h OMPh
26aa Fh 27aa
entry catalyst solvent / b.p. (°C) yield (%)
1 CuBr, DCE /83 21
2 CuBr DCE /83 5
3 Cu(OTf), DCE /83 0
4 CuCl, DCE /83 0
5 CuBry MeCN / 82 20
6 CuBr, EtOH /78 25
7 CuBr, PhCI/ 132 42
8 AuBr3 PhCI/ 132 23
9 PicAuCl, PhCI/ 132 7
10 (PPh3)AuCl PhCI/ 132 35

BB, KRETHWZT VX =/LE FZ YR 26 OGAIZEL T a4 — Vg 63 &
-7 /7R YU rH 64 & OMERISIZE Y ERLTEY . FERICOWTILE 4 75 3-4
HilCFLE L7,
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T THARDIEEOR EE B E LT, flix OB 1% FVW TS Z 5 L7z (Table 8),
BfZ 11 2,2- BB Y DL L1 Z W2 & 2 AIEED 28%IIK T L7223, 1,10-7 =) kb=
U L2 TIX 68%F TR E L7z (entries 1and2), ZDZ Evn, L1 O X 5 I2HEED
B HEE 23 38 W BLL FIEARBROSIZ 3 F 0 ZhRATix7e < L2 @ X 5 IZHIE 70 4E1E DR -3
WL TWDZENRRENT, TZT, Z=Fr ol RO A% FITHRF L
(entries 3-5), EDFER, NV 7T A (L5) #HEHT D ENEN 93%Icm E L=, KIZ,
L VRS CORISERF L, 7 raxXoPrd KISEES 100 °CE TIK T &
Ll RN TI%IZIE T L7 (entry 6), F72. CuBn BL UV 7 T oA v ofiiliiEs 5
mol%IZIRET D & RN T6%IIER T Lz, L EDORR LIV [ 7 m a8 UiEi T, CuBr
BLXONRY 7 Ta A % 10mol%HAV 5 entry 5 2 AR O st & Uiz,

Table 8. Screening of ligands for cyclization-migration reaction.

O I\ N,
_N CuBr; (10 mol%) < ) —N N=
HN ligand (10 mol%) N-N
/ 1
0)\ PhCI, reflux, 0.5 h oA e !
Ph |
26aa 27aa ' 7\ 7\ L2
entry ligand yield (%) : —N N=
1 2,2"-bipyridyl (L1) 28 !
2 1,10-phenanthroline (L2) 68 ' 7 NN\ L3
: M =N N=
3 neocuproine (L3) 64 . € Me
4 bathophenanthroline (L4) 70 ' Ph Ph
5 bathocuproine (L5) 93 </ \:/ \; L4
=N N=
6% bathocuproine (L5) 71
7° bathocuproine (L5) 76 Ph Ph
I NV N\ s
a) The reaction was carried out at 100 °C. M =N N=
e Me

b) The reaction was carried out using 5 mol% of CuBr, and L5.
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28 HE i B % Rt

TIF =)L KT K 26ab-26at, 26ba-26ea % F\TPHER —Ha(r i O HE — itz o
WCHRFT L7 (Table 9), #1DIZ, TAF U RKIIZERR L7 B UBRBO/R TR~ 7@
P29 DT L% =/t 7K 26ab-26ak ZHW\ TGN E T 72, TOER, W
DOETHMGRETL, 7Y vl XY 27ab-27ak BRI R TH LT (68%-
96%), £7c. NUBUVRONINIZERBZBRE A2 HOE 7Yy n ) XY 27af ITOVTITH
AL X BAEERENT I K > CTEOEZ R L2, St T, XUBUBROA IV ML E 72T A
BN ATFNVEERT DT AF=LE RV RO HEWVIGEETE 7 Y 1 27al-27an 3
B HNT2(T1%-94%), £72. TIVF R 1-F 7 FIEZIT 13- O FF Y — L
Ea b OREZ AW THRICEREZ <HEIT L2 (27a0, 27ap: 76%, 79%)., IRIZ, T/LF
KT VR NVEERATHREEZHW TS E T o T2, n-T7 FAHERLT 7 AT Lo
EOTHE VRETITE 2T VI N EEFTLENS RUFRIGETE 7 Y 1 2 27aq, 27ar
WIFHINTE (72,94%), S DI, VKREEORE R tert-7 FNAREEHTLHHRETH, LK
MAIERT 52 & THERINETE T Va2 27as W FH IV (96%), SRfE & B3 2 alferE
DoHA Y TaRX=VHEEL DT LF =/t RTZTR 26at &, 76%DINHETLE 7V o
27at ~ LB E Tz, LEORER IV . KA —EALEOSIE T L% R O B IRRE AL
BRHROEELEHEVZT RN ERHLNIR T, VT, BIRT I Vo LE —
I DWW THRETT 5728, 7% =/Lk R R 26ba-26da % W\ CTAKEZIT -T2,
BIRT7T IV LT, A7 2 e Fayv sz Z¥u— L3/ R 2/ 5
FEMNOIIIGET 2 ZREO YTV r v 27 £7203 27¢ NENEH 89%. 63%DINHE T
bivle, £lo, Er U P UVBRNICRFE-RFECEEGELHOTALF=/LE FT Y K 26da
* L CHARABR — MM UGB FTRETH 72, B r U DU B 3 LIZ N-Boc &A1 5
TAF=)LE RT3V R 26ea SIS WD & (EBRICRISHETL, 7Yy rEY X
T2 27ea IS 80% DY T BTz, T O RGSOALE BRI DUV TIEE 2 FH 3 Hi TR
T2,
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Table 9. Substrate scope for terminal alkyne and cyclic amine moiety of the alkynylhydrazides.

HN/NQ CuBr;, (10 mol%) < >
O%\ bathocuproine (10 mol%) N—N
X
S PhCI, reflux, 0.5 h OQ/\%R
26ab-26at, 26ba-26ea 27ab-27at, 27ba-27ea
N-N
o%\/\©\
R
27ab: (R'= Me), 96%  27ag: (R' = CO,Me), 68% )]
27ac: (R' = OMe), 86% 27ah: (R'=CN), 78% \F/f*\
27ad: (R' = Ph), 83%  27ai: (R' = NO,), 77% b -

27ae: (R'=F), 92%  27aj: (R' = CF3), 83%
27af: (R'=Br), 94%  27ak: (R' = OMOM), 74% ORTEP of 27af

J
$

Me

N—-N N-N Me N-N Me
0AA 04\/\© oA
27al: 94% 27am: 86% 27an: 71% e
N—-N ‘ N-N o N-N Me
Y 0L Y oA AT
¢}
27a0: 76% 27ap: 79% 27aq: 72%
N—N N—N N—N
/ %\/\ﬁMe /
(e} (e} Me (e}
Me
27ar: 94% 27as: 96% 27at: 76%
R NHBoc
N—N N—N N—N N—N
9/\)\ 09/\/\% 09/\/\% 04\/\%
27ba: 89% 27ca: 63% 27da: 90% 27ea: 80%




ARIETH NI a Y ¥ OFAMEEZHR T HNT, B9y #o
27aa £7-213 27aq D'EREEALEWLAIT 57 (Scheme 27), BT Y m ') ¥ 27aq & /KFHEFK
ST, BMEAe T2 L7y n UV BEADORE —REFE_EHEENELINL, BT
U 288 4% DR T LI, it T, B 7Y R E Y X0 2 (LITEk~ 7 iE ik
DFNZHA ST, ZOREFR, =tk W a—FE TJo=AFFHK 27 0F= 15D
DB AR LT (292-29d: 61-90%), F7=. 7 I KRB AR=VIHOZEH L LT, Lawesson
AREEZHNTNEAT 2 2L TTFAE T YV 1 30 8 70%DIR TE ST,

Ph,S,, AgOAc _
N—-N Pt02, H2 (1 atm) DAchz;O 9 N—N
o nBu (6] ~ ~nBu
28: 94% S\Ph
29¢: 61%
< > < > TIPS-EBX <N—N>
N-N HNO, N-N AuCI, pyridine
——
O%\%\Ph O NFSR 0=\ ~nBu
NO, 27aa: (R = Ph) Il
29a: 90% 27aq: (R = nBu) Los
29d: 80%
Lawesson's < >
N—N NIS reagent N=N
0o 7 ~Ph S%\)\nBu
I 30: 70%
29b: 85%

Scheme 27. Transformation of 27aa or 27aq.
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3 RO D E L

APAER — SR SUG O SIS 2 HEE T D - ORI FER 21T - 72, WD, AUSICE T
5 CBnBLIUONRNY 7 Fad v OREREZH LN T 720, 7/F =)Lt KT K 26aa
CuBnLBLIUONY 7 Fad VIEFETF., 7 raxXu BBt c30 oEg+sL., v
FZave AT 27aa TR GLNT, AERT I A I K65 LIFEN 47 DHTHDL
AU7= (Scheme28), Z DFERMN G MDA T HERACISITHEITT D23, Az L v PALRE
K OHEL DBEFEDMEHE SN TND T & DR S iz,

HN no catalyst, no ligand — @ HN
N—-N + N—N
PhClI, reflux, 0.5 h
07 N o - refux. oA A~ph 07 N o oA A~pn
26aa 65 26aa 27aa: ND
72%
26aa:65 =4:7

Scheme 28. Cyclization-migration reaction of hydrazide 26aa without CuBr; and bathocuproine.

WIZ, Atu7I AR5 %27 uanaXoPUiEi . ClBnBLONRNY 7 7oA &
EBITMBE L= 2 A, BT aE Y XY 27aa S 81% DR TH 5417~ (Scheme 29),
ZORERNE, AERT I A I RS ISR THD Z R sini, —h, A
07 XA 265 Afilitds KO FIEAEE FCHUER L7z & 2 A FEN 0 LTz, 1E-> T,
AEJSTHWO I AT I A4 I ROBRIEKIZTHFGE L TWNWD Z ERB NIRRT,

_ @ CuBr, (10 mol%) C )
-N

N—N

bathocuproine (10 mol%)
4 Y
oA PhCI, reflux, 0.5 h o\

65 81% 27aa

no catalyst, no ligand

decomposed
PhCI, reflux, 0.5 h

Scheme 29. Cyclization-migration reaction of aminimide 65.

ARSI BT D RBALA F > OG- OF LR D 72012, il &0 TBAB % VN TH
B R E R Lz, FORE. I rE Y XY 27aa B 31%, T I A 2 R 65
23 26%., T/LF =)Lt KT K 26aa 2% 37%DILE T H 7z (Scheme 30), AR T 27aa
MFOLNTZZ e D, BALMA AV BN SIRICTF G L TND EBE b5,
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[ w (D
i TBAB (10 mol%) b

N—N
PhCI, reflux, 0.5 h + + SM:ca.37%
O)\ 0 Z~Ph O%\/\Ph

26aa 27aa: 31% 65: 26%

Scheme 30. TBAB-catalyzed cyclization-migration reaction of alkynylhydrazide 26aa.

FNT, 7 REZELELOKEFRANBAFNVETERINTZN-AF AT X =)LE KTV
R 66 % feii S/ T L7228 BOST A< EIT L72A o 72 (Scheme 31), ZAUiE., ARG
W7 I R7a bUREELTWSZ LEZRIEBL TV,

Me\N,NO CuBr; (10 mol%)

)\ bathocuproine (10 mol%)
0 X TTTTTmmoTmmmmommmmmmomoooooee > no reaction
N PhClI, reflux, 0.5 h

Ph
66

Scheme 31. Cyclization-migration reaction of N-methylalkynylhydrazide 66.

AL ERRAFIE DS ML TH D 08T 2 BT, IERIROT v F =1 KT U R 67T %
AW TEBESE T, PR — AL RO DUV TR L 72 (Scheme 32), & DR, = F /LI
1 DB L7287 Y 1 68a 1345 ALY, ALK 68b 1Z1F Do Tz, ZORERND
HENL SR EI T T D T DICERIREEN ML E TH D Z B3k ol-, /-, 7Y 1 68a
X7 A X RRRRD D = F VRN L CTER LI EE 2T D,

|
e b EUBQ o m?:(’c/;) 1%) HN—N/Et Et\N_N/Et
athocuproine mol7o
OA\\ b ) N
Np, PhCI, reflux, 0.5 h ohApn oA r
67 68a: 71% 68b: ND

Scheme 32. Cyclization-migration reaction of acyclic hydrazide 67.

VL EDBEEE TR, ARG OREE SR % Scheme 33 (2789, ARSI E T, Hfhit
RNV T L EAERKIZEY T AF= L RT YR 26aa DT L% AN EMEAL X
D Z LT S-endo-dig BRALIS D EIT L, A a7 2=y AFEEM BEKRSILD, Hi
WCTIR7a brD 13-4 K VT I A4 I RN BERT D, Ricea ) v=7 4
DEFFTICHET DIRFIFITH L THT 2 A 2 RN OB A 4o BREKET D
ZETHRT RN OWBERT D, BBICHT I R ERIT F LD 5 T SR E
FOGEITT 2 2 & T O BAZ N T Yo Y XV 2Taa PEK LT EE X T
Ho 2B, OIS TIHMAERE LN TN Enn, BIET AF L 0 DA EKRT
2. N ol =y AELORE—T I RER/BAE O, RE-EE/BEEOEK. 7
I FERHIEEGOMA. 7 I UER - REFEHE OB L ORE — BFEEE OBHAD
RINTHEITTDHZ LT, 2Taa ~EEBINDAEEMEDL B 2 b5,
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/
¢ ) Mo, SR Me H ND

N

-N
0=\A~ph \ /\ ¢ 04\
H Ph Ph 26aa Ph
27aa K

N
\ N
/
Cu CuBr, H. /NO
Br™ \ * N

N—N bathocuproine O)\\\

Z Br R
o H

/"\A,Br ///

© 7 Ph ~— Br—Cu ;Br
H /N
N NVN
M

Scheme 33. Plausible reaction pathway.

T, ARISICHB T AR FORNRIZHONTELELE, £, 7=+ hr U RO
BN 72RO 2% LIZBERIC DWW THEET 5, L10-7 =) ha ) Uid§Hne K
F—1EDOBNL & LTEIK Z &ML TS, O 207, 1,10-7 = > ba Y UfEr
T3 CuBr, E AR ERL L, OB HEENBINT 5 &, 7 e LoREE [ 195,
FORER, vrl = DRI A F o DN S AMERE S RS B LT 8 &%
TWb, LML, 22-EE U I VE 7=t bal ) o RI—MEDOEN & L
T < A, ARBABRIGAL SO RA TIX R D o 72, FERIZR BRI DWW T &2y Tld/e
WA, BEXONLBHD 1 2L LT, BUPUD2MNOMBANEKBETHY ., 1,10-7 =7
Y ha U AR TEEDREE SN TR WHBEDOEWEN T TH L7720, mIRSRMET
e DEAREBR LI holzlod b BEZX TS, BTIRERICIMZ T, EfVENL
FTTHDHNY T T aA IR R L0 FREROZEMICEHE S LIz B2 T D,
AR L7z, 5 BRT I A4 2 FHPRIE 65 (XBZEMENMENZ EAVURB I T D
(Scheme 29), = DEIZ X B FREIEIZHOWTIEI S TIZAR WA, SUSIERE O _EF I
5 BERT X REILSHIMEY & O TSR D ERIEIZE TN TV D EHERI L TnD, £
DI, i OENL T & SO SRR RRICEANI T 5 2 & T, o FRIBUSIC X 2 2 ik
I SITRER, IR L7z EE X TWD,
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HEE Lo RO 2 251, B2 B 2 fici~_7cer U UV BRO 30 N-Boc £ A7
HTINF=)LE KTV R 26ea #HE &35S OMERIRMEIZOWTELZ S5 (Scheme
34), T/VF =)Lk RT Y K 26ea 7 CuBr, &3V 7 7 a A UEERIZE VB L, Sifiiio
L3-IEACRUG A TS 5 2 & THIT S04 I K X BRSNS, ZOM7 I 4 I b
BAbMA T RT I A I RO 6L EITIMEARBEREST 52 LT, 87 I RY £720%
Y 2R H LT, EEMR 27ea B L O 27e’ BN ER T A2 A[REM N ZE 2 VD, DT I v
A RD 6 MDRFEIRTFIZEAL A A DT 5 & N-Boe k& DNARRFENA L D7
D, OB EMNRBERBET 52 LT, BTV r 2 27ea DAHBHF LI EZZTVD,

/33\ NHBoc BocHN
NN NHBoc - ar, (10 mol%)
O%\ bathocuproine (10 mol%) N—N N=N
N Ph PhCI, reflux, 0.5 h OJ\%Ph O%\/\Ph
26ea 80% 27ea 27ea’

‘ cyclization ‘

N N Br N Br
(BT A\ N\ NHBoc
N_/Cu\\g’(y/'\“mOC Nen NHB N_/Cu\

+ / ocC
B N—N—Ys B N-N B N-N
O%\)\Ph Sn2 O%\/\Ph O%\/\Ph

X v v

Scheme 34. Regioselectivity of alkynylhydrazide 26ea for cyclization-migraion reaction.

PLEDEHIZEFHIZ. BIRT I VEFTHTAX=LE KTV RE CuBn BL OV 7
A rEHCDZ LT, MR- 13450 — B 1 2-EM SRR TS, BT e
B UBROAERIER RS Ui, RBBR—EMGEL, 1 THRT 2 2ORFE-ERMEAB L
W1 DORFE—KFEREAZ FITBR L, HEEMZRT L= 1t RIP RhHET Y
DBV DUEBERTED, £, TAXU~OERFETORBZIEDOKIT 1,2-8500
LTS 2 BORICBNW T, B OB TIRFE —EFRE DB I N DD TORITH 5,
AT BAE DB R CHREIRE ] CROSDEIT L R F 215 100% CE ek T Yy e ¥
IHEFTE DR FIETH D,
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Hi3E N-BEXYUIP= AT F=/Lt RT3 ROME R,
KISzl ae oy a7 B e s Arkiko%

SEBRLTERNPER —ERHMBEL U THERE LICERKIE, FAERRNI R Y —<ITHT

L AIRAFENE, 4 ACEFS L UNNEPFHETE M %4 & b EMIZE LT 5 (Figure2), & H
SRR BEME B R d K OV T BB o0 AR REAN T T LI BV CHUBEEE 2R LT
CB-6644%) <0, PUESE RO BEFH & BEREIC B 7n B 2 72 3" SPPL2aDiEME 2 FLE T 5
SPL-707%0 (28 ZDOBHAEZENTEY | TETITH =258 AHEB L OH QR ER
FIED L —7 > Ny e Z ERHFFSN TS, ZOMIZH, X HTTEE VERE
BT R RN ER - ERMEO OB LB ZGT o8 T rBLOENCHT D
ICAEMITBRER & LTI 2 &nmbinTng, D 2oz &nb, SERCTERNEH —
EFREEEN U THEER LB A2 AT 2baWiL, IBEMICEERSB L OBEED v — R

B L I D AREME AR TV D,
(@]
Qi (),
¥, O)]\
(@]
N=N
HOZC’U

T

e} tBu

4
1
-4
T
Z

N02 Me
Cytotoxicity against ACE and NEP inhibition Pinoxaden iy
African trypanosomes Herbicidal grass activity

CB-6644 SPL-707

Figure 2. Representative bioactive molecules with a N,N-5,7-fused skeleton.

LU, flix OROGIT £ U NN-5,7-fEBR(L AW 2 G Ak L T D TGRS ST 5235,
2 FHEDOMBDIRY | 2V E TIINN-5,7-HEBRA LG O Gl B U CRFR 72 G piF5E 23 T o
AT BN INERACBUSIZ IR ST D, 10 Z OFIINBRAL ST DWW C2RFHD SR A3 H S
NTWDL, IDET YV AF A IV ELIBIBTFETHRICTHY . b 121, v¥ v Al
WA W2 C-HIE ML 2 LTS Th D, RiE OBl E LT, Chibida, B-Afafi7 L7 b
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RIZNHCfhitt, FfbAld KO Z AW CRESE == ) T — N RR % 1,4- B
TELTCT I AFUA IV ERGESED I & TNNS7-MEEBRIL GG OND 2 & & AL
LTU% (Scheme35,eql), 199 AFik] iﬁ% B Z AR TE 5720, Z4£72N,N-5,7-H5 B8
IbEoRgEEE LTl ca s, L, #E7 LT e FE LCHEMATE D EEIIRMIC
7)—w%iti7w#:w%%%o%®_@6nfméoit\%®M®Hm&mﬁm
OEE LTINS N T B E IR Y A U7 B 25 ZRIELEMDOE
FAZIR H AL TN S, 100100 ¢ 5 — 5o m 2 o Al A 7o C-HIE AL BUG & 4t L 7 g
RO E LT, Fanbi31-7 UV —-3-v' 7V U/ v aa vy MMl e 55E 7V
—IVEED A IV R Copp-HAE B BNIEMAL S D Z & TT r LK LT L a— )b & D[4+3]-FINER
EEJERHEIT L, XY OPTEEVEMRLIZE T Y VY ) UG5 N5 Z L 2HE LT
W5 (eq2), W9 ZORNIRFESND L HIT, T E TIZHE STV AHC-HIEEILIZ &
HNN-57-F B AL B DO ERIEIL. 1-7 U —L-3-v'F V' U 2 o DCopp-HIEMAL S D BT
B | W00 LIRS ) T B VB E R T AEEMICIRE SN TS, 2D X5k
B D, ZERZANN-5,7- MR L B & B AT 2 T2 O DFTT- 72 G RIEDBHFE 3 KO B LTV
Al

3
R 0
R2 NHC (20 mol%) = N\>§N -
o - oxidant (120 mol%) O\ R2 \=N+ BFs
e N-N K,CO; (4.0 e - NHC  Mes
N 2CO3(4.0eq) 1\ |7 __NHC __WE®
J\% 3 1 O%\)‘R1
H R 0w CH,ClL/THF, rt tBu tBu
NHC‘ ’ B et B )
w\’ OH Me ~:{+ (0] +
N _ oxidant Nj)vk base M
= RS — A R3 —_—
=T = —
N" N N"Ne

vinyl enolate
intermediate

Cspo-H activation

R3
H (RhCp*Cly), (2.5 mol%) L~
‘ Zn(OAc), (50 mol%) R
HN=N HO s NaOAc (50 mol%) R N=N @)

+ R2 — R
og\) R toluene, 100 °C

Scheme 35. Synthesis of N,N-5,7-fused skeleton by [4+3]-cycloaddition.

AR CRLEZE 2. Er ) U UVBRBAERATAT L=/t KT ROCUBRE/NY 7 70
A N KD ARG T, SERETERVER - ERHEALZ N L THERLZEY T Y
oY XU nELNT-, £2TC, ARG EER Y DUV LD REZDISOZNERY U
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REATHTNF=)LE RV RAERTIIL, SERETERMMR L2 E 7Y e
VT EEVRNEGITHEETE L L MfF LTI, ARSOFERAEMELZHH7-D, ©XY
VUBRERTDHT VX =/LE RT Y F3laaz 10 moludDCuBrnE Y 7 Fuf kL Hizy
a2 a B IR T OIS S 72 (Scheme 36), £ DOFER, BT Y r Y7 B Y L 32aaldfF D
Iz, PREOIRIZE E o7, £ T, AREITKT 2 W22 5 SOSRIEORE 21T 9
ZET, BT T R RO T A RIE RN T A A HIE LT,

/I\O CuBr;, (10 mol%
HN 2 ( )

bathocuproine (10 mol%) N—N
04\ oA A~ph

Ph PhCI, reflux, 0.5 h
31aa 44%

32aa

Scheme 36. Cyclization-migration reaction of alkynylhydrazide 31aa with CuBr;and bathocuproine.
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B1ET SNSRI OHRE

EXRYUBREATHT LR =L T Y KN 3laa #RE & LT, PR —HEALOL BBk &
7R TR LT (Table 10) *4, F9°, D=0, BEXY P UVBEATHT V¥ =Lt
KZ Y K 3laa % 10mol%® CuBr, &NV 7 A v b iz 7 aa XU F X6
SHFME entry | & LCRLEI L2, VT CuBr & FREOHFLERE TRAR % 5D
AuBr; Z il AW CRUG R ATz, 7 aX0 B U@ F, AuB B L OV 7 T a A v
FAE T CRUSEAT 9 & BTEOMR — A SOSEIT L, ©7 Y r YT B L 32aa 75 53%
DR TH LI (entry 2), KRIZ, bz WD ERIC, BUALF25EHRE L TV 5 D
% BT, BNLFIETFE FC AuBrs & 5 SH72 (entry 3), F ORGSR, BN 1174 T &9
T O CTINRICE B RENR -T2 LD, S Y 7 7oA L3 EAL L7
WZ EDRIB ST, £ ZC B FIEFAE F TV OO &AEIZ B U CTRRE L7z, AuCls,
AuCl 38 X O PicAuCl, A I AV TRUS S E 7208, REAR — 5 SO 3T & A AT L7
7o 72 (entries 4-6), — i, Aul ZHWTHIGAATH) L EZ Y m Y7 EE L 32aa 7% 92%D
INETH LN (entryT7), £7o, Bied v Ab&EfEE LT Col, Cul 35XV PICLIZ
DONWTHRFTLIZE Z A, ColhiT Aul ERIBREDIETEY 7Y a7 B 25 2723, Cul
BELOPICLZHWTH BHOILAEMITEL GO 572 (entries 8-10), FEW T, Flix D
WHLCOWTERSAFE FTRE L& ZA, 10 F ) — iz nuxr B2 lny;
BERBEDOINHETEY 7Y a7 32aa 25 27 (entry 11), — 5T, 7 r=FhHV
NEIT 14-TUAFV U ERENICHW BRI, BIEKERETLIAERrRT I A IR
70 35O, B RO T a7 B E, 3 EAEELNR D> (entries 12 and
13), ZOFERMNS . BALKS X 0 (LSS DB BT XY BW ISR E RN TH 5
ZENTRBEINT, EHIT, MEEICOWTHRET LT (entry 14), 7 B a2 B &R R,
5mol%? Aul TS 2 & RUSK ] OIER: & RO TGO bz, wEZIC, REURIC
BIF5 Aul OBEZHOLNCT 5728, 7/bF =)Lt RT3 K 3laa % Aul HFE(E R, 7 2
BB RS T 12 FIEEET 5 &L RS 15%, B 7Y e Y 32aa 3 8%,
AERT AR 70 B R%UDOIETHE LI (entry 15), Aul FETFAE F CIIFEEHENR X
N7z Z &5 Aul Hin-Lewis FetE OB B & U TERILOREICTHFS L TWDL T &N
O o 7o, M T, SEALATBRR L 7227 2 A 2 R70 N EAERSH E L TELNTZ
EP D AU VTN RS DIREIZ R E S HFHE L TWAD Z R s v, DL EDRERN G,
AEEE — RN NS BT AR/ S A . 7 e XU P U R 10mol%d Aul % il &
L CHW entry 7 Z ARG D ST & Lz,

¥k RKECTHWETALS=LE RSV R31 O8RKICE L Cii 7 e B4 — Lk 63 L
-7 2 7 ER_RU D UH 69 L OMEAISICE VAR LTEY, FEMICOWTITE 4 355 6-7
HilZReHE L7,
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Table 10. Optimization of cyclization-migration reaction.

,I\O catalyst (10 mol%) (\) B @
N—-N

HN ligand (10 mol%) N=N
O%\ solvent, reflux, time OM\Ph O%\/\ Ph
31aa Ph 32aa 70

entry catalyst ligand solvent / b.p. (°C) time (h) yield (%)

1 CuBr, bathocuproine PhCl/ 132 0.5 32aa: 42

2 AuBr3 bathocuproine PhCl /132 1 32aa: 53

3 AuBr; - PhCl/132 1 32aa: 52

4 AuCly - PhCl/132 3 ND

5 AuCl - PhCI/132 4 trace

6 PicAuCl, - PhCI/ 132 15 ND

7 Aul - PhCI/ 132 12 32aa: 92

8 Col, - PhCI/ 132 12 32aa: 87

9 Cul - PhCI/ 132 15 32aa: ND
10 PtCl, - PhCI/ 132 0.5 32aa: ND

11 Aul - 1-pentanol / 138 12 32aa: 89

12 Aul - MeCN / 82 12 32aa: 4, 70: 88
13 Aul - 1,4-dioxane / 101 12 70: 50
142 Aul - PhCl/132 20 32aa: 76
15 - - PhCl /132 12 31aa: 15, 32aa: 8, 70: 72

a) Aul (5 mol%) was used.
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28 HE i B 2 et

TF =Lk KT RO — 80 SOG O B E — M MEIZ OV TRt L 72 (Table 11), #18
2, TAX U RICER LR B UV BRONR TN A BRI AT 57 v %=1 e K
7 ¥ R 31ab-31aj Z W TCRUSZAT o 72, T ORER, WTNOREE THUSHETL, BT
Y m e Y XY 32ab-32a) 8 BAFRIE TR BILE (78%-92%), £7o. NUEBUEROA L
MEETNIAZNACAFNVIEEZFTLHT7LF =L RTY RO LHEEWNERTEY T Vo
32al-32an M5 H T2 (75%-90%), £72. T/VF RS 1-F 7 FARELIT 13- Y
%Y —gEE S OEE A W TS BUSTRE R < EIT L T2 (79%, 93%), IRIZ., 7 /0%
VRMCT VXN EEAET AEE N TCRINEI T2 Te, -7 FAEEET HHENLIX
80% DI TE T Y 1 32aq M3 HiTc, S HIT, MAKREEDKE 2R tert-7 FNIEEHT
LEE T, fEEA 30 mol% TR L, RUSKHZIER 42 2 & T IB3%DIRTE TV
7 32as NF LT, D OFERD B AR —EAEOG X, 5 2 B CIR 72 PAER — #5fL
PO & RIBRIC, T L3 RGO E FIRELYNIRN RO E L HE DV Z T RN LG
272 o7,

Table 11. Synthesis of pyrazolodiazepines 32ab-32aj, 32al-32aq, 32as.

Aul (10 mol%) N—N

R PhClI, reflux, 12 h OM\R

31ab-31ak, 31al-31aq, 31as 32ab-32aj, 32al-32aq, 32as

32al: 75%

N

A

32a0: 79%

32ab: (R'= Me), 87%
32ac: (R'= OMe), 89%
32ad: (R'=Ph), 85%, 15 h
32ae: (R'=F), 89%

32af: (R' = Br), 82%

(o

N_

Me
OM\@
32am: 90%
N—N o
7 7
32ap: 93%

32ag: (R' = CO,Me), 92%
32ah: (R' = CN), 85%
32ai: (R'= NO,), 84%
32aj: (R' = CF3), 78%

N-N Me
O%\/\Q
32an: 83%, 18 h Me

(o

N—

0FAAR

32aq: (R = nBu), 80%
32as: (R = tBu), 73%, 72 h?

a) The reaction was carried out 30 mol% of Aul.
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FBNT, BRT I UM O RE— IO OWTHRET 5720, TAF= Lk RTIR
31ba-3lia = W\ TAKSEIT o 72 (Table 12), EXU DU 4 LI AT NI FEITT R
TNREATDHT VX =/Lt RT3V K 3lba, 3lea Z WL 2 A, INERLBHOE T Y
17 P 32ba, 32ca NS BT (80%, 98%), IRICE LY D UBRD 3 LI A FNIAERH
THEENSIIRIST AT Y T P s O E RN 32da 33 LU0 32da’ DIES WAL
HF97%., 9:1 DILETHEONZ, £/, EXY PUVERD NI A T VIEEETHHEENS B
HIGTHE T a7 B 32ea BL O 32e’ TG D2, MEEMEARDOHERIT 1:1 (12
BT L7z, 2D DRIGSONEEIRIEICOWTITE 3 25 3 T+ 5, T, 7k
JeRax /U EiZT hoe Raag Yk U U ZRIRT I UENIC S DEE)NHIEE =
BIMEOE T v a 32fa 8L 0N 32ga BE LT (90%, 84%), S B2, EAKRY VEBREAFT
LHIFIIAXFY TR UERERETHE T Y a L 32ha & B%DOIWETEHE X -, LV
BEORENWTERVEZETAHITIAXF=)LE RTY REFESHTRELZE Z A, W
FFLIESEREMER LIZE T Y ry RialI/(onT  Rn7 Vv r 263087071
D3 40% DR THF BT,

Table 12. Synthesis of pyrazolodiazepines 32ba-32ia.

) ®

Aul (10 mol%)

N-N
O%\Ph PhCI, reflux, 12 h oA A~pn
31ba-31ia 32ba-32ia
N—N N-N N-N -
NN oA A~pn oA en 4\)\ M\Ph
O%\/\Ph ' 32ea 32ea’
\_ 32da 32da’ )\ Y,
32ba: (R = Me), 98% Y he
32ca: (R = CO,Me), 80%  (32da:32da’ = 9:1), 97% (32ea:32ea’ = 1:1), 43%
(Y T ()
N-N N-N N—N HN-N N—N
04\/\% 04\/\% 09/\/\% 09/\/\% 09/\/\%
32fa: 90% 32ga: 84% 32ha: 93% 71:40% 32ia: ND




AR THELN-E I a TP oA EHRTLIEMT, B9 a7
32aa DEHEIELEH LA 1T > 7= (Scheme37), ©¥7 Y vy 7B 32aa ZHE & L T Vilsmeier
BSOS TZ T, DT al 7B 0o 2 (HIRLVIVENEASNT 72 2
2% DIVRTEHONT-Z, &6, I ay TP radrsoakiaf, 39— R0 P o,
AgCO; B LU PA(OAc), THLEIT A Z L T 2= VERBEA SN T Y a7 EE L 73
N 2%DIRTEHEONT, ¥ £/, IV a YT EE L Raas /oo A4 VEHRE, =
FNRIT7T7—=hEEBITMEAT L2 E TRERIEETE I Y U= L 74 ~EEHI

7=

Ph-|,A92C03
POCI, (1.5 equiv. Pd(OAC), (cat.
0=\ ~Ph DMF, 85°C oA Apn CHCI3, 50 °C o’z\ﬁ\Ph
62% 32aa 52%, (75% brsm)
0P H Ph
72 73
EtOTF (3.0 equiv.) O oTf
N-N

CH,Cl, reflux )
91% Eto= N\ pn

74

Scheme 37. Transformation of 32aa.
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3 RO D E L

ARPAER — BB SUG DO RS  HEE T D - ORI ERZIT 72, WIDIZ, AEBRT IV
A3 R 70 AT CTRIE L& 2 A, B9 a7 ¥ 32aa Y 10%D IR TS
HiL, AERT I A I RN 51%EI & 472 (Scheme 38), £/, ABRT IV A I K70
Zrun XU Uit B, Aul TRUEELZE Z A, BTV r el XY 32aa 2 N%DILE
THLNE, ZIWHLDRERNSL, AT I A4 2 K10 BSFEETHD 2 LRk S
iz, £7-. fEIEEE T THONEZET Y e T P 32aa L TE, 73043 R
70 725 @ Stevens BN L EZ N L CEZ Y r TRV BNAERLIZEEZEZ TS, 0

0 () 0
N—N no catalyst N—N

N-N
oéz\/\Ph PhCI. reflux, 12 h OM\Ph + O%\/\Ph

70 32aa: 10% 70: 51%
Aul (10 mol%) N-N
PhCI, reflux, 12 h OM\Ph
32aa: 92%

Scheme 38. Migration reaction of aminimide 70.

KIS T P ANEREEZ N L THEITL TWDINERRNDLTZD, TF=/Lt KT F
31aa % 10 mol%® Aul EiBFIED 22,6,6-7 N7 AFNVERY V2 1-4F /L (TEMPO)
THLERE L7= (Scheme 39), Z DfEHR, TEMPO FEMFIE F ERREDIETE T VY u YT Y
Y 3laa BEGIL, ARIGICIET ARG L TWRWT ERREB N7,

O Aul (10 mol%)
NG TEMPO (3.0 eq)

N-N
PhClI, reflux, 12 h
O&L\ 88% oA A~pn

31aa 32aa

Scheme 39. Cyclization-migration reaction with TEMPO.

Wiz, FBRIROT V¥ =L RTTPR6THBINTS #HWTREFEBREZIT-7-, WEE
WELN 6T BELONTS Z RS T LI & 25, AR 68c 38 LT 76e 55N
72 (Scheme 40,eq 1), Z DFERIZONT, T HAZERAEIAR 68¢,76¢ 1X, 7 I A I RHIfH
KZ,AB DT > E=U NER EOT VI IEN I LA 4 OREKEEZTH LT
BiBEL ., =3 b7 VX ABNAER LTt &7 X FHEEK AA 721X AC OT I RER LT
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AT VXA L D5y TR EBR SR EITT 5 Z L TERLIZEBE X TN D (eq 2-1
and 2-2),

N
HN™ Et )
Rl R 68a: (R"=H, R?= Et), 15%
07 ™ N-N 68b: (R' = Et, R®= Et), 8%
g7 PN O%\/\ph 68c: (R' = Bu, R?= Et), 8%
Aul (20 mol%)
+ + Q)]
PhCI, reflux, 12 h
3 4
Bu RGR 76a: (R® = H, R* = Bu),14%
inN By J‘\‘;\ 76b: (R3 = Bu, R* = Bu),15%
0PN\ Tp-tolyl  76¢: (R® = Et, R* = Bu), 12%
O %
p-tolyl
'\’_\‘
Au gy Au Bu Et
N \ JEt \ /
N—N—Et N—-N N-N
OMPh N > OM\Ph 7 O%\/\Ph (2-1)
z Et-l AA Bu-I 68c
TN
Au Bu Au

\ E Bu-l \ Bu Et-| Et, Bu
N—N—Bu N—N N-N
+ A \
OJ\%Ph Oé/\)\ph O%\/\p-tolyl (2-2)

76¢c

Scheme 40. Crossover experiment of alkynylhydrazides 67 and 75.

AR T 2 3 71 Ao OG- OF LT 57-0I12, fillitgo TBAI Z M\ T
PABR — AL BUSIZ DOWTHRGET Lo, ZORER, €7y m Y X2 32aa 7 65%, 7 I A
TR 7018 10%, TF=/LE KTV R 31aa B 21% DR THE 572 (Scheme 41), AR
FIC3Raa NEAREW E LTHELNIZZ END, I WA A U DM INIZFH S5 LT D

LEZOND,
HNJO TBAI (10 mol%) 4/\) - @
PhCl, reflux, 12 h NN NN
07N S oAb ¥ oA A pn M 21%
31aa Ph 32aa: 65% 70: 10%

Scheme 41. TBAI-catalyzed cyclization-migration reaction of alkynylhydrazide 31aa.

PLEDEE R T ARBOLOHEE SOSHEEE % Scheme 42 12779, AKSIXE T, Aul (2 &
D7 a4 —L7T 2 K 3laa DT VX UEALAEME(L XD Z & T S-endo-dig BRAVIS 3
ITL, AERT =0 AHIK AE DER IS, it TP I K7 e b o 1,3-85(71C
k&7 I 43I F AF BERT D, RICERY D=0 AOEBF T I 5 RERT
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WXL T&E&T 24X K AF O3 b A o NREKESTH 2 L Ta {7 /L% L AG
DAERT S, HBEICET I FE I3 LT AT VE DS FIsREB#OS D EI T 5 2 &
T, Aul OFAEEZENE T Y e TPy aa NEKR LT EEZTVA,

Au—I

intramolecular-

cyclization alkyne-

activation

AG I AD
nucleophilic-
attack
5-endo-dig

Scheme 42. Plausible reaction pathway.

ITH2ETHRALE R ) PUVREAT LT VR =L R YRR 3ETRHL
EENRYDUVBEATHT L= KT Y OB —1,2-Ha07 S5 Tl 22 il iR 23 5
o2 BEHIZONWTELET 5, £7. HRKSICOWTHERS, vrU PVREAETLHT
NF=JLE RT Y K 26aa & il 50 £ 721 3MBAD D ST LT A & i+ 5 L[]
U SR CIEEHEZEIZEDR H D Z D CuBrn//N Y 7 7a A AR BB RGO E
A ESHTWAD I VR XIS (Scheme 43,eq 1 and 2), F 72, D721 26aa %

/NO CuBr; (10 mol%) < >
HN bathocuproine (10 mol%) N—N ™)
071’\ PhCI, reflux, 0.5 h oA A~pn
26aa Ph 93% 27aa

no catalyst, no ligand

i
+
PhCI, reflux, 0.5 h oA A~pn 0

26aa 65 26aa

72%
26aa:65 = 4.7

H
o) (2

,NO O ,NO
N + HN
N
A A
Ph Ph

Scheme 43. Cyclization-migration reaction of hydrazide 26aa with or without CuBr»/bathocuproine.
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Aul TRERL7=23, JREIDAZERICHE SN T Y rE Y ¥ 27aa BELNZZ &0 D
Aul & CuBrn/NY 7 7 A v ERRRICHERSZMRE L TWD Z ERH LN -7
(Scheme 44), LU, BURTIZED 5 OfED 53 PABRK IS 2 £ 0 I fEE L T b
IR TH 5,

HN” Aul (10 mol%) N=N
PhCI, reflux, 0.5 h 7
O}\Ph 60% O%\)\Ph
26aa 27aa

Scheme 44. Cyclization-migration reaction of hydrazide 26aa with Aul.

FloLSERTIVAINGS Z CuBnBLUONY 7 Fuf U CABTHZ LTI YR Y
U X2 27aa D3 81%DILHETH LIV TV 5 HY, Scheme 43,eq 1 TR L72 26aa DR KV
HBIVRIZMEL T LTV D, ZOFINIE, Scheme45,eq2 DEBFERNL T 2 A 2 K 65 N
IR L CARRERTZD EBZTND, LIER-T, T4 X K65 DREEMICERNT S
WROIKTEZBETHE, B KTV K 26aa OPABR 8IS E T I A X K 65 DHANIIK
Jt~ (Scheme 45, eq 1) 1%, FARREDONETE I Y oY X 2Taa k52 TC0HEHEZ D
b, T70bb, HARKIGOERIL, ARISEEOICRIZITIZE A ERETT, ZITEE
T L TS E & X TV 5D (Scheme 43, eq 1 and Scheme 45, eq 1),

- @ CuBr;, (10 mol%) < >
N—N N—N

bathocuproine (10 mol%)

_ Y 1
oA ~n PhCI, reflux, 0.5 h oA ph M

65 81% 27aa
no
N—N no catalyst, no ligand
decomposed (2)
oA pn PhCI, reflux, 0.5 h
65

Scheme 45. 1,2-Migration reaction of aminimide 65 with or without CuBrz/bathocuproine.

ERUPUVRERTAHTAX=/LE KTV R 3laa OFRKSIZBWTH, el DU
FHTHE RTUR 26aa LRRICEZD &, Aul IZX VW BARKIGOEE STV D
(Scheme 45,eq1and2), AT, B R7Y KN 3laa % Aul CTUEL L85 L BRILKTH DT
IUA I RNT70 % Aul TR L72G I HIEROEN RN & D | PRSI EEE &Y
IZHEIT LTV D EHEHIL T % (Scheme 46, eq 1 and 3),
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I
z
O

()

%\ Aul (10 mol%) N—-N (1
0" PhCI, reflux, 12h 07 N ~Ph
31aa Ph 32aa: 92%
i () )
HN - \+
)\ no catalyst N—-N N-N (2)
+ + SM: 15%
0" PhCl, reflux, 12h O N “Ph T 0F\ZPh °
31aa PN 32aa: 8% 70: 72%
%N\)N\ Aul (10 mol%) NN 3)
Y _— _
o Ph PhCI, reflux, 12h O Ph
70 32aa: 92%

Scheme 46. Cyclization-migration reaction of hydrazide 31aa with or without Aul and 1,2-
migration reaction of aminimide 70 with Aul.

PABRBUGIZ RN T CuBr//NY 7 7 a A GRS Aul & HV T b PSR RUG I IE I E B
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Scheme 47 egioselectivity of alkynylhydrazide 31da for cyclization-migraion reaction.
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Scheme 48. Regioselectivity of alkynylhydrazide 31ea for cyclization-migraion reaction.
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Scheme 49. Competition between cyclization and elimination.
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FHAE FROW

"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,
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, dt = doublet of triplets, dq = doublet of quartets, td = triplet of
doublets, qd = quartet of doublets, qt = quartet of triplets, qq = quartet of quartets, septd = septet of
doublets, ddd = doublet of doublet of doublets, ddt = doublet of doublet of triplets, m = multiplet, br
= broad). Infrared (IR) spectra were recorded on a Perkin-Elmer SpectrumOne A spectrometer. High-
resolution mass spectra (HRMS) were obtained by ESI method on Thermo Fisher Scientific Exactive
Instrument. Melting points (uncorrected) were determined on BUCHI M-565 apparatus. Flash column
chromatography were performed using Silicycle silica gel (SiliaFlash® F60, 40-63 pm) or performed
on Biotage Automated Liquid Chromatography System Isorera One using Biotage SNAP KP-Sil 50g
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 F2ss). HPLC analyses were carried out
on a SHIMADZU LC-20AT pump and SPD-20A UV/V is detector or JASCO PU-4180 RHPLC
pump and UV-4075 UV/Vis detector. Optical rotations were measured on a JASCO DIP-370 degital
polarimeter. All reactions were carried out under an argon atmosphere with dry solvents under
anhydrous conditions, unless otherwise noted.
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Table S1. Preparation of cyclopropenylimine 5a-8a, 7b-7d. 32¢ 5%

o} NOR?
Rl— Ph pyridine Ph
Ph._O »
\E [Rh(OAc),], R20ONH, *HCI (45a-45d)
SN,  CH,Cly, 4 h R MeOH, rt, 2 h R
43 44a-44d (ElZ)-5a-8a, 7Tb-7d
cyclopropenylketone : cyclopropenylimine

5a: (R' = nBu, R? = Bn), 87%

' 6a: (R" = nBu, R? = allyl), 69%
O 44a: (R" = nBu), 88% ' NOR?
Ph " Ph 7a: (R' = nBu, R? = Me), 74%
44b: (R' = Bu), 52% :
' 8a: (R' = nBu, R? = H), 65%
44c: (R" = c-pentyl), 80% !
; ; 7b: (R = iBu, R? = Me), 80%
R 44d: (R" = tBu), 33% ; R

7c: (R" = c-pentyl, R? = Me), 79%
7d: (R = tBu, R? = Me), 88%

General procedure A: preparation of cyclopropenylketones 44a-44d [Table S1]. To the
appropriate alkyne (1.5-5.0 equiv.) and [Rh(OAc).]» (0.005 equiv.) in CH,Cl, (¢ =0.67 M) was added,
by means of a syringe pump, ethyl diazoacetate 43 (1.0 equiv.) in CH>Cl, (¢ =2.0 M) over 4 h at rt.
After the addition, stirring was continued for 3 h. Then, the reaction mixture was filtered through a
small column of silica gel, which was washed with CHCIs to remove the catalyst. The filtrate was
evaporated and the residue was purified by flash silica gel column chromatography (Hexane/EtOAc)

to afford cyclopropenylketone 44.

(2-Butyl-2-cyclopropen-1-yl)phenylmethanone (44a). Prepared according to general procedure A
from 1-hexyne (3.9 mL, 34.2 mmol) and diazoacetate 43 (1.0 g, 6.84 mmol). Purified by
chromatography (SiO,, Hexane/EtOAc = 50:1). 44a was obtained as a colorless oil (1211 mg, 6.05
mol, 88%). IR (neat): 1669 cm™'; 'TH NMR (400 MHz, CDCl;): § 8.09-7.85 (m, 2H), 7.59-7.34 (m,
3H), 6.30 (s, 1H), 3.19 (s, 1H), 2.58 (s, 2H), 1.60-1.52 (m, 2H), 1.37 (sext, J= 7.2 Hz, 2H), 0.89 (t, J
=7.5 Hz, 3H); *C NMR (101 MHz, CDCl): § 204.1, 138.4, 132.4, 128.4, 128.0, 114.7, 92.8, 28.9,
24.8,24.5,22.2, 13.7, HRMS (ESI): m/z [M + H]" calcd for Ci4H;70: 201.1274, found 201.1275.

[2-(2-Methylpropyl)-2-cyclopropen-1-yl]phenylmethanone (44b). Prepared according to general
procedure A from 4-methyl-1-pentyne (846 mg, 10.3 mmol) and diazoacetate 43 (1.0 g, 6.84 mmol).
Purified by chromatography (SiO», Hexane/EtOAc = 20:1). 44b was obtained as a colorless oil (725
mg, 3.62 mmol, 52%). IR (neat): 1669 cm™; "TH NMR (400 MHz, CDCl): § 8.14-7.84 (m, 2H),
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7.63-7.36 (m, 3H), 6.36 (s, 1H), 3.21 (s, 1H), 2.54-2.29 (2H), 2.00-1.90 (m, 1H), 0.98 (t, /= 6.4 Hz,
6H); *C NMR (101 MHz, CDCls): 5 172.5, 141.1, 128.4, 128.3, 126.0, 69.1, 42.9, 34.4, 30.7, 27.4;
HRMS (ESI): m/z [M + H]" caled for C14H;70: 201.1274, found: 201.1174.

(2-Cyclopentyl-2-cyclopropen-1-yl)phenylmethanone (44c¢). Prepared according to general
procedure A from cyclopentyl acetylene (1.74 g, 18.5 mmol) and diazoacetate 43 (1.80 g, 12.3 mmol).
Purified by chromatography (SiO,, Hexane/EtOAc = 10:1). 44¢ was obtained as a colorless oil (2.10
g, 9.89 mmol, 80%). IR (neat): 1668 cm™'; '"H NMR (400 MHz, CDCl;): § 8.08-7.98 (m, 2H), 7.58-
7.41 (m, 3H), 6.25 (s, 1H), 3.23 (s, 1H), 3.13-2.94 (m, 1H), 2.00-1.79 (m, 1H), 1.80-1.41 (m, 8H);
3C NMR (75 MHz, CDCls): § 204.0, 138.6, 132.3, 128.4, 118.4,91.2, 35.7, 31.1, 30.9, 25.3, 24.8;
HRMS (ESI): m/z [M + H]" calcd for CisH170: 213.1274, found: 213.1273.

[2-(1,1-Dimethylethyl)-2-cyclopropen-1-yl]phenylmethanone (44d). Prepared according to
general procedure A from 3,3-dimethyl-1-butyne (1.50 g, 18.0 mmol) and diazoacetate 43 (1.70 g,
12.0 mmol). Purified by chromatography (SiO,, Hexane/EtOAc = 10:1). 44d was obtained as a
colorless oil (0.80 g, 3.99 mol, 33%). IR (neat): 1666 cm™'; "TH NMR (400 MHz, CDCl;): § 8.25-
7.80 (m, 2H), 7.69-7.31 (m, 3H), 6.21 (s, 1H), 3.24 (s, 1H), 1.18 (s, 9H); *C NMR (101 MHz,
CDCl): 6 203.9, 138.5, 132.3, 128.4, 128.0, 122.7, 89.8, 31.7, 28.0, 24.8; HRMS (ESI): m/z [M +
H]" calcd for Ci4H;70: 201.1274, found: 201.1175.

General procedure B: preparation of cyclopropenylimines Sa-8a, 7b-7d [Table S1]. To a solution
of cyclopropenylketone 44 (1.0 equiv.) in MeOH and pyridine (10:1, 0.135 M) was added O-
alkoxyamine hydrochloride 45 (2.0 equiv. or 10.0 equiv.) under Ar atmosphere at 0 °C. After being
stirred for 2 h at rt, the reaction mixture was diluted with aq. 1 M HCl and extracted with CHCl; three
times. The organic layers were dried over MgSO4 and concentrated under reduced pressure. The
obtained residue was purified by flash column chromatography on silica gel to give a

cyclopropenylimine 5-8.

(E/Z2)-(2-Butyl-2-cyclopropen-1-yl)phenylmethanone O-(phenylmethyl)oxime (E/Z2)-5a.
Following general procedure B, cyclopropenylketone 44a (2.27 g, 11.3 mmol) and O-
benzylhydroxylamine hydrochloride 45a (3.62 g, 22.7 mmol) were used. Purification by flash column
chromatography on silica gel (Hexane/EtOAc = 10:1) gave 3.00 g of Sa (9.83 mmol, §7%) as a
colorless oil as 3:1 mixture of £/Z isomers. IR (neat): 3060, 3022, 2866, 1693 cm™'; '"H NMR (300
MHz, CDCl) for (£)-5a: 6 7.43-7.12 (m, 10H), 6.42 (br s, 1H), 5.05 (s, 2H), 2.47 (s, 1H), 2.35 (br t,
J=7.2 Hz, 2H), 1.46-1.37 (m, 2H), 1.29-1.18 (m, 2H), 0.82 (br t, J = 7.2 Hz, 3H); "H NMR (300
MHz, CDCl) for (E)-5a: § 7.43-7.12 (m, 10H), 6.42 (br s, 1H), 5.19 (s, 2H), 2.88 (s, 1H), 2.35 (br t,
J=7.2Hz, 2H), 1.46-1.37 (m, 2H), 1.291.18 (m, 2H), 0.82 (brt,.J=7.2 Hz, 3H); *C NMR (75 MHz,
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CDCl;) for (£)-5a: 6 163.2, 138.4, 133.3, 12791, 127.69, 127.61, 127.5, 127.1, 120.4, 98.6, 75.5,
29.0, 28.8, 25.6, 23.1. 3C NMR (75 MHz, CDCl;) for (E)-5a: § 164.2, 138.1, 134.9, 128.1, 128.03,
127.98, 127.85, 127.4, 119.4, 98.0, 76.0, 28.8, 25.9, 22.3; (overlapped signals) 6 127.79 (2C), 17.5
(2C); HRMS (ESI): m/z [M + H]" calcd for C2;H24NO: 306.1852, found: 306.1853.

(E/2)-(2-Butyl-2-cyclopropen-1-yl)phenylmethanone O-(2-propen-1-yl)oxime (E/2)-6a.
Following general procedure B, cyclopropenylketone 44a (1.08 g, 5.39 mmol) and O-
allylhydroxylamine hydrochloride 45a (1.53 g, 10.8 mmol) were used. Purification by flash column
chromatography on silica gel (Hexane/EtOAc = 10:1) gave 950 mg of 6a (3.71 mmol, 69%) as a
colorless oil as 3:1 mixture of £/Z isomers. IR (neat): 3082, 3060, 3023, 2859 cm™'; '"H NMR (300
MHz, CDCls) for (£)-6a: 6 7.35-7.12 (m, SH), 6.44-6.42 (m, 1H), 6.13-5.88 (m, 1H), 5.38-5.10 (m,
2H), 4.65 (dt,J=5.4, 1.5 Hz, 2H), 2.88 (d, /= 1.8 Hz, 1H), 2.39 (dt, J=7.2, 1.8 Hz, 2H), 1.51- 1.41
(m, 2H), 1.33-1.19 (m, 2H), 0.85 (t, /= 7.2 Hz, 3H); '"H NMR (300 MHz, CDCl;) for (F)-5a: & 7.35-
7.12 (m, 5H), 6.44-6.42 (m, 1H), 6.13-5.88 (m, 1H), 5.38-5.10 (m, 2H), 4.51 (dt,J=5.4, 1.5 Hz, 2H),
249 (d,J=1.8 Hz, 1H), 2.38 (dt, /= 7.2, 1.8 Hz, 2H), 1.51-1.41 (m, 2H), 1.33-1.19 (m, 2H), 0.85 (t,
J=17.2 Hz, 3H); *C NMR (75 MHz, CDCl;) for (Z2)-5a: § 163.2, 134.9, 133.5, 127.96, 127.92, 127.8,
120.6, 116.6, 98.7, 74.5, 28.8, 25.4, 23.0; *C NMR (75 MHz, CDCl;) for (E)-5a: 5 164.4, 135.2,
134.7, 128.3, 128.2, 127.98, 119.5, 117.0, 98.1, 74.9, 28.6, 25.7, 22.1; (overlapped signals) 6 17.2
(2C), 13.7 (2C); HRMS (ESI): m/z [M + H]" calcd for Ci7H22NO: 256.1696, found: 256.1694.

(2-Butyl-2-cyclopropen-1-yl)phenylmethanone O-methyloxime (E/Z)-7a. Following general
procedure B, cyclopropenylketone 44a (140 mg, 0.699 mmol) and O-methylhydroxylamine
hydrochloride 45¢ (117 mg, 1.40 mmol) were used. Purification by flash column chromatography on
silica gel (Hexane/EtOAc = 50:1) gave 119 mg of 7a (0.518 mmol, 74%) as a 3:1 mixture of E/Z
isomers. Further purification for separation of geometric isomers by medium-pressure column
chromatography (Hexane/Et;O/EtOAc = 200:2:1) gave (£)-7a and (E)-7a; (£)-7a: colorless oil. IR
(neat): 3083, 3024, 2873, 1676 cm™'; "TH NMR (300 MHz, CDCl3):  7.37-7.23 (m, 3H), 7.13-7.08
(m, 2H), 6.44 (q, J= 1.5 Hz, 1H), 3.79 (s, 3H), 2.49 (d, /= 1.8 Hz, 1H), 2.38 (dt, /= 7.2, 1.2 Hz, 2H),
1.51-1.41 (m, 2H), 1.33-1.20 (m, 2H), 0.85 (t, /= 7.2 Hz, 3H); *C NMR (75 MHz, CDCl;): 5 162.8,
133.2, 127.8, 127.7, 127.6, 120.5, 98.5, 61.7, 29.0, 25.6, 23.2, 22.3, 13.9; HRMS (ESD): m/z [M +
H]* caled for CisHNO: 230.1539, found: 230.1538; (E)-7a: colorless oil. IR (neat): 3056, 3026,
2871, 1690 cm™'; '"H NMR (300 MHz, CDCl;): 8 7.31-7.30 (5H, m), 6.44 (q, J = 1.5 Hz, 1H), 3.96
(s,3H),2.85(d,J=1.5Hz, 1H), 2.38 (dt,J=7.2, 1.2 Hz, 2H), 1.51-1.41 (m, 2H), 1.30-1.21 (m, 2H),
0.85 (t, J = 7.2 Hz, 3H); 3C NMR (75 MHz, CDCl3): § 164.3, 135.1, 128.3, 128.2, 128.0, 119.5,
98.1, 61.8, 28.6, 25.7,22.1, 17.1, 13.7; HRMS (ESI): m/z [M + H]" calcd for CisH2NO: 230.1539,
found: 230.1538.
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(E/Z)-(2-Butyl-2-cyclopropen-1-yl)phenylmethanone oxime (E/Z)-8a. Following general
procedure B, cyclopropenylketone 44a (400 mg, 2.00 mmol) and hydroxylamine hydrochloride 45d
(278 mg, 4.0 mmol) were used. Purification by flash column chromatography on silica gel
(Hexane/EtOAc = 5:1) gave 155 mg of 8a (280 mg, 1.30 mmol, 65%) as a colorless oil as 3:1 mixture
of E/Z isomers. IR (neat): 3056, 3026, 2871; '"H NMR (400 MHz, CDCl;) for (Z)-8a: 5 9.83-8.86
(br, 1H), 7.41-7.16 (m, 5H), 6.50 (q, J = 1.6 Hz, 1H), 2.48 (d, J = 2.0 Hz, 1H), 2.46-2.32 (m, 2H),
1.60-1.38 (m, 2H), 1.36-1.10 (m, 2H), 0.87 (t,J = 7.6 Hz, 3H); "H NMR (400 MHz, CDCl5) for (E)-
8a: 5 9.83-8.86 (br, 1H), 7.41-7.16 (m, 5H), 6.45 (q, /= 1.5 Hz, 1H), 2.93 (d, 2.0 Hz, 1H), 2.46-2.32
(m, 2H), 1.60-1.38 (m, 2H), 1.36-1.10 (m, 2H), 0.84 (t,.J= 2.0 Hz, 3H); *C NMR (101 MHz, CDCls)
for (Z)-8a: & 163.2, 133.1, 127.9, 120.7, 98.2, 28.8, 25.3, 22.7, 22.2, 13.7; 3C NMR (101 MHz,
CDCl) for (E)-8a: 6 163.3, 133.2, 128.05, 120.8, 98.4, 29.0, 25.4, 22.8, 22.3, 13.9; (overlapped
signals) 6 128.3 (2C), 128.1 (2C); HRMS (ESI): m/z [M + H]" calcd for C14HsON: 216.1383, found:
216.1385.

[2-(2-Methylpropyl)-2-cyclopropen-1-yl]phenylmethanone O-methyloxime (E/Z)-7b. Following
general procedure B, cyclopropenylketone 44b (290 mg, 1.45 mmol) and O-methylhydroxylamine
hydrochloride 45¢ (242 mg, 2.90 mmol) were used. Purification by flash column chromatography on
silica gel (Hexane/EtOAc = 50:1) gave 226 mg of 7b (1.16. mmol, 80%) as a 3:1 mixture of E/Z
isomers. Further purification for separation of geometric isomers by medium-pressure column
chromatography (Hexane/Et;O/EtOAc = 200:2:1) gave (£)-7b and (E)-7b; (£)-7b: colorless oil. IR
(neat): 3083, 3024, 2873, 1676 cm™'; "TH NMR (300 MHz, CDCl3): § 7.35-7.22 (m, 3H), 7.11-7.07
(m, 2H), 6.46 (q, J=1.5 Hz, 1H), 3.79 (s, 3H), 2.48 (d, /= 1.8 Hz, 1H), 2.28-2.24 (m, 2H), 1.90-1.76
(m, 1H), 0.87 (d, J = 6.6 Hz, 3H), 0.84 (d, J = 6.6 Hz, 3H); *C NMR (75 MHz, CDCl): 5 162.8,
133.2, 127.8, 127.7, 127.6, 119.6, 99.0, 61.6, 34.9, 27.0, 23.0, 22.6, 22.4; HRMS (ESI): m/z [M +
H]" calcd for CisH2NO: 230.1539, found: 230.1538; (E)-7b: colorless oil. IR (neat): 3060, 3026,
2871, 1690 cm™'; '"H NMR (300 MHz, CDCls): § 7.30-7.24 (m, 5H), 6.44 (q, J = 1.5 Hz, 1H), 3.93
(s, 3H), 2.84 (d, J = 1.8 Hz, 1H), 2.28-2.24 (m, 2H), 1.83 (m, 1H), 0.86 (d, J = 1.5 Hz, 3H), 0.84 (d,
J= 1.5 Hz, 3H); ®C NMR (75 MHz, CDCls): 5 163.8, 134.8, 128.0, 127.9, 127.7, 118.4, 98.5, 61.7,
35.1, 26.9, 22.5, 22.4, 17.2; HRMS (ESI): m/z [M + H]J" calcd for C;sHxNO: 230.1539, found:
230.1537.

(2-Cyclopentyl-2-cyclopropen-1-yl)phenylmethanone =~ O-methyloxime (E/Z)-7c. Following
general procedure B, cyclopropenylketone 44¢ (1.78 g, 8.38 mmol) and O-methylhydroxylamine
hydrochloride 45¢ (1.40 g, 16.8 mmol) were used. Purification by flash column chromatography on
silica gel (Hexane/EtOAc =40:1) gave 1.60 g of 7¢ (6.63 mmol, 79%) as a 3:1 mixture of E/Z isomers.
Further purification for separation of geometric isomers by medium-pressure column chromatography
(Hexane/Et,O/EtOAc =200:2:1) gave (£)-7¢ and (E)-7c; (£)-7c: colorless oil. IR (neat): 3057, 3043,
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2868, 1676 cm™'; '"H NMR (300 MHz, CDCl3): 6 7.35-7.23 (m, 3H), 7.15-7.12 (m, 2H), 6.38 (t, J =
1.5 Hz, 1H), 3.79 (s, 3H), 2.91-2.81 (m, 1H), 2.53 (d, J= 1.8 Hz, 1H), 1.80-1.71 (m, 2H), 1.56-1.47
(m, 6H); 3C NMR (75 MHz, CDCL3): 6 162.6, 132.9, 127.9, 127.8, 127.6, 124.0, 96.9, 61.6, 36.2,
31.0, 31.0, 25.3, 23.6; HRMS (ESI): m/z [M + H]" calcd for CisH20NO: 242.1539, found: 242.1539;
(E)-Te: colorless oil. IR (neat): 3057, 3024, 2869, 1690 cm™'; 'H NMR (300 MHz, CDCl;): & 7.33-
7.27 (m, 5H), 6.36 (q, /= 0.9 Hz, 1H), 3.96 (s, 3H), 2.91 (d, /= 1.8 Hz, 1H), 2.90-2.82 (m, 1H), 1.78-
1.69 (m, 2H), 1.57-1.47 (m, 6H); *C NMR (75 MHz, CDCl;): § 164.4, 134.8, 128.3, 128.2, 127.9,
122.5, 96.4, 61.7, 36.1, 30.50, 30.48, 25.1, 17.3; HRMS (ESI): m/z [M + H]" caled for CisH2NO:
242.1540, found: 242.1540.

[2-(1,1-Dimethylethyl)-2-cyclopropen-1-yl]phenylmethanone O-methyloxime (E/2)-7d.
Following general procedure B, cyclopropenylketone 44d (100 mg, 0.499 mmol) and O-
methylhydroxylamine hydrochloride 45¢ (83.0 mg, 0.999 mmol) were used. Purification by flash
column chromatography on silica gel (Hexane/EtOAc = 50:1) gave 106 mg of 7d (0.439 mmol, 88%)
as a 3:1 mixture of £/Z isomers. Further purification for separation of geometric isomers by medium-
pressure column chromatography (Hexane/Et,O/EtOAc = 200:2:1) gave (£)-7d and (E)-7d; (£)-7d:
colorless oil. IR (neat): 3060, 3025, 2866, 1680 cm™'; '"H NMR (300 MHz, CDCl): § 7.35-7.22 (m,
3H), 7.16-7.12 (m, 2H), 6.35 (d, /= 1.5 Hz, 1H), 3.79 (s, 3H), 2.57 (d, J= 1.8 Hz, 1H), 1.04 (s, 9H);
BC NMR (75 MHz, CDCl3): 6 162.3, 132.6, 128.2, 128.0, 127.9, 127.5, 95.5, 61.6, 31.4, 28.2, 23.7,
HRMS (ESI): m/z [M + H]" calcd for CisH20NO: 230.1539, found: 230.1540; (E)-7d: colorless oil.
IR (neat): 3056, 3026, 2871, 1690 cm™'; '"H NMR (300 MHz, CDCl3): § 7.32-7.26 (m, 5H), 6.30 (d,
J=1.8 Hz, 1H), 3.97 (s, 3H), 2.92 (d, J= 2.1 Hz, 1H), 1.04 (9H, s); *C NMR (75 MHz, CDCl3): 5
164.4, 134.6, 128.5, 128.2, 127.9, 126.3, 94.6, 61.7, 31.1, 27.5, 17.2; HRMS (ESI): m/z [M + H]"
calcd for C;sHaoNO: 230.1540, found: 230.15.

[Table 5, entry 1]. To a solution of cyclopropenylimine 5a (30.0 mg, 0.098 mmol) in THF (5.0 mL)
were added CuBr; (4.5 mg, 0.019 mmol) at rt. After being stirred under reflux for 0.5 h, the reaction
mixture was quenched with water and extracted with CHCI; three times. The combined organic layers
were dried over MgSO., filtered and concentrated. The residue was purified by preparative TLC
(Hexane/EtOAc = 10:1) to afford N-alkoxypyrrole 9a (5.7 mg, 19%).

1-Benzyloxy-4-butyl-2-phenyl-1H-pyrrole (9a). IR (neat): 3065, 2853, 1602, 1510 cm™'; "TH NMR
(300 MHz, CDCls3): 6 7.65 (d, J=7.8 Hz, 2H), 7.37-7.20 (m, 8H), 6.53 (s, 1H), 6.05 (s, 1H), 4.80 (s,
2H), 2.40 (t, J= 7.2 Hz, 2H), 1.57-1.48 (m, 2H), 1.35 (sext, J = 7.2 Hz, 2H), 0.92 (t, /= 7.2 Hz, 3H);
BC NMR (75 MHz, CDCl): 6 134.0, 131.4,129.6, 128.9, 128.43, 128.39, 128.1, 126.5, 126.3, 120.3,
115.3,104.3, 81.2,33.0,26.8,22.4, 14.0; HRMS (ESI): m/z [M + H]" calcd for C21H24NO: 306.1852,
found: 306.1847.
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[Table 5, entry 2]. To a solution of cyclopropenylimine 5a (30.0 mg, 0.098 mmol) in THF (5.0 mL)
were added CuCl; (2.6 mg, 0.019 mmol) at rt. After being stirred under reflux for 0.5 h, the reaction
mixture was quenched with water and extracted with CHCI; three times. The combined organic layers
were dried over MgSO., filtered and concentrated. The residue was purified by preparative TLC
(Hexane/EtOAc = 10:1) to afford N-alkoxypyrrole 9a (10.1 mg, 34%).

[Table 5, entry 3]. To a solution of cyclopropenylimine 5a (30.0 mg, 0.098 mmol) in THF (5.0 mL)
were added Cul (1.89 mg, 0.019 mmol) at rt. After being stirred under reflux for 0.5 h, the reaction
mixture was quenched with water and extracted with CHCI; three times. The combined organic layers
were dried over MgSOQ., filtered and concentrated. The residue was purified by preparative TLC
(Hexane/EtOAc = 10:1) to afford N-alkoxypyrrole 9a (1.0 mg, 3%).

[Table 5, entry 4]. To a solution of cyclopropenylimine 5a (33.5 mg, 0.11 mmol) in THF (5.0 mL)
were added CuBr (3.16 mg, 0.022 mmol) at rt. After being stirred under reflux for 0.5 h, the reaction
mixture was quenched with water and extracted with CHCI; three times. The combined organic layers
were dried over MgSOQ., filtered and concentrated. The residue was purified by preparative TLC
(Hexane/EtOAc = 10:1) to afford N-alkoxypyrrole 9a (5.2 mg, 15%).

[Table 5, entry 8]. To a solution of cyclopropenylimine 7a (30.0 mg, 0.098 mmol) in THF (5.0 mL)
were added CuCl; (1.3 mg, 0.0098 mmol) at rt. After being stirred under reflux for 0.5 h, the reaction
mixture was quenched with water and extracted with CHCI; three times. The combined organic layers
were dried over MgSQ., filtered and concentrated. The residue was purified by preparative TLC
(Hexane/EtOAc = 10:1) to afford N-alkoxypyrrole 9a (9.8 mg, 33%).

[Table 5, entry 9]. To a solution of cyclopropenylimine 5a (30.0 mg, 0.098 mmol) in benzene (5.0
mL) were added CuCl; (1.3 mg, 0.0098 mmol) at rt. After being stirred under reflux for 0.5 h, the
reaction mixture was quenched with water and extracted with CHCI; three times. The combined
organic layers were dried over MgSO., filtered and concentrated. The residue was purified by
preparative TLC (Hexane/EtOAc = 10:1) to afford N-alkoxypyrrole 9a (5.9 mg, 20%).

[Table 5, entry 10]. To a solution of cyclopropenylimine 5a (30.0 mg, 0.102 mmol) in chlorobenzene
(5.0 mL) were added CuCl; (2.6 mg, 0.0102 mmol) at rt. After being stirred under reflux for 0.5 h,
the reaction mixture was quenched with water and extracted with CHCI; three times. The combined
organic layers were dried over MgSO., filtered and concentrated. The residue was purified by
preparative TLC (Hexane/EtOAc = 10:1) to afford N-alkoxypyrrole 9a (1.5 mg, 5%).

[Table 5, entry 11]. To a solution of cyclopropenylimine 5a (50.0 mg, 0.163 mmol) in DCE (8.2 mL)
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were added CuCl; (4.4 mg, 0.0328 mmol) at rt. After being stirred under reflux for 0.5 h, the reaction
mixture was quenched with water and extracted with CHCI; three times. The combined organic layers
were dried over MgSO., filtered and concentrated. The residue was purified by preparative TLC
(Hexane/EtOAc = 10:1) to afford N-alkoxypyrrole 9a (6.3 mg, 13%).

[Table 5, entry 12]. To a solution of cyclopropenylimine 6a (30.0 mg, 0.12 mmol) in THF (5.0 mL)
were added CuCl; (1.6 mg, 0.012 mmol) at rt. After being stirred under reflux for 0.5 h, the reaction
mixture was quenched with water and extracted with CHCI; three times. The combined organic layers
were dried over MgSOQ., filtered and concentrated. The residue was purified by preparative TLC
(Hexane/EtOAc = 10:1) to afford N-alkoxypyrrole 10a (18.4 mg, 60%).

4-Butyl-2-phenyl-1-(2-propenyloxy)-1H-pyrrole (10a). IR (neat): 3069, 2853, 1604, 1510 cm™;
"H NMR (300 MHz, CDCls): § 7.66-7.64 (m, 2H), 7.38-7.32 (m, 2H), 7.24-7.19 (m, 1H), 6.65 (d, J
= 2.4 Hz, 1H), 6.07 (d, J = 2.4 Hz, 1H), 5.95-5.82 (m, 1H), 5.28-5.21 (m, 2H), 4.36 (dt, J= 6.6, 1.2
Hz, 2H), 2.44 (t, J= 7.2 Hz, 2H), 1.61-1.51 (m, 2H), 1.38 (sext, J = 7.2 Hz, 2H), 0.93 (t,J = 7.2 Hz,
3H); BC NMR (75 MHz, CDCl3): § 131.0, 128.2, 126.1, 126.0, 120.6, 114.0, 104.1, 66.4, 33.2, 27.0,
22.7,14.2; HRMS (ESI): m/z [M + H]" calcd for C17H22NO: 256.1696, found: 256.1697.

[Table 5, entry 13]. To a solution of cyclopropenylimine 7a (93.5 mg, 0.41 mmol) in THF (16.0 mL)
were added CuCl; (5.5 mg, 0.041 mmol) at rt. After being stirred under reflux for 0.5 h, the reaction
mixture was quenched with water and extracted with CHCI; three times. The combined organic layers
were dried over MgSO., filtered and concentrated. The residue was purified by preparative TLC
(Hexane/EtOAc = 10:1) to afford N-alkoxypyrrole 11a (56.2 mg, 60%).

4-Butyl-1-methoxy-2-phenyl-1H-pyrrole (11a). IR (neat): 3069, 2853, 1604, 1510 cm™'; '"H NMR
(300 MHz, CDCL): 5 7.65-7.61 (m, 2H), 7.37-7.31 (m, 2H), 7.23-7.17 (m, 1H), 6.65 (d, J = 2.4 Hz,
1H), 6.07 (d, J= 2.4 Hz, 1H), 3.76 (s, 3H), 2.44 (t, J= 7.2 Hz, 2H), 1.61- 1.51 (m, 2H), 1.38 (sext, J
= 7.2 Hz, 2H), 0.93 (t, J = 7.2 Hz, 3H); *C NMR (75 MHz, CDCl3): § 131.0, 128.2, 126.1, 126.0,
120.6, 114.0, 104.1, 66.4, 33.2, 27.0, 22.7, 14.2; HRMS (ESI): m/z [M + H]" calcd for C;sHxNO:
230.1539, found: 230.1534.

[Table 6, entry 1]. To a solution of cyclopropenylimine (Z)-7a (30.0 mg, 0.13 mmol) in THF (5.0
mL) were added CuCl; (1.8 mg, 0.013 mmol) at rt. After being stirred under reflux for 0.5 h, the
reaction mixture was quenched with water and extracted with CHCIs three times. The combined
organic layers were dried over MgSO., filtered and concentrated. The residue was purified by
preparative TLC (Hexane/EtOAc = 10:1) to afford N-alkoxypyrrole 11a (19.8 mg, 66%).
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[Table 6, entry 2]. To a solution of cyclopropenylimine (E)-7a (30.0 mg, 0.13 mmol) in THF (5.0
mL) were added CuCl; (1.8 mg, 0.013 mmol) at rt. After being stirred under reflux for 0.5 h, the
reaction mixture was quenched with water and extracted with CHCI; three times. The combined
organic layers were dried over MgSO., filtered and concentrated. The residue was purified by
preparative TLC (Hexane/EtOAc = 10:1) to afford N-alkoxypyrrole 11a (17.2 mg, 58%).

[Table 6, entry 3]. To a solution of cyclopropenylimine (2)-7b (30.0 mg, 0.13 mmol) in THF (5.0
mL) were added CuCl; (1.8 mg, 0.013 mmol) at rt. After being stirred under reflux for 0.5 h, the
reaction mixture was quenched with water and extracted with CHCI; three times. The combined
organic layers were dried over MgSO., filtered and concentrated. The residue was purified by
preparative TLC (Hexane/EtOAc = 10:1) to afford N-alkoxypyrrole 11b (25.4 mg, 85%).

Methoxy-4-(2-methylpropyl)-2-phenyl-1H-pyrrole (11b). IR (neat): 3065, 2871, 1602, 1510 cm’
. 'TH NMR (300 MHz, CDCL): § 7.67-7.64 (m, 2H), 7.39-7.33 (m, 2H), 7.25-7.19 (m, 1H), 6.65 (d,
J=2.1Hz, 1H), 6.06 (d, J= 2.1 Hz, 1H), 3.77 (s, 3H), 2.30 (d, J = 6.9 Hz, 2H), 1.78 (m, 1H), 0.93
(d, J=6.9 Hz, 6H); 1*C NMR (75 MHz, CDCl;): 6 131.2, 128.4, 127.6, 126.3, 126.2, 119.5, 114.9,
105.0, 66.4, 36.7, 29.7, 22.5; HRMS (ESI): m/z [M + H]J" calcd for C;sHNO: 230.1539, found:
230.1539.

[Table 6, entry 4]. To a solution of cyclopropenylimine (E)-7b (30.0 mg, 0.13 mmol) in THF (5.0
mL) were added CuCl, (1.8 mg, 0.013 mmol) at rt. After being stirred under reflux for 0.5 h, the
reaction mixture was quenched with water and extracted with CHCI; three times. The combined
organic layers were dried over MgSO., filtered and concentrated. The residue was purified by
preparative TLC (Hexane/EtOAc = 10:1) to afford N-alkoxypyrrole 11b (17.1 mg, 57%).

[Table 6, entry 5]. To a solution of cyclopropenylimine (Z)-7c (30.0 mg, 0.13 mmol) in THF (5.0
mL) were added CuCl; (1.8 mg, 0.013 mmol) at rt. After being stirred under reflux for 0.5 h, the
reaction mixture was quenched with water and extracted with CHCIs three times. The combined
organic layers were dried over MgSO., filtered and concentrated. The residue was purified by
preparative TLC (Hexane/EtOAc = 10:1) to afford N-alkoxypyrrole 11c (15.8 mg, 53%).

4-Cyclopentyl-1-methoxy-2-phenyl-1H-pyrrole (11c). IR (neat): 3068, 2871, 1604, 1512 cm™; 'H
NMR (300 MHz, CDCl3): 5 7.67-7.64 (m, 2H), 7.39-7.33 (m, 2H), 7.25-7.20 (m, 1H), 6.69 (dd, J =
2.4,009 Hz, 1H), 6.11 (d, J= 2.4 Hz, 1H), 3.78 (s, 3H), 2.94-2.83 (m, 1H), 2.05-1.96 (m, 2H), 1.81-
1.47 (m, 6H); *C NMR (75 MHz, CDCl;): § 131.0, 128.2, 127.5, 126.1, 126.0, 124.9, 113.2, 103.0,
66.4,38.4,34.4,25.3; HRMS (ESI): m/z [M + H]" calcd for CicH20NO: 242.1539, found: 242.1536.
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[Table 6, entry 6]. To a solution of cyclopropenylimine (2)-7c (30.0 mg, 0.13 mmol) in THF (5.0
mL) were added CuCl; (1.8 mg, 0.013 mmol) at rt. After being stirred under reflux for 0.5 h, the
reaction mixture was quenched with water and extracted with CHCI; three times. The combined
organic layers were dried over MgSO., filtered and concentrated. The residue was purified by
preparative TLC (Hexane/EtOAc = 10:1) to afford N-alkoxypyrrole 11c (12.5 mg, 42%).

[Table 6, entry 7]. To a solution of cyclopropenylimine (2)-7d (30.0 mg, 0.13 mmol) in THF (5.0
mL) were added CuCl; (1.8 mg, 0.013 mmol) at rt. After being stirred under reflux for 0.5 h, the
reaction mixture was quenched with water and extracted with CHCI; three times. The combined
organic layers were dried over MgSO., filtered and concentrated. The residue was purified by
preparative TLC (Hexane/EtOAc = 10:1) to afford N-alkoxypyrrole 11d (23.4 mg, 76%).

4-(1,1-Dimethylethyl)-1-methoxy-2-phenyl-1H-pyrrole (11d). IR (neat): 3065, 2866, 1602, 1510
cm'; "H NMR (300 MHz, CDCls): § 7.64 (d, J= 7.5 Hz, 2H), 7.34 (t, J=7.5 Hz, 2H), 7.23-7.18 (m,
1H), 6.66 (d, J=2.4 Hz, 1H), 6.14 (d, J=2.4 Hz, 1H), 3.78 (s, 3H), 1.26 (s, 9H); 3C NMR (75 MHz,
CDCl): 6 131.5,131.3,128.4,127.5,126.3, 126.2, 112.2, 101.8, 66.3, 31.6, 30.6; HRMS (ESI): m/z
[M + H]* caled for C;sH20NO: 230.1539, found: 230.1534.

[Table 6, entry 8]. To a solution of cyclopropenylimine (E)-7d (30.0 mg, 0.13 mmol) in THF (5.0
mL) were added CuCl, (1.8 mg, 0.013 mmol) at rt. After being stirred under reflux for 0.5 h, the
reaction mixture was quenched with water and extracted with CHCI; three times. The combined
organic layers were dried over MgSO., filtered and concentrated. The residue was purified by
preparative TLC (Hexane/EtOAc = 10:1) to afford N-alkoxypyrrole 11d (3.0 mg, 10%) and recovered
starting material (E)-7d (23.2 mg, 77%).

62



F2ifi 1 B 3 Mo ER
Table S2. Preparation of cyclopropenylimines. 32¢ 5%
0 NOMe
Ph 0 R1 = R2 Ph pyridine Ph
\E [Rh(OAC),]» R2  MeONH,HCI (45c) R (1)
Ny CH,Cly, 4 h R MeOH, rt, 2 h R
43 4de, 44f, 48, 49 (E1Z)-Te, 76,17, 19
o pMe
N
Me \
11—
2 R— EtO,C pyridine EtO,C ©
Et0,C 2
2 Me Rhy(esp), MeONH,+HCI (45¢) 2
N2 CH,Cl,, 4 h R MeOH, rt, 2 h R
50 51a-51h (E)-13a-13h

cyclopropenylketone

cyclopropenylimine

cyclopropenylketone derived from 43

Ph

MeO

44e: (R' = Et, R? = Et), 31%
44f: (R' = Ph, R? = Me), 34%
48: (R1 = TBSO

,RZ2=H), 63%

cyclopropenylimine derived from 44e, 44f, 48, 49

7e: (R' = Et, R = Et), 76%
7f: (R' = Ph, R = Me), 76%
17: (R'= TBSO

NOMe ,RZ=H), 70%

Ph
R2

MeO

cyclopropenylketone derived from 50

51a: (R' = Ph), 30%
51b: (R" = 4-CICgH,), 36%

cyclopropenylimine derived from 51a-51h

13a: (R' = Ph), 65%
13b: (R' = 4-CICgH,), 69%

o 51c: (R' = 4-CF3CgHg), 13% NpMe 13c: (R" = 4-CF3CgH,), 73%
Me 51d: (R! = 4-FCgH,), 12% N\ _Me  13d: (R'=4-FCgH,), 32%

EtO,C 51e: (R" = 4-MeCgHy), 46% EtO,C 13e: (R" = 4-MeCgH,), 60%
51f; (R' = 4-BrCgH,), 29% 13f: (R" = 4-BrCgHy), 52%

R’ 51g: (R! = 3-MeCgH,), 35% R’ 13g: (R = 3-MeCgH,), 78%

51h: (R" = 2-FCgH,), 25%

13h: (R' = 2-FCgH,), 62%

General procedure C: preparation of cyclopropenylketones 44e, 44f, 48, 49 [Table S2, eq 1]. To
the appropriate alkyne (1.5-5.0 equiv.) and [Rh(OAc).]» (0.005 equiv.) in CH>C1; (¢ = 0.67 M) was
added, by means of a syringe pump, ethyl diazoacetate 43 (1.0 equiv.) in CH2Cl, (¢ = 2.0 M) over 4
h at rt. After the addition, stirring was continued for 3 h. Then, the reaction mixture was filtered
through a small column of silica gel, which was washed with CHCl; to remove the catalyst. The
filtrate was evaporated and the residue was purified by flash silica gel column chromatography
(Hexane/EtOAc) to afford cyclopropenylketones 44e, 44f, 48, 49.

(2,3-Diethyl-2-cyclopropen-1-yl)phenylmethanone (44e). Prepared

according to general

63



procedure C from 3-hexyne (1.7g, 20.5 mmol) and diazoacetate 43 (2.0 g, 13.7 mmol), purified by
chromatography (SiO., Hexane/EtOAc = 10:1). 44e was obtained as a colorless oil (870 mg, 4.34
mmol, 31%). IR (neat): 1699 cm™; "TH NMR (300 MHz, CDCl3): § 8.05-8.00 (m, 2H), 7.57-7.42 (m,
3H), 3.16 (s, 1H), 2.55-2.41 (m, 4H), 1.16 (t, J = 7.4 Hz, 6H); 3C NMR (75 MHz, CDCl3): 5 204.7,
138.9, 132.1, 128.3, 127.9, 105.8, 27.6, 18.2, 12.0; HRMS (ESI): m/z [M + H]" calcd for Ci4H;70:
201.1274, found: 230.1273.

(2-Methyl-3-phenyl-2-cyclopropen-1-yl)phenylmethanone (44f). Prepared according to general
procedure C from I-phenyl-1-propyne (716 mg, 4.11 mmol) and diazoacetate 43 (600 mg, 2.74
mmol), purified by chromatography (SiO,, Hexane/EtOAc = 20:1). 44f was obtained as a colorless
oil (323 mg, 1.38 mmol, 34%). IR (neat): 1667 cm™'; '"H NMR (400 MHz, CDCl;): § 8.24-7.96 (m,
2H), 7.64-7.21 (m, 8H), 3.50 (s, 1H), 2.37 (s, 3H); *C NMR (101 MHz, CDCls): § 203.0, 138.5,
132.4,129.3,128.6, 128.5,128.4, 128.1, 127.1, 106.1, 104.7,27.5, 10.8; HRMS (ESI): m/z [M + H]"
calcd for C17H;50: 235.1117, found: 235.1117.

[2-[1-[[(1,1-Dimethylethyl)dimethylsilyl]oxy]-cyclopentan-1-yl]-2-cyclopropene-1-
yl]phenylmethanone (48). Prepared according to general procedure C from 1-[[(1,1-
dimethylethyl)dimethylsilyl]oxy]-1-ethynylcyclopentane (2.80 g, 13.2 mmol) and diazoacetate 43
(380 mg, 2.74 mmol), purified by chromatography (SiO,, Hexane/EtOAc = 1:1). 48 was obtained as
a colorless oil (560 mg, 1.63 mmol, 63%). IR (neat): 1675 cm™'; '"H NMR (300 MHz, CDCl): §
8.13-7.77 (m, 2H), 7.70-7.32 (m, 4H), 6.39 (s, 1H), 3.35 (s, 1H), 2.02-1.41 (m, 10H), 0.87 (s, 8H),
0.11 (s, 6H); *C NMR (75 MHz, CDCls): 5 203.0, 138.3, 132.6, 128.6, 128.2, 118.8, 93.5, 81.5,
40.5,40.1,26.6,25.8,23.6,23.3, 18.2,-2.80, -2.76; HRMS (ESI): m/z [M + H]" calcd for C2;H3,0,Si:
343.2088, found: 343.2086.

[2-(3,17B-Dimethoxyestra-1,3,5(10)-trien-17-yl)-2-cyclopropen-1-yl]phenylmethanone (49).

Prepared according to general procedure C from (17a)-3,17-dimethoxy-19-norpregna-1,3,5(10)-
trien-20-yne (1.43 g, 4.4 mmol) and diazoacetate 43 (643 mg, 2.74 mmol), purified by
chromatography (SiO., Hexane/EtOAc = 10:1). 49 was obtained a 6:4 mixture of diastereomers of
diastereomers (green oil, 856 mg, 1.93 mmol, 44%). IR (neat): 1689 cm™; 'H NMR (300 MHz,
CDCl): 6 8.06-8.02 (m, 2H), 7.58-7.54 (m, 1H), 7.50-7.46 (m, 2H), 7.20-7.16 (m, 1H), 6.77-6.76 (m,
6/10H), 6.72-6.68 (m, 4/10H + 1H), 6.61 (d, J= 8.7 Hz, 1H), 3.774 (s, 12/10H), 3.768 (s, 18/10H),
3.38 (s, 12/10H), 3.36-3.35 (m, 1H), 3.26 (s, 18/10H), 2.73-2.94 (2H), 2.33-1.98 (m, 4H), 1.92-1.70
(m, 3H), 1.65-1.36 (m, 4H), 1.08-1.31 (2H), 0.96 (s, 18/10H), 0.93-0.95 (s, 12/10H); *C NMR (75
MHz, CDCl): 6 203.3, 202.9, 157.4, 157.4, 138.4, 138.3, 137.91, 137.86, 132.64, 132.59, 132.5,
132.3, 128.52, 128.47, 128.1, 128.0, 126.3, 117.3, 116.6, 113.74, 113.68, 111.5, 111.4, 98.4, 96.8,
89.1, 88.3, 55.2, 53.6, 53.5, 50.2, 49.4, 48.4, 48.3, 43.8, 43.3, 39.1, 33.8, 33.71, 33.67, 33.2, 29.7,
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27.3, 27.0, 26.7, 26.6, 26.4, 26.3, 22.94, 22.90, 13.6, 13.5. HRMS (ESI): m/z [M + H]" calcd for
C30H3503: 443.2581, found: 443.2582.

General procedure D: preparation of cyclopropenylimines 7e, 7f, 17, 19 [Table S2, eq 1]. To a
solution of cyclopropenylketone 44e, 44f, 48 or 49 (1.00 equiv.) in MeOH and pyridine (10:1, 0.135
M) was added O-methylhydroxylamine hydrochloride 45¢ (2.00 equiv.) under Ar atmosphere at 0 °C.
After being stirred for 2 h at rt, the reaction mixture was diluted with aq. 1 M HCI and extracted with
CHCI; three times. The organic layers were dried over MgSO4 and concentrated under reduced
pressure. The obtained residue was purified by flash column chromatography on silica gel to give a

cyclopropenylimine 7e, 7f, 17 or 19.

(2)-(2,3-Diethyl-2-cyclopropen-1-yl)phenylmethanone O-methyloxime (7e). Following general
procedure D, cyclopropenylketone 44e (300 mg, 1.50 mmol) and O-methylhydroxylamine
hydrochloride 45¢ (250 mg, 3.00 mmol) were used. Purification by flash column chromatography on
silica gel (Hexane/EtOAc = 50:1) gave 263 mg of 7e (1.14 mmol, 76%) as a 3:1 mixture of E/Z
isomers. Further purification for separation of geometric isomers by medium-pressure column
chromatography (Hexane/Et,O/EtOAc = 200:2:1) gave (£)-7e and (E)-7e. (£)-7e: colorless oil. IR
(neat): 3060, 2875, 1673 cm™'; "H NMR (300 MHz, CDCl3): & 7.34-7.22 (m, 3H), 7.07-7.04 (m, 2H),
3.78 (s, 3H), 2.45 (s, 1H), 2.36-2.28 (m, 4H), 1.05 (t, /= 7.5 Hz, 6H); *C NMR (75 MHz, CDCl,):
0 164.4, 133.8, 127.6, 127.6, 127.3, 111.3, 61.6, 26.1, 19.2, 12.3; HRMS (ESI): m/z [M + H]" calcd
for C1sH20NO: 230.1539, found: 230.1538; (E)-7e: colorless oil. "H NMR (300 MHz, CDCl3): § 7.26
(m, 5H), 3.92 (s, 3H), 2.82 (s, 1H), 2.341 (q, J = 7.5 Hz, 2H), 2.337 (q, /= 7.5 Hz, 2H), 1.05 (t, J =
7.5 Hz, 6H); *C NMR (75 MHz, CDCl3): § 165.4, 135.8, 127.9, 127.9, 127.6, 110.5, 61.7, 20.6,
19.5, 12.1.

(2)-(2-Methyl-3-phenyl-2-cyclopropen-1-yl)phenylmethanone O-methyloxime (E/12)-7f
Following general procedure D, cyclopropenylketone 44f (100 mg, 0.427 mmol) and O-
methylhydroxylamine hydrochloride 45¢ (71.3 mg, 0.854 mmol) were used. Purification by flash
column chromatography on silica gel (Hexane/EtOAc = 50:1) gave 78.0 mg of 7f (0.323 mmol, 76%)
as a 3:1 mixture of £/Z isomers. Further purification for separation of geometric isomers by medium-
pressure column chromatography (Hexane/Et;O/EtOAc = 200:2:1) gave (£)-7f and (E)-7f. (2)-7f:
colorless oil. IR (neat): 3060, 2815, 1682 cm™'; '"H NMR (300 MHz, CDCl;): & 7.48- 7.20 (m, 8H),
7.05-7.01 (m, 2H), 3.83 (s, 3H), 2.81 (s, 1H), 2.18 (s, 3H); *C NMR (75 MHz, CDCl;): § 163.3,
133.4,129.0, 128.8, 128.5, 128.2, 127.9, 127.8, 127.4, 110.7, 109.2, 61.7, 25.8, 11.4; HRMS (ESI):
m/z [M + H]" caled for CisHisNO: 264.1383, found: 264.1380; (E)-7¢: colorless oil. '"H NMR (300
MHz, CDCls): § 7.49-7.19 (m, 8H), 4.00 (s, 3H), 3.23 (s, 1H), 2.19 (s, 3H); *C NMR (75 MHz,
CDCl): 0 164.4, 135.5,129.0, 128.6, 128.5, 128.2, 128.2, 127.8, 109.9, 108.6, 61.8, 20.1, 11.9.
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(D)-[2-[1-[[(1,1-Dimethylethyl)dimethylsilyl]Joxy]-cyclopentan-1-yl]-2-cyclopropene-1-
yllphenylmethanone O-methyloxime (17). Following general procedure D, cyclopropenylketone
48 (420 mg, 1.23 mmol) and O-methylhydroxylamine hydrochloride 45¢ (205 mg, 2.45 mmol) were
used. Purification by flash column chromatography on silica gel (Hexane/EtOAc = 10:1) gave 322
mg of 17 (0.866 mmol, 70%) as a 3:1 mixture of E/Z isomers. Further purification for separation of
geometric isomers by medium-pressure column chromatography (Hexane/Et,O/EtOAc = 200:2:1)
gave (Z)-17 and (E)-17. (Z)-17: colorless oil. IR (neat): 3056, 3026, 2819, 1619 cm™'; '"H NMR (300
MHz, CDCls): & 7.39-7.25 (m, 3H), 7.22-7.17 (m, 2H), 6.55 (d, J = 1.5 Hz, 1H), 3.80 (s, 3H), 2.68
(d, J= 1.5 Hz, 1H), 1.78-1.56 (m, 8H), 0.83 (s, 9H), -0.07 (s, 3H), -0.12 (s, 3H); *C NMR (75 MHz,
CDCl): 6 161.5,132.5,128.4,128.2,127.8,124.4,98.8, 81.6, 61.6, 39.9, 39.8,25.7,25.5, 23.4, 23.1,
18.1,-3.0, -3.1; HRMS (ESI): m/z [M + H]" calcd for C,,H34NO,Si: 372.2353, found: 372.2361.

(2)-[2-(3,17p-Dimethoxyestra-1,3,5(10)-trien-17-yl)-2-cyclopropen-1-yl]Jphenylmethanone  O-
methyloxime (19). Following general procedure D, cyclopropenylketone 49 (250 mg, 0.564 mmol)
and O-methylhydroxylamine hydrochloride 45¢ (94 mg, 1.13 mmol) were used. Purification by flash
column chromatography on silica gel (Hexane/EtOAc = 10:1) gave 224 mg of 19 (0.474 mmol, 84%)
as a 3:1 mixture of £/Z isomers. Further purification for separation of geometric isomers by medium-
pressure column chromatography (Hexane/Et,O/EtOAc = 200:2:1) gave (£)-19 and (£)-19. (£)-19:
colorless oil. IR (neat): 3056, 3026, 2832, 1613 cm™'; '"H NMR (300 MHz, CDCl3):  7.38- 7.28 (m,
5H), 7.14 (d, J=8.7 Hz, 1H), 6.88 (d, /= 1.5 Hz, 1H), 6.67 (dd, /= 8.7, 2,7 Hz, 1H), 6.59 (d, /= 2.7
Hz, 1H), 3.80 (s, 3H), 3.76 (s, 3H), 3.23 (s, 3H), 2.84-2.78 (m, 2H), 2.60 (d, /= 1.5 Hz, 1H), 2.24-
1.18 (m, 13H), 0.94 (s, 3H); *C NMR (75 MHz, CDCl3): § 161.2, 157.4, 137.9, 133.0, 132.5, 128.6,
128.5, 127.9, 126.3, 123.5, 113.8, 111.5, 103.3, 87.5, 61.7, 55.2, 53.4, 49.4, 48.3, 43.4, 39.2, 34.1,
33.6,29.8,27.1,26.4,24.8,22.9, 13.6; HRMS (ESI): m/z [M + H]" calcd for C3;H3sNOs: 472.2846,
found: 472.2847.

General procedure E: preparation of cyclopropenylketones S1a-51h [Table S2, eq 2]. To the
appropriate alkyne (1.0-1.5 equiv.) and Rha(esp)2 (0.003 equiv.) in CH2Cl; (¢ = 0.67 M) was added,
by means of a syringe pump, ethyl diazoacetate 43 (1.0 equiv.) in CH>Cl, (¢ = 2.0 M) over 4 h at rt.
After the addition, stirring was continued for 3 h. Then, the reaction mixture was filtered through a
small column of silica gel, which was washed with CHCIs to remove the catalyst. The filtrate was
evaporated and the residue was purified by flash silica gel column chromatography (Hexane/EtOAc)

to afford cyclopropenylketone 51a-51h.

1-Acetyl-2-phenyl-2-cyclopene-1-carboxylic acid ethyl ester (51a). Prepared according to general
procedure E from ethynylbenzene (392 mg, 3.84 mmol) and diazoacetate 50 (600 mg, 3.84 mmol),
purified by chromatography (SiO,, Hexane/EtOAc = 3:1). S1a was obtained as a yellow oil (269 mg,
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4.34 mmol, 30%). IR (neat): 1726, 1699 cm™'; '"H NMR (400 MHz, CDCls): § 7.80-7.33 (m, 5H),
7.08-6.80 (s, 1H), 4.19 (q, J = 7.0 Hz, 2H), 2.25 (s, 3H), 1.24 (t, J = 6.2 Hz, 4H); *C NMR (101
MHz, CDCls): 6 206.1, 171.3, 130.6, 130.2, 128.9, 123.9, 113.1, 96.1, 61.0, 40.7, 28.1, 14.1; HRMS
(ESI): m/z [M + H]" calcd for C14H;505: 231.1016, found: 231.1014.

Acetyl-2-(4-chlorophenyl)-2-cyclopene-1-carboxylic acid ethyl ester (51b). Prepared according to
general procedure E from 1-chloro-4-ethynylbenzene (524 mg, 3.84 mmol) and diazoacetate 50
(787 mg, 5.76 mmol), purified by chromatography (SiO,, Hexane/EtOAc = 3:1). 5S1b was obtained
as a pale orange oil (363 mg, 1.38 mmol, 36%). IR (neat): 1725, 1699 cm™'; "TH NMR (300 MHz,
CDCL): 7.66-7.47 (m, 2H), 7.47-7.32 (m, 2H), 6.95 (s, 1H), 4.20 (q, J = 7.2 Hz, 2H), 2.27 (s, 3H),
1.25 (t, J = 7.1 Hz, 3H); ®C NMR (75 MHz, CDCl3): § 206.1, 171.3, 136.9, 131.5, 129.5, 122.7,
112.3, 96.9, 61.3, 40.8, 28.3, 14.3; HRMS (ESI): m/z [M + H]" calcd for Ci4H403Cl: 265.0626,
found: 265.0624.

1-Acetyl-2-(4-trifluoromethylphenyl)-2-cyclopene-1-carboxylic acid ethyl ester (S1c). Prepared
according to general procedure E from 1-ethynyl-4-(trifluoromethyl)benzene (850 mg, 5.00 mmol)
and diazoacetate 50 (780.0 mg, 5.00 mmol), purified by chromatography (SiO,, Hexane/EtOAc =
3:1). 51¢ was obtained as an orange oil (189 mg, 0.634 mmol, 13%). IR (neat): 1728, 1701 cm™; 'H
NMR (400 MHz, CDCl3): 6 7.71 (s, 4H), 7.08 (s, 1H), 4.21 (q, /= 7.0 Hz, 2H), 2.32 (s, 3H), 1.26 (t,
J=7.1 Hz, 3H); *C NMR (101 MHz, CDCl): § 205.5, 171.0, 132.2 (q, J=31.6 Hz), 130.4, 127.5,
126.3 (q,J =271 Hz), 125.9 (J/ = 3.9 Hz), 112.0, 99.0, 61.3, 40.7, 28.4, 14.1; HRMS (ESI): m/z [M
+ H]" calcd for CisH1405F3: 299.0890, found: 299.0889.

1-Acetyl-2-(4-fluorophenyl)-2-cyclopene-1-carboxylic acid ethyl ester (51d). Prepared according
to general procedure E from I-ethynyl-4-fluoromethybenzene (769 mg, 6.40 mmol) and
diazoacetate 50 (1000 mg, 6.40 mmol), purified by chromatography (SiO,, Hexane/EtOAc = 3:1).
51d was obtained as a colorless o0il (190 mg, 0.77 mmol, 12%). IR (neat): 1726, 1699 cm™'; '"H NMR
(400 MHz, CDCl3): 6 7.72-7.38 (m, 2H), 7.18-7.08 (m, 2H), 6.90 (s, 1H), 4.20 (q, J = 7.2 Hz, 2H),
2.27 (s, 3H), 1.25 (t, J = 7.1 Hz, 3H); *C NMR (101 MHz, CDCl): § 206.0, 171.2, 163.8 (d, J =
253.6 Hz), 132.3, 120.3 (d, J = 2.8 Hz), 116.3 (d, J = 22.2 Hz), 112.1, 95.7, 61.1, 40.7, 28.1, 14.1;
HRMS (ESI): m/z [M + H]" caled for Ci4H1405F: 249.0922, found: 249.0922.

1-Acetyl-2-(4-methylphenyl)-2-cyclopene-1-carboxylic acid ethyl ester (S1e). Prepared according
to general procedure E from 4-ethynyltoluene (743 mg, 6.40 mmol) and diazoacetate 50 (1000 mg,
6.40 mmol), purified by chromatography (SiO,, Hexane/EtOAc = 3:1). Sle was obtained as a
colorless oil (711 mg, 2.91 mmol, 46%). IR (neat): 1717, 1699 cm™'; "TH NMR (300 MHz, CDCl;):
0 7.50 (d, J = 8.0 Hz, 2H), 7.26 (d, J = 8.0 Hz, 2H), 6.86 (s, 1H), 4.20 (q, J = 7.2 Hz, 2H), 2.40 (s,
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3H), 2.24 (s, 3H), 1.25 (t, J = 7.2 Hz, 3H); 3C NMR (75 MHz, CDCly): 5 206.4, 171.4, 141.1, 130.2,
129.7,121.1,113.1,94.9, 61.0, 40.7, 28.0, 21.6, 14.1; HRMS (ESI): m/z [M + H]" calcd for C:sH,705:
245.1172, found: 245.1171.

1-Acetyl-2-(4-bromophenyl)-2-cyclopene-1-carboxylic acid ethyl ester (51f). Prepared according
to general procedure E from 1-bromo-4-ethynylbenzene (1.15 g, 6.40 mmol) and diazoacetate 50
(1.00 mg, 6.40 mmol), purified by chromatography (SiO,, Hexane/EtOAc = 3:1). 51f was obtained
as a colorless oil (564 mg, 1.82 mmol, 29%). IR (neat): 1723, 1699 cm™'; "TH NMR (300 MHz,
CDClz): 6 7.59 (d, J = 8.7 Hz, 2H), 7.46 (d, J = 8.7 Hz, 2H), 6.96 (s, 1H), 4.20 (q, J = 7.2 Hz, 2H),
2.27 (s, 3H), 1.25 (t, J = 7.2 Hz, 3H); *C NMR (75 MHz, CDCl3): § 205.8, 171.1, 132.3, 131.6,
125.2,123.0, 112.3, 97.0, 61.2, 40.6, 28.2, 14.1; HRMS (ESI): m/z [M + H]" calcd for Ci4H403Br:
309.0121, found: 309.0119.

1-Acetyl-2-(3-methylphenyl)-2-cyclopene-1-carboxylic acid ethyl ester (51g). Prepared according
to general procedure E from 3-ethynyltoluene (0.48 mL, 3.84 mmol) and diazoacetate 50 (600 mg,
3.84 mmol), purified by chromatography (SiO», Hexane/EtOAc = 3:1). 51g was obtained as a
colorless oil (333 mg, 1.36 mmol, 35%). IR (neat): 1726, 1701 cm™'; "TH NMR (300 MHz, CDCl;):
0 7.58-6.98 (m, 4H), 6.93 (s, 1H), 4.19 (qd, J=7.2, 1.9 Hz, 2H), 2.37 (s, 3H), 2.23 (s, 3H), 1.24 (t,J
=7.1 Hz, 3H); ®C NMR (75 MHz, CDCl3): 5 206.0, 171.1, 138.5, 131.3, 130.5, 128.7, 127.2, 123.6,
113.1, 95.7, 60.8, 40.5, 27.8, 21.0, 13.9; HRMS (ESI): m/z [M + H]" calcd for CisH;703: 245.1172,
found: 245.1171.

1-Acetyl-2-(2-fluorophenyl)-2-cyclopene-1-carboxylic acid ethyl ester (S1h). Prepared according
to general procedure E from 1-ethynyl-2-fluorobenzene (769 mg, 6.40 mmol) and diazoacetate 50
(1.00 g, 6.40 mmol), purified by chromatography (SiO,, Hexane/EtOAc = 3:1). S1h was obtained as
an orange oil (401 mg, 1.62 mmol, 25%). IR (neat): 1723, 1699 cm™'; "TH NMR (400 MHz, CDCl;):
6 7.58-7.34 (m, 2H), 7.30-7.10 (m, 2H), 7.07 (s, 1H), 4.20 (q, J= 7.2 Hz, 2H), 2.30 (s, 3H), 1.25 (t, J
=7.1 Hz, 3H); *C NMR (101 MHz, CDCl3): § 206.0, 171.1, 161.5 (d, J=253 Hz), 132.0 (d, /= 8.6
Hz), 124.5 (d, /J=3.8 Hz), 115.9 (d, J=20.4 Hz), 112.7 (d, /= 14.5 Hz), 107.5 (d, /= 2.8 Hz), 98.6
(d, J=3.8 Hz), 61.1, 39.4, 28.1, 14.1; HRMS (ESI): m/z [M + H]" calcd for CisH403F: 249.0922,
found: 249.0921.

General procedure F: preparation of cyclopropenylimines 13a-13h [Table S2, eq 2]. To a solution
of cyclopropenylketone 51a-51h (1.00 equiv.) in MeOH and pyridine (10:1, 0.135 M) was added O-
methylhydroxylamine hydrochloride 45¢ (2.00 equiv.) under Ar atmosphere at 0 °C. After being
stirred for 2 h at rt, the reaction mixture was diluted with aq. 1 M HCl and extracted with CHCl; three

times. The organic layers were dried over MgSO4 and concentrated under reduced pressure. The
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obtained residue was purified by flash column chromatography on silica gel to give a

cyclopropenylimine 13a-13h.

(E)-1-[1-(Methoxyimino)ethyl]-2-phenyl-2-cyclopropene-1-carboxylic acid ethyl ester (13a).
Following general procedure F, cyclopropenylketone Sla (270 mg, 1.17 mmol) and O-
methylhydroxylamine hydrochloride 45¢ (196 mg, 2.35 mmol) were used. Purification by flash
column chromatography on silica gel (Hexane/EtOAc = 10:1) gave 199 mg of (£)-13a (0.765 mmol,
65%) as a pale yellow oil. IR (neat): 3065, 2819, 1721, 1624 cm™'; "TH NMR (300 MHz, CDCl;): §
7.65-7.62 (m, 2H), 7.46-7.39 (m, 3H), 7.06 (s, 1H), 4.17 (q, J = 7.2 Hz, 2H), 3.81 (s, 3H), 2.01 (s,
3H), 1.23 (t,J=7.2 Hz, 3H); ®C NMR (75 MHz, CDCl;): $ 173.4,157.1, 130.1, 129.9, 128.7, 125.3,
117.0,98.9,61.4,61.0,33.8, 14.5, 14.2; HRMS (ESI): m/z [M + H]" calcd for CisHisNOs: 260.1282,
found: 260.1282.

(E)-2-(4-Chlorophenyl)-1-[1-(methoxyimino)ethyl]-2-cyclopropene-1-carboxylic  acid ethyl
ester (13b). Following general procedure F, cyclopropenylketone 51b (550 mg, 2.08 mmo) and O-
methylhydroxylamine hydrochloride 45¢ (348 mg, 4.17 mmol) were used. Purification by flash
column chromatography on silica gel (Hexane/EtOAc = 10:1) gave 412 mg of (£)-13b (1.44 mmol,
69%) as a pale yellow oil. IR (neat): 2991, 2819, 1723, 1626, 1050 cm™'; "TH NMR (300 MHz,
CDClz): 8 7.61-7.56 (m, 2H), 7.42-7.37 (m, 2H), 7.10 (s, 1H), 4.17 (q, J = 7.2 Hz, 2H), 3.80 (s, 3H),
2.00 (s, 3H), 1.22 (t, J = 7.2 Hz, 3H); *C NMR (75 MHz, CDCl3): § 173.4, 157.0, 136.2, 131.6,
129.2, 124.2, 116.1, 100.1, 61.7, 61.3, 34.1, 14.6, 14.5; HRMS (ESI): m/z [M + H]" calcd for
CisH17NO3Cl: 294.0896, found: 294.0891.

(E)-1-[1-(Methoxyimino)ethyl]-2-(4-trifluoromethylphenyl)-2-cyclopropene-1-carboxylic acid
ethyl ester (13c). Following general procedure F, cyclopropenylketone 51¢ (189 mg, 0.633 mmol)
and O-methylhydroxylamine hydrochloride 45¢ (106 mg, 1.27 mmol) were used. Purification by flash
column chromatography on silica gel (Hexane/EtOAc = 10:1) gave 151 mg of (£)-13¢ (0.461 mmol,
73%) as a yellow oil. IR (neat): 2991, 2819, 1723, 1626, 1050 cm™'; "H NMR (300 MHz, CDCl5):
6 7.75 (d, J = 8.4 Hz, 2H), 7.66 (d, J = 8.4 Hz, 2H), 7.21 (s, 1H), 4.17 (q, J = 7.2 Hz, 2H), 3.80 (s,
3H), 2.01 (s, 3H), 1.23 (t, J = 7.2 Hz, 3H); *C NMR (75 MHz, CDCls): § 172.6, 156.3, 131.4 (q, J
=32.5Hz), 130.2,128.7,125.41 (q,/=3.8 Hz), 123.6 (q,/=270.0 Hz), 115.79, 102.17, 61.55, 61.30,
34.23, 14.54, 14.45;, HRMS (ESI): m/z [M + H]" calcd for Ci16H17NOsF3: 328.1155, found: 328.1159.

(E)-2-(4-Fluorophenyl)-1-[1-(methoxyimino)ethyl]-2-cyclopropene-1-carboxylic  acid ethyl
ester (13d). Following general procedure F, cyclopropenylketone 51d (190 mg, 0.765 mmol) and
O-methylhydroxylamine hydrochloride 45¢ (127 mg, 1.53 mmol) were used. Purification by flash
column chromatography on silica gel (Hexane/EtOAc = 10:1) gave 68.0 mg of (£)-13d (0.245 mmol,
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32%) as an orange oil. IR (neat): 2987, 2819, 1723, 1626, 1239 cm™'; '"H NMR (300 MHz, CDCl;):
5 7.66-7.59 (m, 2H), 7.13-7.05 (m, 2H), 7.01 (s, 1H), 4.16 (q, J = 7.2 Hz, 2H), 3.79 (s, 3H), 1.99 (s,
3H), 1.22 (t, J = 7.2 Hz, 3H); 3C NMR (75 MHz, CDCL3): 5 172.9, 163.2 (d, J = 249.0 Hz), 156.6,
131.9(d,J=9.0 Hz), 121.6 (d, /= 3.0 Hz), 115.71 (d, J=21.8 Hz), 115.68, 98.5 (d, /= 3.0 Hz), 61 4,
61.1,34.0, 14.5, 14.4; HRMS (ESI): m/z [M + H]" calcd for C;sH;7NO3F: 278.1187, found: 278.1190.

(E)-1-[1-(Methoxyimino)ethyl]-2-(4-methylphenyl)-2-cyclopropene-1-carboxylic  acid ethyl
ester (13e). Following general procedure F, cyclopropenylketone 51e (427 mg, 1.75 mmol) and O-
methylhydroxylamine hydrochloride 45¢ (292 mg, 3.50 mmol) were used. Purification by flash
column chromatography on silica gel (Hexane/EtOAc = 20:1) gave 285 mg of (£)-13e (1.04 mmol,
60%) as a yellow oil. IR (neat): 2983, 2823, 1721, 1607 cm™'; '"H NMR (300 MHz, CDCl3): § 7.52-
7.48 (m, 2H), 7.23-7.19 (m, 2H), 6.96 (s, 1H), 4.15 (q, J = 7.2 Hz, 2H), 3.80 (s, 3H), 2.38 (s, 3H),
2.00 (s, 3H), 1.22 (t, J = 7.2 Hz, 3H); *C NMR (75 MHz, CDCl3):  173.2, 156.9, 140.1, 129.9,
129.2, 122.3, 116.6, 97.5, 61.4, 61.0, 33.9, 21.8, 14.7, 14.5; HRMS (ESI): m/z [M + H]" calcd for
Ci6H20NO3: 274.1438, found: 274.1442.

(E)-2-(4-Bromophenyl)-1-[1-(methoxyimino)ethyl]-2-cyclopropene-1-carboxylic acid ethyl
ester (13f). Following general procedure F, cyclopropenylketone 51f (320 mg, 1.03 mmol) and O-
methylhydroxylamine hydrochloride 45¢ (172 mg, 2.07 mmol) were used. Purification by flash
column chromatography on silica gel (Hexane/EtOAc = 10:1) gave 167 mg (0.494 mmol, 52%) of
(E)-13f as an orange oil. IR (neat): 2983, 2823, 1721, 1607 cm™'; '"H NMR (300 MHz, CDCl3): §
7.58-7.54 (m, 2H), 7.53-7.50 (m, 2H), 7.11 (s, 1H), 4.17 (q, J = 7.2 Hz, 2H), 3.80 (s, 3H), 1.99 (s,
3H), 1.22 (t,J=7.2 Hz, 3H); *C NMR (75 MHz, CDCl;): § 173.1, 156.7, 131.9, 131.5, 124.4, 124.3,
115.9, 100.0, 61.4, 61.1, 33.8, 14.3, 14.2; HRMS (ESI): m/z [M + H]" calcd for CisHi7NO3Br:
338.0386, found: 338.0394.

(E)-1-[1-(Methoxyimino)ethyl]-2-(3-methylphenyl)-2-cyclopropene-1-carboxylic acid ethyl
ester (13g). Following general procedure F, cyclopropenylketone 51g (333 mg, 1.36 mmol) and O-
methylhydroxylamine hydrochloride 45¢ (227 mg, 2.73 mmol) were used. Purification by flash
column chromatography on silica gel (Hexane/EtOAc = 20:1) gave 289 mg of (£)-13g (1.06 mmol,
78%) as a yellow oil. IR (neat): 2983, 2815, 1718, 1626 cm™'; '"H NMR (300 MHz, CDCl3): & 7.41
(d,J=8.1Hz, 2H), 7.28 (t,J=7.5Hz, 1H), 7.17 (d, J= 7.5 Hz, 1H), 7.01 (s, 1H), 4.15 (br q, J= 7.2
Hz, 2H), 3.80 (s, 3H), 2.36 (s, 3H), 2.00 (s, 3H), 1.22 (t,J= 7.2 Hz, 3H); *C NMR (75 MHz, CDCl,):
6173.0,156.7,138.1, 130.5, 130.3, 128.3, 127.0, 125.0, 116.8, 98.5, 61.3, 60.9, 33.9, 21.4, 14.6, 14 .4;
HRMS (ESI): m/z [M + H]" calcd for CisH20NOs: 274.1438, found: 274.1440.

(E)-2-(2-Fluorophenyl)-1-[1-(methoxyimino)ethyl]-2-cyclopropene-1-carboxylic  acid ethyl
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ester (13h). Following general procedure F, cyclopropenylketone 51h (276 mg, 1.11 mmol) and O-
methylhydroxylamine hydrochloride 45¢ (186 mg, 2.22 mmol) were used. Purification by flash
column chromatography on silica gel (Hexane/EtOAc = 10:1) gave 190 mg of (£)-13h (0.684 mmol,
62%) as a yellow oil. IR (neat): 2983, 2815, 1718, 1626 cm™'; "TH NMR (300 MHz, CDCl3): & 7.60
(dt,J=17.2,1.8 Hz, 1H), 7.41-7.34 (m, 1H), 7.22 (s, 1H), 7.21-7.09 (m, 2H), 4.18 (q, J= 7.2 Hz, 2H),
3.80 (s, 3H), 2.01 (s, 3H), 1.22 (t, J= 7.2 Hz, 3H); 3C NMR (75 MHz, CDCl3): § 173.1, 161.4 (d, J
=253.5 Hz), 156.8, 131.7 (d, J=8.3 Hz), 131.5 (d, J= 2.1 Hz), 124.1 (d, /= 3.8 Hz), 115.6 (d, J =
19.5 Hz), 113.9 (d, /= 13.5 Hz), 111.3 (d, /= 2.3 Hz), 101.7 (d, J = 4.5 Hz), 61.2, 60.9, 32.6, 14.1,
14.0; HRMS (ESI): m/z [M + H]" calcd for CisH7sNO3F: 278.1187, found: 278.1189.

pMe
o o o N N
Me Me pyridine Me
EtO,C Phl, K,CO3, Pd(OAc), EtO,C MeONH,+HCI (45¢) EtO,C
Ph Ph
DMF, rt, 18 h MeOH, rt, 2 h
Ph 31% Ph 74% Ph
51a 52 (E)-15

Scheme S1. Preparation of cyclopropenylimine (£)-15.

Preparation of 2,3-diphenylcyclopropenylketone 52 [Scheme S1]. To a solution of
cyclopropenylketone S1a (425 mg, 1.8 mmol) in DMF were added iodobenzene (0.22 ml, 2.0 mmol),
K>COs (550 mg, 4.6 mmol) and Pd(OAc),. The mixture was heated to 30 °C. After being stirred for
18 h, the reaction mixture was filtered through celite with diethyl ether and washed with sat. aq.
NH4CI three times. The Organic layer was evaporated under reduced pressure. The residue was
purified by flash column chromatography on silica gel (Hexane/EtOAc = 10:1) gave 170 mg of 52
(0.558 mmol, 31%) as a pale yellow oil.

Acetyl-2,3-diphenyl-2-cyclopene-1-carboxylic acid ethyl ester (52). IR (neat): 2983, 2815, 1718,
1626 cm™'; "TH NMR (300 MHz, CDCl3): & 7.83-7.66 (m, 4H), 7.62-7.33 (m, 6H), 4.20 (q, J = 7.0
Hz, 2H), 2.12 (s, 3H), 1.22 (t, J= 7.1 Hz, 3H); “C NMR (75 MHz, CDCls): § 206.1, 170.8, 130.2,
129.2,125.4,108.2,61.1,43.6,27.3, 14.3; HRMS (ESI): m/z [M + H]" calcd for C0H1903: 307.1329,
found: 307.1332.

Preparation of (E)-15 [Scheme S1]. To a solution of cyclopropenylketone 52 (220 mg, 0.656 mmol)
in MeOH and pyridine (10:1, 0.135 M) was added O-methylhydroxylamine hydrochloride 45¢ (117
mg, 1.31 mmol) under Ar atmosphere at 0 °C. After being stirred for 2 h at rt, the reaction mixture
was diluted with aq. 1 M HCI and extracted with CHCI; three times. The organic layers were dried
over MgSO4 and concentrated under reduced pressure. The obtained residue was purified by flash

column chromatography on silica gel to give 174 mg of cyclopropenylimine (£)-15 (0.519 mmol,

71



74%) as a pale yellow solid.

(E)-1-[1-(Methoxyimino)ethyl]-2,3-diphenyl-2-cyclopropene-1-carboxylic acid ethyl ester (15).
IR (neat): 3060, 2819, 1721, 1626 cm™'; '"H NMR (300 MHz, CDClL3): 6 7.77 (d, J = 7.2 Hz, 4H),
7.50-7.37 (m, 6H), 4.17 (q, J = 7.2 Hz, 2H), 3.81 (s, 3H), 2.01 (s, 3H), 1.19 (t, J = 7.2 Hz, 3H); 3C
NMR (75 MHz, CDCl3): 6 172.8, 156.5, 130.1(2), 129.4, 128.8, 126.7, 110.6, 61.5, 60.8, 36.0, 14.5,
14.3; HRMS (ESI): m/z [M + H]" calcd for C21H2NOs: 336.1594, found: 336.1591.

[Scheme 21, eq 1]. To a solution of cyclopropenylimine 7e (30.0 mg, 0.13 mmol) in THF (5.0 mL)
was added CuCl; (1.8 mg, 0.013 mmol) at rt. After being stirred under reflux for 0.5 h, the reaction
mixture was quenched with water and extracted with CHCI; three times. The combined organic layers
were dried over MgSOQ., filtered and concentrated. The residue was purified by preparative TLC
(Hexane/EtOAc = 40:1) to afford N-alkoxypyrrole 11e (19.5 mg, 65%) as a colorless oil.

2,3-Diethyl-1-methoxy-5-phenyl-1H-pyrrole (11e). IR (neat): 3065, 2866, 1602, 1510 cm™'; 'H
NMR (300 MHz, CDCl3): & 7.68-7.65 (m, 2H), 7.37-7.32 (m, 2H), 7.22-7.16 (s, 1H), 6.09 (s, 1H),
3.68 (s, 3H), 2.65 (q, J=7.5 Hz, 2H), 2.44 (q, /= 7.5 Hz, 2H), 1.24 (t, J="7.5 Hz, 3H), 1.19 (t, J =
7.5 Hz, 3H); *C NMR (75 MHz, CDCl3): 5 131.6, 128.4, 128.1, 125.9, 125.8, 125.7, 117.7, 103.1,
65.6, 19.2, 16.9, 15.5, 14.9; HRMS (ESI): m/z [M + H]" calcd for CisH20NO: 230.1539, found:
230.1540.

[Scheme 21, eq 2]. To a solution of cyclopropenylimine 7f (40.0 mg, 0.15 mmol) in THF (5.0 mL)
was added CuCl; (2.0 mg, 0.015 mmol) at rt. After being stirred under reflux for 0.5 h, the reaction
mixture was quenched with water and extracted with CHCI; three times. The combined organic layers
were dried over MgSO., filtered and concentrated. The residue was purified by preparative TLC
(Hexane/EtOAc = 40:1) to afford N-alkoxypyrrole 11f (18.7 mg, 47%, pale pink oil) and 11f* (8.2
mg, 21%, pale yellow oil).

1-Methoxy-2-methyl-3,5-diphenyl-1H-pyrrole (11f). IR (neat): 3065, 2866, 1602, 1510 cm™; 'H
NMR (300 MHz, CDCl3): 6 7.68-7.65 (m, 2H), 7.37-7.32 (m, 2H), 7.22-7.16 (s, 1H), 6.09 (s, 1H),
3.68 (s, 3H), 2.65 (q, J = 7.5 Hz, 2H), 2.44 (q, J = 7.5 Hz, 2H), 1.24 (t, J= 7.5 Hz, 3H), 1.19 (t, J =
7.5 Hz, 3H); '3C NMR (75 MHz, CDCl): & 131.6, 128.4, 128.1, 125.9, 125.8, 125.7, 117.7, 103.1,
65.6, 19.2, 16.9, 15.5, 14.9; HRMS (ESI): m/z [M + H]J" calcd for C;sHxNO: 230.1539, found:
230.1540.

Methoxy-3-methyl-2,5-diphenyl-1H-pyrrole (11f°). IR (neat): 3060, 2823, 1604, 1523 cm™'; TH
NMR (300 MHz, CDCl3): 6 7.72-7.68 (m, 2H), 7.44-7.33 (m, 6H), 7.26-7.17 (m, 2H), 6.37 (s, 1H),
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3.74 (s, 3H), 2.47 (s, 3H); *C NMR (75 MHz, CDCL): § 136.5, 131.2, 128.6, 128.4, 127.4, 126.8,
126.4,126.2, 125.4, 122.9, 117.7, 103.2, 65.5, 9.7; HRMS (ESI): m/z [M + H]" calcd for CsH;sNO:
264.1383, found: 264.1380.

General procedure G: synthesis of 1,2,3,4-tetrasubstituted pyrroles 14 [Scheme 21, eq 3]. To a
solution of cyclopropenylimine 13 (1.00 equiv.) in THF (c = 0.025 M) was added CuCl; (0.1 equiv.)
at rt. After being stirred under reflux for 2 h, the reaction mixture was quenched with water and
extracted with CHCI; three times. The combined organic layers were dried over MgSQy, filtered and
concentrated. The residue was purified by preparative TLC (Hexane/EtOAc) to afford 1,2,3,4-
tetrasubstituted pyrrole 14.

1-Methoxy-2-methyl-4-phenyl-1H-pyrrole-3-carboxylic acid ethyl ester (14a). Following
general procedure G, (£)-13a (77.0 mg, 0.334 mmol) was used. Purification by flash column
chromatography on silica gel (Hexane/EtOAc = 10:1) gave 59.3 mg of 14a (0.229 mmol, 77%) as a
yellow oil. IR (neat): 2983, 2815, 1718, 1626 cm™'; '"H NMR (300 MHz, CDCl;): § 7.36-7.20 (m,
5H), 6.69 (s, 1H), 4.13 (q, J = 7.2 Hz, 2H), 3.98 (s, 3H), 2.53 (s, 3H), 1.13 (t, J= 7.2 Hz, 3H); ¥C
NMR (75 MHz, CDCls): 6 164.8, 135.0, 131.5, 129.1, 127.3,126.2, 122.8, 113.1, 106.0, 66.8, 59.4,
14.3, 10.2; HRMS (ESI): m/z [M + H]" caled for CsHsNO;: 260.1281, found: 260.1287.

4-(4-Chlorophenyl)-1-methoxy-2-methyl-1H-pyrrole-3-carboxylic acid ethyl ester (14b).
Following general procedure G, (£)-13b (100 mg, 0.385 mmol) was used. Purification by flash
column chromatography on silica gel (Hexane/EtOAc = 10:1) gave 82.7 mg of 14b (0.319 mmol,
83%) as a white solid. IR (neat): 2983, 2815, 1718, 1626 cm™'; '"H NMR (300 MHz, CDCl;): § 7.26
(m, 4H), 6.68 (s, 1H), 4.15 (q, J = 7.2 Hz, 2H), 3.98 (s, 3H), 2.52 (s, 3H), 1.16 (t, J = 7.2 Hz, 3H).
3C NMR (75 MHz, CDCl3): § 164.6, 133.5, 132.0, 131.8, 130.4, 127.4, 121.6, 113.2, 105.9, 66.8,
59.5,14.4,10.2.10.2; HRMS (ESI): m/z [M + H]" calcd for CisH;7NOsCl: 294.0891, found: 294.0896.

1-Methoxy-2-methyl-4-(4-trifluoromethylphenyl)-1H-pyrrole-3-carboxylic acid ethyl ester
(14c). Following general procedure G, (£)-13¢ (59.0 mg, 0.18 mmol) was used. Purification by flash
column chromatography on silica gel (Hexane/EtOAc = 10:1) gave 53.8 mg of 14¢ (0.165 mmol,
91%) as a white solid. IR (neat): 1699, 1618, 1531, 1326 cm™'; '"H NMR (300 MHz, CDCl;): & 7.58-
7.55 (m, 2H), 7.49-7.46 (m, 2H) 6.75 (s, 1H), 4.16 (q, J=7.2 Hz, 2H), 4.02 (s, 3H), 2.54 (s, 3H), 1.16
(t, J=7.2 Hz, 3H); *C NMR (75 MHz, CDCL3):  164.8, 139.0 (d, J= 1.5 Hz), 132.3, 129.8, 128.4
(q, /=323 Hz), 124.5 (q, J=270.0 Hz), 124.4 (q, /= 3.8 Hz), 121.7, 113.8, 106.2, 66.9, 59.6, 14.1,
10.0; HRMS (ESI): m/z [M + H]" calcd for Ci6H17NOsF;: 328.1155, found: 328.1159.

4-(4-Fluorophenyl)-1-methoxy-2-methyl-1H-pyrrole-3-carboxylic acid ethyl ester (14d).
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Following general procedure G, (£)-13d (68.8 mg, 0.245 mmol) was used. Purification by flash
column chromatography on silica gel (Hexane/EtOAc = 10:1) gave 57.4 mg of 14d (0.207 mmol,
84%) as a colorless oil. IR (neat): 1697, 198, 1525, 1278 cm™'; 'TH NMR (300 MHz, CDCl5): § 7.33-
7.23 (m, 2H), 7.02-6.94 (m, 2H), 6.66 (s, 1H), 4.14 (q, J = 7.2 Hz, 2H), 3.99 (s, 3H), 2.52 (s, 3H),
1.15 (t,J= 7.2 Hz, 3H); 3C NMR (75 MHz, CDCl3): § 165.0, 161.8 (d, J=243.0 Hz), 131.8, 131.2
(d, J=3.8 Hz), 130.9 (d, /= 7.5 Hz), 122.0, 114.2 (d, J = 21.0 Hz), 113.2, 106.1, 66.7, 59.4, 14.1,
9.9; HRMS (ESI): m/z [M + H]" calcd for C1sH;7NO3F: 278.1187, found: 278.1191.

1-Methoxy-2-methyl-4-(4-methylphenyl)-1H-pyrrole-3-carboxylic acid ethyl ester (14e).
Following general procedure G, (£)-13e (100 mg, 0.366 mmol) was used. Purification by flash
column chromatography on silica gel (Hexane/EtOAc = 10:1) gave 75.4 mg of 14e (0.275 mmol,
75%) as a yellow oil. IR (neat): 1695, 1609, 1527 cm™; "TH NMR (300 MHz, CDCl): & 7.25-7.22
(m, 2H), 7.12-7.09 (m, 2H), 6.67 (s, 1H), 4.15 (q, J = 7.2 Hz, 2H), 3.98 (s, 3H), 2.52 (s, 3H), 2.35 (s,
3H), 1.16 (t,J=7.2 Hz, 3H); ®C NMR (75 MHz, CDCl;): 5 164.8, 135.7,131.9, 131.4, 129.0, 128.1,
122.8, 112.9, 106.0, 66.8, 59.4, 21.4, 14.4, 10.2; HRMS (ESI): m/z [M + H]" caled for: Ci16H20NO3
274.1438, found: 274.1440.

4-(4-Bromophenyl)-1-methoxy-2-methyl-1H-pyrrole-3-carboxylic acid ethyl ester (14f).
Following general procedure G, (£)-13f (58.0 mg, 0.172 mmol) was used. Purification by flash
column chromatography on silica gel (Hexane/EtOAc = 10:1) gave 44.4 mg of 14f (0.132 mmol,
77%) as a white solid. IR (neat): 1697, 1566, 1516, 1069 cm™'; '"H NMR (300 MHz, CDCl3): § 7.46-
7.41 (m, 2H), 7.26-7.21 (m, 2H), 6.70 (s, 1H), 4.16 (q, J = 7.2 Hz, 2H), 4.00 (s, 3H), 2.53 (s, 3H),
1.17 (t, J = 7.2 Hz, 3H); “C NMR (75 MHz, CDCl3): § 164.9, 134.2, 132.1, 131.0, 130.6, 121.9,
120.4, 113.3, 106.0, 66.8, 59.5, 14.2, 10.0;, HRMS (ESI): m/z [M + H]" calcd for C;sH;7NOsBr:
338.0386, found: 338.1389.

1-Methoxy-2-methyl-4-(3-methylphenyl)-1H-pyrrole-3-carboxylic acid ethyl ester (14g).
Following general procedure G, (£)-13g (100 mg, 0.366 mmol) was used. Purification by flash
column chromatography on silica gel (Hexane/EtOAc = 10:1) gave 75.2 mg of 14g (0.275 mmol,
75%) as a pale yellow oil. IR (neat): 1695, 1607, 1516 cm™; 'TH NMR (300 MHz, CDCls): § 7.23-
7.04 (m, 4H), 6.68 (s, 1H), 4.14 (q, /= 7.2 Hz, 2H), 3.98 (s, 3H), 2.52 (s, 3H), 2.35 (s, 3H), 1.14 (¢, J
=7.2 Hz, 3H); ®C NMR (75 MHz, CDCl3): 5 164.9, 136.6, 134.8, 131.5, 129.9, 127.2, 126.9, 126.3,
122.8, 113.0, 106.0, 66.7, 59.4, 21.6, 14.3, 10.1; HRMS (ESI): m/z [M + H]" caled for Ci6H20NOs:
274.1438, found: 274.1439.

4-(2-Fluorophenyl)-1-methoxy-2-methyl-1H-pyrrole-3-carboxylic acid ethyl ester (14h).
Following general procedure G, (£)-13h (50.0 mg, 0.180 mmol) was used. Purification by flash
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column chromatography on silica gel (Hexane/EtOAc = 10:1) gave 42.2 mg of 14h (0.151 mmol,
84%) as a white solid. IR (neat): 2983, 2819, 1723, 1626, 1241 cm™'; 'TH NMR (300 MHz, CDCl;):
7.30-7.21 (m, 2H), 7.12-7.02 (m, 2H), 6.74 (s, 1H), 4.12 (q, J = 7.2 Hz, 2H), 4.00 (s, 3H), 2.54 (s,
3H), 1.08 (t, J =7.2 Hz, 3H); *C NMR (75 MHz, CDCls): 5 164.9, 160.4 (d, J = 244.5 Hz), 131.6,
131.4 (d, J=3.0 Hz), 128.2 (d, J = 6.8 Hz), 123.5, 123.3 (d, /= 3.8 Hz), 115.6, 114.9 (d, J = 22.5
Hz), 113.8,107.2, 66.8, 59.3, 13.9,9.7; HRMS (ESI): m/z [M + H]" calcd for C,sH;7NOsF: 278.1187,
found: 278.1189.

[Scheme 21, eq 4]. A solution of (E)-15 (30 mg, 0.0893 mmol) and CuCl; (1.2 mg, 0.0089 mmol) in
chlorobenzene (0.1 mL) was added to a sealed tube. After being stirred at 140 °C 8 h, the reaction
mixture was then allowed to cool to rt and concentrated at reduced pressure. The residue was purified
by preparative TLC (Benzene) and gave 16.6 mg of 16 (0.0495 mmol, 56%) as a pale pink solid.

1-Methoxy-2-methyl-4,5-diphenyl-1H-pyrrole-3-carboxylic acid ethyl ester (16). IR (neat): 1695,
1604, 1529 cm™; "TH NMR (300 MHz, CDCl): § 7.28-7.14 (m, 10H), 4.08 (q, J= 7.2 Hz, 2H), 3.61
(s, 3H), 2.63 (s, 3H), 1.04 (t, J= 7.2 Hz, 3H); “C NMR (75 MHz, CDCl3): § 164.9, 135.0, 131.0,
130.7, 129.6, 129.2, 127.8, 127.1, 126.9, 125.9, 125.0, 120.3, 106.9, 65.7, 59.4, 14.2, 10.4; HRMS
(ESI): m/z [M + H]" calcd for C21H22NOs: 336.1594, found: 336.1592.

[Scheme 22, eq 1]. To a solution of cyclopropenylimine (Z)-17 (30.0 mg, 0.15 mmol) in THF (5.0
mL) was added CuCl, (2.0 mg, 0.015 mmol) at rt. After being stirred under reflux for 0.5 h, the
reaction mixture was quenched with water and extracted with CHCI; three times. The combined
organic layers were dried over MgSO., filtered and concentrated. The residue was purified by
preparative TLC (Hexane/EtOAc = 20:1) gave 9.5 mg of 18 (0.0395 mmol, 49%) as a pale yellow oil.

4-(1-Cyclopenten-1-yl)-1-methoxy-2-phenyl-1H-pyrrole (18). IR (neat): 2849, 1600, 1508 cm™;
"H NMR (300 MHz, CDCl3):  7.67-7.63 (m, 2H), 7.39-7.34 (m, 2H), 7.27-7.21 (m, 1H), 6.85 (d, J
=2.1 Hz, 1H), 6.34 (d, /= 2.1 Hz, 1H), 5.84 (m, 1H), 3.78 (s, 3H), 2.62-2.54 (m, 2H), 2.51-2.43 (m,
2H), 1.97 (quint, J = 7.2 Hz, 2H); *C NMR (75 MHz, CDCl3): § 136.2, 130.6, 128.7, 128.3, 126.6,
126.3, 121.5, 117.4, 113.9, 101.7, 66.6, 33.7, 33.1, 23.6; HRMS (ESI): m/z [M + H]" calcd for
CisH1sNO: 240.1383, found: 240.1382.

[Scheme 22, eq 2]. To a solution of (£)-19 (19.0 mg, 0.0403 mmol) in THF (1.5 mL) was added CuCl,
(0.54 mg, 0.0040 mmol, 10 mol %) under an Ar atmosphere at rt. This mixture was heated to reflux
and stirred for 3 h. The reaction mixture was then allowed to cool to rt and concentrated at reduced
pressure. Purification by preparative TLC (Toluene/Hexane = 5:1) gave 9.9 mg of 20 (0.0225 mmol,
56%) as a red oil.
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Methoxy-4-(3-methoxyestra-13,5(10),16-tetraen-17-yl)-2-phenyl-1H-pyrrole (20). IR (neat):
3034, 2853, 2831, 1608, 1500 cm™'; "H NMR (300 MHz, CDCL): 5 : § 7.67-7.64 (m, 2H), 7.36 (t, J
=17.5 Hz, 2H), 7.27-7.19 (m, 4H), 6.97 (d, J= 2.1 Hz, 1H), 6.70 (dd, /= 8.7, 2.7 Hz, 1H), 6.63 (d, J
=2.7Hz, 1H), 6.33 (d, J=2.4 Hz, 1H), 5.82-5.80 (m, 1H), 3.79 (s, 3H), 3.78 (s, 3H), 2.94-2.87 (m,
2H), 2.43-2.24 (m, 4H), 2.11-1.92 (m, 1H), 1.80-1.64 (m, 4H), 1.01 (s, 3H); *C NMR (75 MHz,
CDCls): 6 157.4, 148.4, 138.0, 133.0, 130.8, 128.5, 126.7, 126.5, 126.0, 121.7, 115.9, 113.8, 113.4,
111.4,102.7, 66.6, 56.4, 55.2,47.3, 44.2, 37.3, 35.8, 31.0, 29.8, 27.7, 26.8, 16.5; HRMS (ESI): m/z
[M + H]" caled for C30H34NO,: 440.2584, found: 440.2588.

Preparation of cyclopropenylimine 21a [Scheme 22, eq 3]. To a solution of cyclopropenylketone
44a (200 mg, 1.00 mmol) in MeOH and pyridine (92 mL, 0.135 M, 10:1) was added 4-(aminooxy)-
2-butenoic acid ethyl ester hydrochloride (362 mg, 2.00 mmol) under an Ar atmosphere at 0 °C. After
being stirred for 2 h at rt, the reaction mixture was diluted with aq. 1 M HCI and extracted with CHCl;
three times. The organic layers were dried over MgSQO4 and concentrated under reduced pressure. The
obtained residue was purified by flash column chromatography on silica gel (Hexane/EtOAc = 50:1)
to give 362 mg of 21a (0.585 mmol, 60%) as a colorless oil and a 1:1 mixture of £/Z isomers as a

pale yellow oil.

(E/Z)-4-[[(2-Butyl-2-cyclopropen-1-yl)-1-phenylidene]amino]oxy]-2-butenoic acid ethyl ester
(21a). IR (neat): 3056, 3026, 1723, 1650 cm™; '"H NMR (300 MHz, CDCl;): § 7.39-7.13 (m, 5H),
7.17-6.94 (m, 2H), 6.47-6.44 (m, 2H), 6.10 (dt, J = 15.9, 1.8 Hz, 1/ 2H), 5.90 (dt, /= 15.9, 1.8 Hz,
1/2H), 4.83 (dd, J=4.5, 2.1 Hz, 4/ 2H), 4.67 (dd, J=4.5, 2.1 Hz, 4/2H), 4.20 (quint, /= 7.2 Hz, 2H),
291 (d, J=1.8 Hz, 1/2H), 2.48 (d, J = 1.8 Hz, 1/2H), 2.43-2.36 (m, 2H), 1.52-1.41 (m, 2H), 1.32-
1.23 (m, 10.5H), 0.85 (br t, J = 7.2 Hz, 3H); *C NMR (75 MHz, CDCl): § 166.3, 166.3, 165.3,
164.1, 144.6, 144.5, 134.7, 133.2, 128.5, 128.2, 128.1, 128.0, 127.9, 127.7, 121.39, 121.36, 1204,
119.3,98.5,97.9,72.4,72.2, 60.34, 60.29, 28.8, 28.6, 25.7,25.4,22.9,22.1,17.3, 14.2, 13.7; HRMS
(ESI): m/z [M + H]" calcd for C20H26NO3: 328.1907, found: 328.1906.

Preparation of cyclopropenylimine 21b [Scheme 22, eq 3]. To a solution of (2-methylphenyl-2-
cyclopropen-1-yl)-phenylmethanone (250 mg, 1.07 mmol) in MeOH and pyridine (92 mL, 0.135 M,
10:1) was added 4-(aminooxy)-2-butenoic acid ethyl ester hydrochloride (386 mg, 2.13 mmol) under
an Ar atmosphere at 0 °C. After being stirred for 2 h at rt, the reaction mixture was diluted with aq. 1
M HCI and extracted with CHCI; three times. The organic layers were dried over MgSO4 and
concentrated under reduced pressure. The obtained residue was purified by flash column
chromatography on silica gel (Hexane/EtOAc = 50:1) to give 157 mg of 21b (0.436 mmol, 41%) as

a colorless oil and a 2:1 mixture of £/Z isomers as a pale yellow oil.
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(E/Z)-4-|[(2-methylphenyl-2-cyclopropen-1-yl)-1-phenylidene]amino]oxy]-2-butenoic acid
ethyl ester (21b). IR (neat): 3027, 1727, 1651 cm™'; '"H NMR (300 MHz, CDCl3): § 7.39-7.13 (m,
10H), 6.59 (s, 1H), 6.08 (d, J = 15.9 Hz, 2/3H), 5.91 (d, J = 15.9 Hz, 1/3H), 4.82-4.73 (m, 4/3H),
6.02-5.82 (m, 2/3H), 4.31-4.11 (m, 2H), 3.74 (s, 2H), 2.99 (s, 2/3H), 2.60 (s, 1/3H), 1.42—1.09 (m,
4H); BC NMR (75 MHz, CDCl3): § 166.3, 164.4, 163.5, 144.6, 144.4, 136.6, 136.3, 134.6, 133.0,
128.5, 128.5, 128.2, 128.1, 128.0, 127.9, 127.7, 126.6, 126.6, 121.4, 119.4, 118.3, 100.1, 99.4, 72.2,
60.3,32.5,32.2,23.6, 18.0, 14.2; HRMS (ESI): m/z [M + H]" calcd for C20H2NOs: 328.1907, found:
328.1906.

Preparation of pyrrolo[1,2-b]isoxazole 22a [Scheme 22, eq 3]. To a solution of 21a (50.0 mg, 0.152
mmol) in THF (6.1 mL) was added CuCl, (2.10 mg, 0.0152 mmol) under an Ar atmosphere at rt. This
mixture was heated to reflux and stirred for 0.5 h. The reaction mixture was then allowed to cool to
rt, diluted with sat. aq. NaHCO3, and extracted with CHCI; three times. The organic layers were dried
over MgSO4 and concentrated under reduced pressure to give the crude monocyclic pyrrole, which
was used for the next step without further purification. To the solution of the crude monocyclic pyrrole
in DCE (15.0 mL) was added Sc(OTf)s (150 mg, 0.305 mmol) under an Ar atmosphere at rt. After
being stirred at reflux for 0.5 h, the reaction mixture was diluted with H,O and extracted with CHCl;
three times. The organic layers were dried over MgSO4 and concentrated under reduced pressure.
Purification by column chromatography on silica gel (Hexane/EtOAc = 10:1) gave 26.5 mg of 22a
(0.0809 mmol, 53%) as a pale yellow oil.

4-Butyl-6-phenylpyrrolo[1,2-b]isoxazole-3-acetic acid ethyl ester (22a). IR (neat): 3067, 1734,
1608, 1518 cm™; 'TH NMR (300 MHz, CDCls): 8 7.63-7.60 (m, 2H), 7.35-7.29 (m, 2H), 7.17-7.11
(m, 1H), 6.13 (s, 1H), 5.05 (t, /=7.5 Hz, 1H), 4.63 (dd, J=8.1, 5.1 Hz, 1H), 4.19 (q, /= 7.2 Hz, 2H),
3.95-3.86 (m, 1H), 2.87 (dd, J = 16.8, 4.2 Hz, 1H), 2.65 (dd, J=16.8, 7.5 Hz, 1H), 2.42 (t, J=17.5
Hz, 2H), 1.61-1.52 (m, 2H), 1.40 (quint, J= 7.2 Hz, 2H), 1.29 (t,J= 7.2 Hz, 3H), 0.94 (t, /= 7.2 Hz,
3H); C NMR (75 MHz, CDCl3): § 171.6, 130.7, 128.5, 125.6, 124.7, 124.4, 121.8, 112.5, 105.6,
81.7,60.9, 36.8, 36.2, 33.4,26.0, 22.5, 14.2, 14.0; HRMS (ESI): m/z [M + H]" caled for C23H24NOs:
328.1751, found: 362.1749.

Preparation of pyrrolo[1,2-blisoxazole 22b [Scheme 22, eq 3]. To a solution of 21b (50.0 mg, 0.138
mmol) in THF (5.5 mL) was added CuCl, (1.86 mg, 0.0138 mmol) under an Ar atmosphere at rt. This
mixture was heated to reflux and stirred at this temperature for 0.5 h. The reaction mixture was then
allowed to cool to rt and extracted with CHCI3 and sat. aq. NaHCOj3 three times. The organic layers
were dried over MgSO4 and concentrated under reduced pressure to give the crude monocyclic
pyrrole, which was used for the next step without further purification. To a solution of the crude
monocyclic pyrrole in DCE (14.0 mL) was added Sc(OTf); (135 mg, 0.276 mmol) under an Ar
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atmosphere at rt. After being stirred at reflux for 0.5 h, the reaction mixture was diluted with H>O and
extracted with CHClIs three times. The organic layers were dried over MgSO4 and concentrated under
reduced pressure. Purification by column chromatography on silica gel (Hexane/EtOAc = 10:1) gave
24.8 mg of 22b.

4-Phenylmethyl-6-phenylpyrrolo[1,2-b]isoxazole-3-acetic acid ethyl ester (22b). IR (neat): 3064,
1729, 1603, 1517 cm™; "H NMR (300 MHz, CDCls): § 7.62-7.58 (m, 2H), 7.33-7.11 (m, 8H), 6.12
(s, 1H), 5.00 (t, J= 7.5 Hz, 1H), 4.60 (dd, J= 8.4, 4.5 Hz, 1H), 4.10 (q, J= 7.2 Hz, 2H), 3.81 (s, 2H),
3.76-3.67 (m, 1H), 2.50 (d, J = 7.5 Hz, 2H), 1.24 (t, J= 7.2 Hz, 3H); 3C NMR (75 MHz, CDCL): &
171.5, 141.4, 130.6, 128.6, 128.5, 128.4, 126.0, 125.8, 125.2, 124.4, 122.0, 110.9, 106.3, 81.7, 60.8,
36.5,36.2,32.8, 14.1; HRMS (ESI): m/z [M + H]" caled for C23H24NOs: 362.1751, found: 362.1753.

[Scheme 22, eq 4]. A solution of N-alkoxy pyrrole 11a (200 mg, 0.870 mmol) in AcOH was passed
through the H-cube® which was equipped with a cartridge filled with Pd/C catalyst. The solution was
flowed at a rate of 1.0 mL/min with a pressure of 10 atm. After the solution was concentrated in vacuo,
11a was confirmed by 'H NMR. Then, the residue was dissolved in AcOH and repassed through the
the H-cube® (Pd/C, 0.5 mL/min, 20 atm). After confirmed that 11a was completely consumed by 'H
NMR, the resulting residue was purified by column chromatography (SiO2, Hexane/EtOAc = 5:1) to
afford pyrazole 11’ (90.0 mg, 0.450 mmol, 52%).
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Scheme S2. Synthesis of N-pyrrolidinylalkynylhydrazide from phenylpropiolic acid.

[Scheme S2]. To a solution of a propiolic acid 63a (400 mg, 2.74 mmol) in THF (¢ = 0.35 M) were
added l-aminopyrrolidine (400 mg, 2.74 mmol), EtsN (1.6 mL, 11.5 mmol), and finally DMT-MM
(907 mg, 3.28 mmol) at rt. Then, the mixture was stirred for 2 h. After stirring, the mixture was
quenched with water and extracted with CHCls three times. The combined organic layers were dried
over MgSQs, filtered and concentrated at rt. The residue was purified by flash silica gel column
chromatography (SiO,, Hexane/EtOAc = 1:1) to afford a propiolamide 26aa (240 mg, 1.12 mmol,
41%).

3-Phenyl-N-(pyrrolidin-1-yl)propiolamide (26aa). IR (neat): 3444, 2216, 1645 cm'; "TH NMR
(300 MHz, CDCl3): 6 7.75 and 7.41-7.29 (br s, 1H), 7.56-7.49 (m, 2H), 7.41-7.29 (m, 3H), 2.98-2.90
(m, 4H), 1.89-1.82 (m, 4H); *C NMR (75 MHz, CDCly): § 157.4, 152.0, 132.5, 132.3, 129.9, 129.8,
128.3, 128.2, 120.7, 120.0, 90.9, 85.5, 81.9, 81.6, 55.8, 55.1, 22.1, 22.0; HRMS (ESI): m/z [M + H]"
calcd for Ci3HsN,O: 215.1179, found: 215.1173.

[Table 7, entry 1]. To a solution of the alkynylhydrazide 26aa (50 mg, 0.23 mmol) in DCE (5.0 mL)
were added CuBr; (5.18 mg, 0.023 mmol). The mixture was stirred under reflux for 0.5 h. The reaction
mixture was cooled to rt and quenched by sat. ag. NaHCOs. The mixture was extracted with CHCl;
three times. The combined organic layers were dried over MgSO., filtered and concentrated. The
residue was purified by preparative TLC (EtOAc/MeOH = 20:1) to afford pyrazolopyridazine 27aa
(10.3 mg, 21%).

3-Phenyl-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]pyridazin-1-one (27aa). Colorless oil. IR (neat):
1651 cm™; '"H NMR (300 MHz, CDCl3): & 7.45-7.38 (m, 5H), 5.67 (s, 1H), 3.84 (t, /= 6.0 Hz, 2H),
3.28 (t,J=6.0 Hz, 2H), 1.99-1.81 (m, 4H); 3C NMR (75 MHz, CDCls): § 164.5,157.4,129.7, 128.6,
128.5,127.8,99.6,50.0,40.5,23.4,23.1; HRMS (ESI): m/z [M +H]" caled for C13HsN>O: 215.1179,
found: 215.1173.

[Table 7, entry 2]. To a solution of the alkynylhydrazide 26aa (30 mg, 0.14 mmol) in DCE (5.0 mL)
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was added CuBr (2.0 mg, 0.014 mmol). The mixture was stirred under reflux for 0.5 h. The reaction
mixture was cooled to rt and quenched by sat. ag. NaHCOs. The mixture was extracted with CHCl;
three times. The combined organic layers were dried over MgSO., filtered and concentrated. The
residue was purified by preparative TLC (EtOAc/MeOH = 30:1) to afford pyrazolopyridazine 27aa
(1.5 mg, 5%).

[Table 7, entry 5]. To a solution of the alkynylhydrazide 26aa (35 mg, 0.16 mmol) in MeCN (2.5
mL) was added CuBr; (3.65 mg, 0.023 mmol). The mixture was stirred under reflux for 0.5 h. The
reaction mixture was cooled to rt and quenched by sat. ag. NaHCOs. The mixture was extracted with
CHCI; three times. The combined organic layers were dried over MgSO,, filtered and concentrated.
The residue was purified by preparative TLC (EtOAc/MeOH = 20:1) to afford pyrazolopyridazine
27aa (7.0 mg, 20%).

[Table 7, entry 6]. To a solution of the alkynylhydrazide 26aa (59.0 mg, 0.28 mmol) in EtOH (5 mL)
was added CuBr; (6.25 mg, 0.028 mmol). The mixture was stirred under reflux for 0.5 h. The reaction
mixture was cooled to rt and quenched by sat. ag. NaHCOs. The mixture was extracted with CHCl;
three times. The combined organic layers were dried over MgSQ, filtered and concentrated. The
residue was purified by preparative TLC (EtOAc/MeOH = 20:1) to afford pyrazolopyridazine 27aa
(14.3 mg, 25%).

[Table 7, entry 7]. To a solution of the alkynylhydrazide 26aa (50.0 mg, 0.23 mmol) in PhCI (5.0
mL) was added CuBr; (5.18 mg, 0.023 mmol). The mixture was stirred under reflux for 0.5 h. The
reaction mixture was cooled to rt and quenched by sat. ag. NaHCOs. The mixture was extracted with
CHCI; three times. The combined organic layers were dried over MgSO,, filtered and concentrated.
The residue was purified by preparative TLC (EtOAc/MeOH = 20:1) to afford pyrazolopyridazine
27aa (20.6 mg, 42%).

[Table 7, entry 8]. To a solution of the alkynylhydrazide 26aa (34.8 mg, 0.16 mmol) in PhCl (10
mL) was added AuBr; (14 mg, 0.023 mmol). The mixture was stirred under reflux for 0.5 h. The
reaction mixture was cooled to rt and quenched by sat. ag. NaHCO3. The mixture was extracted with
CHCl; three times. The combined organic layers were dried over MgSOs, filtered and concentrated.
The residue was purified by preparative TLC (EtOAc/MeOH = 20:1) to afford pyrazolopyridazine
27aa (9.0 mg, 23%).

[Table 7, entry 9]. To a solution of the alkynylhydrazide 26aa (75.0 mg, 0.35 mmol) in PhCI (5.0
mL) was added PicAuCl; (13.6 mg, 0.035 mmol). The mixture was stirred under reflux for 0.5 h. The
reaction mixture was cooled to rt and quenched by sat. ag. NaHCO3. The mixture was extracted with
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CHCl; three times. The combined organic layers were dried over MgSO,, filtered and concentrated.
The residue was purified by preparative TLC (EtOAc/MeOH = 20:1) to afford pyrazolopyridazine
27aa (5.3 mg, 7%).

[Table 7, entry 10]. To a solution of the alkynylhydrazide 26aa (50.0 mg, 0.23 mmol) in PhCI (5.0
mL) was added (PPhs)AuClI (11.4 mg, 0.023 mmol). The mixture was stirred under reflux for 0.5 h.
The reaction mixture was cooled to rt and quenched by sat. ag. NaHCOs. The mixture was extracted
with CHCI; three times. The combined organic layers were dried over MgSQ,, filtered and
concentrated. The residue was purified by preparative TLC (EtOAc/MeOH = 20:1) to afford
pyrazolopyridazine 27aa (17.1 mg, 35%).

[Table 8, entry 1]. To a solution of the alkynylhydrazide 26aa (50.0 mg, 0.23 mmol) in PhCI (5.0
mL) were added L1 (2.7 mg, 0.017 mmol) and CuBr; (3.8 mg, 0.017 mmol). The mixture was stirred
under reflux for 0.5 h. The reaction mixture was cooled to rt and quenched by sat. ag. NaHCOs. The
mixture was extracted with CHCI; three times. The combined organic layers were dried over MgSQOa,
filtered and concentrated. The residue was purified by preparative TLC (EtOAc/MeOH = 20:1) to
afford pyrazolopyridazine 27aa (10.0 mg, 28%).

[Table 8, entry 2]. To a solution of the alkynylhydrazide 26aa (25.0 mg, 0.12 mmol) in PhCI (5.0
mL) were added L2 (2.2 mg, 0.012 mmol) and CuBr; (2.7 mg, 0.012 mmol). The mixture was stirred
under reflux for 0.5 h. The reaction mixture was cooled to rt and quenched by sat. ag. NaHCOs. The
mixture was extracted with CHCI; three times. The combined organic layers were dried over MgSQO.,
filtered and concentrated. The residue was purified by preparative TLC (EtOAc/MeOH = 20:1) to
afford pyrazolopyridazine 27aa (17.4 mg, 68%).

[Table 8, entry 3]. To a solution of the alkynylhydrazide 26aa (62.5 mg, 0.29 mmol) in PhCI (7.3
mL) were added L3 (6.1 mg, 0.029 mmol) and CuBr; (6.5 mg, 0.029 mmol). The mixture was stirred
under reflux for 0.5 h. The reaction mixture was cooled to rt and quenched by sat. ag. NaHCOs. The
mixture was extracted with CHCI; three times. The combined organic layers were dried over MgSQOsa,
filtered and concentrated. The residue was purified by preparative TLC (EtOAc/MeOH = 20:1) to
afford pyrazolopyridazine 27aa (40.1 mg, 64%).

[Table 8, entry 4]. To a solution of the alkynylhydrazide 26aa (41.1 mg, 0.18 mmol) in PhCI (4.5
mL) were added L5 (4.2 mg, 0.018 mmol) and CuBr; (6.5 mg, 0.018 mmol). The mixture was stirred
under reflux for 0.5 h. The reaction mixture was cooled to rt and quenched by sat. ag. NaHCOs. The
mixture was extracted with CHCI; three times. The combined organic layers were dried over MgSQOsa,
filtered and concentrated. The residue was purified by preparative TLC (EtOAc/MeOH = 20:1) to
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afford pyrazolopyridazine 27aa (28.8 mg, 70%).

[Table 8, entry 5]. To a solution of the alkynylhydrazide 26aa (33.3 mg, 0.16 mmol) in PhCI (4.5
mL) were added L5 (5.6 mg, 0.016 mmol) and CuBr; (3.5 mg, 0.016 mmol). The mixture was stirred
under reflux for 0.5 h. The reaction mixture was cooled to rt and quenched by sat. ag. NaHCOs. The
mixture was extracted with CHCIs three times. The combined organic layers were dried over MgSQOsa,
filtered and concentrated. The residue was purified by preparative TLC (EtOAc/MeOH = 20:1) to
afford pyrazolopyridazine 27aa (31.1 mg, 93%).

[Table 8, entry 6]. To a solution of the alkynylhydrazide 26aa (31.1 mg, 0.14 mmol) in PhCI (5.0
mL) were added L5 (5.0 mg, 0.014 mmol) and CuBr; (3.1 mg, 0.014 mmol). The mixture was stirred
at 100 °C for 0.5 h. The reaction mixture was cooled to rt and quenched by sat. ag. NaHCOs. The
mixture was extracted with CHCI; three times. The combined organic layers were dried over MgSQOa,
filtered and concentrated. The residue was purified by preparative TLC (EtOAc/MeOH = 20:1) to
afford pyrazolopyridazine 27aa (22.0 mg, 71%).

[Table 8, entry 7]. To a solution of the alkynylhydrazide 26aa (46.2 mg, 0.22 mmol) in PhCI (5.4
mL) were added L5 (3.9 mg, 0.011 mmol) and CuBr; (2.4 mg, 0.011 mmol). The mixture was stirred
under reflux for 0.5 h. The reaction mixture was cooled to rt and quenched by sat. ag. NaHCOs. The
mixture was extracted with CHCI; three times. The combined organic layers were dried over MgSQO,,
filtered and concentrated. The residue was purified by preparative TLC (EtOAc/MeOH = 20:1) to
afford pyrazolopyridazine 27aa (35.0 mg, 76%).
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Table S3. Preparation of alkynylhydrazides 26ab-26at.
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a) The reaction was carried out for 24 h.

General procedure H: preparation of alkynylhydrazides 26ab-26at [Table S3]. To a solution of a
propiolic acid 63b-63t (1.0 equiv.) in THF (¢ =0.35 M) were added 1-aminopyrrolidine hydrochrolide
64a (1.2 equiv.), EtsN (4.2 equiv.), and finally DMT-MM (1.2 equiv.) at rt. Then, the mixture was

stirred for 2 h. After stirring, the mixture was quenched with water and extracted with CHCl3 three

times. The combined organic layers were dried over MgSQOs, filtered and concentrated at a

temperature below 20 °C. The residue was purified by flash silica gel column chromatography

(Hexane/EtOAc) to afford propiolamides 26ab-26at.
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N-(Pyrrolidin-1-yl)-3-(p-tolyl)propiolamide (26ab). Prepared according to general procedure H
from propiolic acid 63b (300 mg, 1.87 mmol). Purified by chromatography (SiO., Hexane/EtOAc =
1:1). 26ab was obtained as a pale orange oil (131 mg, 0.574 mmol, 31%); IR (neat): 3440, 2214,
1652 cm™'; 'TH NMR (300 MHz, CDCl;): § 7.69 and 7.46-7.39 (br s, 1H), 7.46-7.39 (m, 2H), 7.17-
7.11 (m, 2H), 3.00-2.90 (m, 4H), 2.37 and 2.34 (s, 3H), 1.89-1.84 (m, 4H); 3C NMR (75 MHz,
CDCL): 6 157.5,152.2,140.4, 140.3, 132.5, 132.2, 129.1, 129.0, 117.6, 116.9, 91.3, 85.9, 81.5, 81.2,
55.8,55.1,22.1,22.0,21.5, 21.4; HRMS (ESI): m/z [M + H]" calcd for C14H;7N20: 229.1335, found:
229.1335.

(3-(4-Methoxyphenyl)-N-(pyrrolidin-1-yl)propiolamide (26ac). Prepared according to general
procedure H from propiolic acid 63¢ (400 mg, 2.27 mmol). Purified by chromatography (SiO»,
Hexane/EtOAc = 1:1). 26ac was obtained as a white crystal (322.3 mg, 1.32 mmol, 58%). m.p.: 100-
102 °C; IR (neat): 3435, 2210, 1639 cm™'; '"H NMR (300 MHz, CDCl3): § 7.71 and 7.55 (br s, 1H),
7.42-7.34 (m, 2H), 6.79-6.72 (m, 2H), 3.73 and 3.70 (s, 3H), 2.89-2.82 (m, 4H), 1.79-1.76 (m, 4H);
BC NMR (75 MHz, CDCl3): § 160.7, 160.6, 157.5, 152.3, 134.3, 133.9, 113.9, 113.8, 112.4, 111.7,
91.5, 85.9, 81.2, 80.8, 55.7, 55.09, 55.06, 55.0, 22.0, 21.9; HRMS (ESI): m/z [M + H]" calcd for
Ci14H17N202: 245.1285, found: 245.1282.

3-([1,1°-Biphenyl]-4-yl)-N-(pyrrolidin-1-yl)propiolamide (26ad). Prepared according to general
procedure H from propiolic acid 63d (445 mg, 2.00 mmol). Purified by chromatography (SiO»,
Hexane/EtOAc = 1:1). 26ad was obtained as a pale yellow crystal (80.7 mg, 0.278 mmol, 14%). m.p.:
152-153 °C; IR (neat): 2836, 2213, 1644 cm™'; "TH NMR (300 MHz, CDCl3): § 7.66-7.35 (m, 9H),
6.69 (br s, 1H), 3.00-2.92 (m, 4H), 1.93-1.87 (m, 4H); *C NMR (75 MHz, CDCl3): § 157.3, 152.1,
142.7, 142.6, 139.8, 139.7, 133.1, 132.9, 128.8(2), 127.92, 127.87, 127.04, 126.96(2), 126.93, 119.6,
118.8, 90.9, 85.6, 82.5, 82.2, 56.0, 55.3, 22.15, 22.08; HRMS (ESI): m/z [M + H]" caled for
CioH19N20: 291.1492, found: 291.1490.

3-(4-Fluorophenyl)-N-(pyrrolidin-1-yl)propiolamide (26ae). Prepared according to general
procedure H from propiolic acid 63e (400 mg, 2.43 mmol). Purified by chromatography (SiOs,
Hexane/EtOAc = 1:1). 26ae was obtained as a white crystal (298 mg, 1.28 mmol, 53%). m.p.: 103-
105 °C; IR (neat): 3453, 2218, 1645 cm™'; '"H NMR (300 MHz, CDCl3): 8 7.92 and 7.58-7.47 (brs,
1H), 7.58-7.47 (m, 2H), 7.10-6.98 (m, 2H), 2.99-2.92 (m, 4H), 1.88-1.84 (m, 4H); *C NMR (75
MHz, CDCL): 6 164.9, 161.6, 157.3,151.9, 134.6 (d, /= 8.7 Hz), 134.4 (d, J = 8.7 Hz), 116.8 (d, J
=3.4 Hz), 116.1 (d,J=3.4 Hz), 1159 (d, J=5.7 Hz), 115.6 (d, /= 5.8 Hz) , 89.8, 84.4, 81.8, 81.4,
55.8, 55.1, 22.04, 21.97, HRMS (ESI): m/z [M + H]" caled for Ci3HisN>OF: 233.1085, found:
233.1084.
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3-(4-Bromophenyl)-N-(pyrrolidin-1-yl)propiolamide (26af). Prepared according to general
procedure H from propiolic acid 63f (400 mg, 1.95 mmol). Purified by chromatography (SiO»,
Hexane/EtOAc = 1:1). 26af was obtained as a white crystal (216 mg, 0.735 mmol, 38%); m.p.: 126-
127 °C; IR (neat): 2222, 1625, 694 cm™'; "H NMR (300 MHz, CDCl3): & 7.49-7.33 (m, 4H), 7.49-
7.33 and 6.96 (br's, 1H), 2.98-2.89 (m, 4H), 1.90-1.84 (m, 4H); '*C NMR (75 MHz, CDCl;): 5 156.8,
151.4,133.7,133.5, 131.6, 131.5, 124.5, 124.3, 119.6, 118.8, 89.6, 84.4, 82.8, 82.6, 56.2, 55.4, 22 .4,
22.3; HRMS (ESI): m/z [M + H]" calcd for C;3H14N,OBr: 293.0284, found: 293.0280.

Methyl 4-(3-oxo0-3-(pyrrolidin-1-ylamino)prop-1-yn-1-yl)benzoate (26ag). Prepared according to
general procedure H from propiolic acid 63g (400 mg, 1.96 mmol). Purified by chromatography
(Si0,, Hexane/EtOAc = 1:1). 26ag was obtained as a white crystal (220 mg, 0.808 mmol, 41%). m.p.:
141 °C; IR (neat): 3417, 2221, 1716, 1645 cm™'; '"H NMR (300 MHz, CDCl3): 5 8.16 (br s, 1H),
8.04-7.93 (m, 2H), 7.62-7.51 (m, 2H), 3.93 and 3.91 (s, 3H), 3.02-2.97 (m, 4H), 1.95-1.80 (m, 4H);
BCNMR (75 MHz, CDCl3): 8 165.8,165.7,156.8, 151.4, 132.0, 131.9, 130.6, 130.5, 129.1(2), 125.1,
124.4,89.2, 84.1, 83.84, 83.75, 55.6, 54.7, 52.0(2), 21.9, 21.8. HRMS (ESI): m/z [M + H]" calcd for
Ci5H17N203: 273.1234, found: 273.1236.

3-(4-Cyanophenyl)-N-(pyrrolidin-1-yl)propiolamide (26ah). Prepared according to general
procedure H from propiolic acid 63h (400 mg, 0.209 mmol). Purified by chromatography (SiO»,
Hexane/EtOAc = 1:1); 26ah was obtained as a brown crystal (95.8 mg, 18%). m.p.: 155 °C; IR
(neat): 2220, 1626, 1523 cm™'; "H NMR (300 MHz, CDCl3): 5 8.26-8.21 (m, 2H), 7.74-7.67 (m, 2H),
7.13 and 6.80 (br's, 1H), 2.99-2.92 (m, 4H), 1.92-1.86 (m, 4H); *C NMR (75 MHz, CDCl): 5 156.1,
150.7, 147.9, 147.7, 133.1, 133.0, 127.5, 126.5, 123.5, 123.4, 87.8, 85.6, 82.7(2), 56.4, 55.5, 22.42,
22.37; HRMS (ESI): m/z [M + H]" caled for C3H14N303: 260.1023, found: 260.1027.

3-(4-Nitrophenyl)-N-(pyrrolidin-1-yl)propiolamide (26ai). Prepared according to general
procedure H from propiolic acid 63i (400 mg, 0.209 mmol). Purified by chromatography (SiO»,
Hexane/EtOAc = 1:1). 26ai was obtained as a brown crystal (95.8 mg, 18%); m.p.: 155 °C; IR (neat):
2220, 1626, 1523 cm™'; '"H NMR (300 MHz, CDCl3): § 8.26-8.21 (m, 2H), 7.74-7.67 (m, 2H), 7.13
and 6.80 (br s, 1H), 2.99-2.92 (m, 4H), 1.92-1.86 (m, 4H); *C NMR (75 MHz, CDCl;): § 156.1,
150.7, 147.9, 147.7, 133.1, 133.0, 127.5, 126.5, 123.5, 123.4, 87.8, 85.6, 82.7(2), 56.4, 55.5, 22.42,
22.37; HRMS (ESI): m/z [M + H]" calcd for Ci3H14N303: 260.1023, found: 260.1027.

N-(Pyrrolidin-1-yl)-3-(4-(trifluoromethyl)phenyl)propiolamide (26aj). Prepared according to
general procedure H from propiolic acid 63j (400 mg, 1.87 mmol). Purified by chromatography
(Si0,, Hexane/EtOAc = 1:1); 26aj was obtained as a pale orange crystal (218 mg, 0.772 mmol, 41%)).
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m.p.: 99-101 °C; IR (neat): 2222, 1652, 1320 cm™'; "H NMR (300 MHz, CDCL;): § 7.76-7.67 (m,
2H), 7.58-7.48 (m, 2H) 7.08 and 7.76-7.67 (br s, 1H), 3.00-2.93 (m, 4H), 1.90-1.83 (m, 4H); 13C
NMR (75 MHz, CDCl): 6 157.1, 151.4, 135.1, 134.9, 132.1 (dd, J = 20.9, 7.9 Hz), 131.6, 1314,
129.8,129.5, 125.8 (q, J = 5.1 Hz), 122.1 (q, J = 137.6 Hz), 119.0 (q, J = 2.2 H), 86.5(2), 85.4, 80.7,
55.8, 55.2, 22.1, 22.0; HRMS (ESI): m/z [M + H]" caled for C14H14N>OF5: 283.1053, found:
283.1051.

3-(4-(Methoxymethoxy)phenyl)-N-(pyrrolidin-1-yl)propiolamide (26ak). Prepared according to
general procedure H from propiolic acid 63k (536 mg, 2.60 mmol). Purified by chromatography
(Si0,, Hexane/EtOAc = 1:1). 26ak was obtained as a colorless oil (278 mg, 1.01 mmol, 36%); IR
(neat): 2830, 2213, 1645 cm™; "TH NMR (300 MHz, CDCl;): & 7.48-7.40 (m, 2H), 7.48-7.40 and
7.07 (br s, 1H), 6.97-6.93 (m, 2H), 5.16 and 5.14 (s, 2H), 3.43 and 3.42 (s, 3H), 2.93-2.86 (m, 4H),
1.86-1.79 (m, 4H); C NMR (75 MHz, CDCl): 6 158.5, 158.4, 157.5, 152.2, 134.3, 134.0, 116.1,
116.0, 113.8, 113.0, 94.0(2), 91.2, 85.8, 81.3, 81.0, 56.1, 56.0, 55.9, 55.3, 22.1, 22.0; HRMS (ESI):
m/z [M + H]" calcd for C1sH9N2Os: 275.1390, found: 275.1383.

N-(Pyrrolidin-1-yl)-3-(o-tolyl)propiolamide (26al). Prepared according to general procedure H
from propiolic acid 631 (400 mg, 2.50 mmol). Purified by chromatography (SiO,, Hexane/EtOAc =
1:1). 26al was obtained as a white crystal (276 mg, 1.21 mmol, 48%). m.p.: 99 °C; IR (neat): 3448,
2212, 1646 cm™; "TH NMR (300 MHz, CDCl3):  7.91 and 7.33-7.11 (br s,1H), 7.54 and 7.47 (d, J =
7.8 Hz, 1H), 7.33-7.11 (m, 3H), 3.02-2.92 (m, 4H), 2.50 and 2.45 (s, 3H), 1.90-1.82 (m, 4H); *C
NMR (75 MHz, CDCl3): 6 157.7, 152.1, 141.8, 141.3, 133.0, 132.8, 129.93, 129.87, 129.5, 129.4,
125.5(2), 120.5, 119.8, 89.5, 85.6, 85.4, 84.4, 55.7, 55.1, 22.1, 22.0, 20.5, 20.1. HRMS (ESI): m/z
[M + H]" caled for Ci14H17N20: 229.1335, found: 229.1332.

N-(Pyrrolidin-1-yl)-3-(m-tolyl)propiolamide (26am). Prepared according to general procedure H
from propiolic acid 63m (400 mg, 2.50 mmol). Purified by chromatography (SiO,, Hexane/EtOAc =
1:1). 26am was obtained as a white crystal (162 mg, 0.711 mmol, 28%). m.p.: 99 °C; IR (neat):
2838, 2217, 1639 cm™; "TH NMR (300 MHz, CDCl;): & 7.67 and 7.37-7.20 (br s, 1H), 7.37-7.20 (m,
4H), 2.98-2.90 (m, 4H), 2.34 and 2.31 (s, 3H), 1.90-1.83 (m, 4H); *C NMR (75 MHz, CDCl3): §
157.4,152.0, 138.1, 138.0, 133.0, 132.8, 130.8, 130.7, 129.6, 129.4, 128.2, 128.1, 120.5, 119.8, 91.2,
85.7, 81.6, 81.3, 55.9, 55.2, 22.1, 22.0, 21.01, 20.99; HRMS (ESI): m/z [M + H]" calcd for
CisH17N20: 229.1335, found: 229.1332.

3-(3,5-Dimethylphenyl)-N-(pyrrolidin-1-yl)propiolamide (26an). Prepared according to general
procedure H from propiolic acid 63n (400 mg, 2.30 mmol). Purified by chromatography (SiO»,
Hexane/EtOAc =1:1). 26an was obtained as a pale yellow oil (143 mg, 0.590 mmol, 26%); IR (neat):
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3478, 2216, 1635 cm™'; 'H NMR (300 MHz, CDCly): § 7.85 and 7.61 (br s, 1H), 7.17-7.12 (m, 2H),
7.03-7.00 (m, 2H), 3.00 and 2.90 (m, 4H), 2.29 and 2.25 (s, 6H), 1.88-1.83 (m, 4H); *C NMR (75
MHz, CDCly): § 157.4, 152.1, 137.81, 137.76, 131.71, 131.65, 130.0, 129.9, 120.2, 119.6, 91.4, 85.9,
81.3, 80.9, 55.7, 55.0, 22.0, 21.9, 20.80, 20.77; HRMS (ESI): m/z [M + H]" caled for CisH1oN2O:
243.1492, found: 243.1485.

3-(Naphthalen-1-yl)-N-(pyrrolidin-1-yl)propiolamide (26a0). Prepared according to general
procedure H from propiolic acid 630 (400 mg, 2.01 mmol). Purified by chromatography (SiO»,
Hexane/EtOAc =1:1). 26a0 was obtained as a pale yellow crystal (250 mg, 0.946 mmol, 47%). m.p.:
105-108 °C; IR (neat): 2975, 2235, 1645 cm™; "TH NMR (300 MHz, CDCl;): 8.55 and 8.323 (d, /=
7.8 Hz, 1H), 8.00-7.36 (m, 7H), 4.02 (br s, 4H), 1.94-1.89 (m, 4H); *C NMR (75 MHz, CDCl;): §
157.7, 152.1, 134.0, 133.2, 132.9, 132.8, 132.4, 132.1, 130.7, 130.5, 128.2(2), 127.2, 126.9, 126.6,
126.5, 125.9, 125.7, 125.1, 124.9, 118.3, 117.6, 88.7, 86.5, 83.7(2), 55.8, 55.2, 22.1, 22.1; HRMS
(ESI): m/z [M + H]" caled for C17H17N0: 265.1335, found: 265.1330.

3-(Benzo[d][1,3]dioxol-5-yI)-N-(pyrrolidin-1-yl)propiolamide (26ap). Prepared according to
general procedure H from propiolic acid 63p (300 mg, 1.58 mmol). Purified by chromatography
(Si0,, Hexane/EtOAc = 1:1). 26ap was obtained as a brown oil (111 mg, 0.431 mmol, 28%); IR
(neat): 2841, 2213, 1645 cm™'; "TH NMR (300 MHz, CDCl3): § 7.43 and 7.20 (br s, 1H), 7.13-6.75
(m, 3H), 6.01 and 5.99 (s, 2H), 3.00-2.90 (m, 4H), 1.90-1.84 (m, 4H); *C NMR (75 MHz, CDCl;):
0 157.4,152.2,149.30, 149.27, 147.4,147.3,128.1, 127.8, 113.8, 113.0, 112.3, 111.9, 108.52, 108.46,
101.51, 101.48, 91.2, 85.8, 80.7, 80.4, 55.9, 55.3, 22.1, 22.0; HRMS (ESI): m/z [M + H]" calcd for
Ci4H15N>03: 259.1077, found: 259.1074.

N-(Pyrrolidin-1-yl)hept-2-ynamide (26aq). Prepared according to general procedure H from
propiolic acid 63q (400 mg, 3.17 mmol). Purified by chromatography (SiO., Hexane/EtOAc = 1:1).
26aq was obtained as a colorless oil (194 mg, 0.999 mmol, 31%); IR (neat): 3470, 2237, 1648 cm™';
"H NMR (300 MHz, CDCls): § 7.88 and 7.24 (br s, 1H), 2.95-2.86 (m, 4H), 2.38 and 2.29 (t, J= 6.9
Hz, 2H), 1.88-1.80 (m, 4H), 1.60-1.38 (m, 4H) 0.93 and 0.91 (t, /= 7.2 Hz, 3H); *C NMR (75 MHz,
CDCl): 6 157.3,152.0,93.8, 88.0, 74.1, 73.7, 55.6, 54.8, 29.45, 29.40, 21.8(2), 21.6, 21.4, 18.5, 18.0,
13.2(2). HRMS (ESI): m/z [M + H]" calcd for CiiHi9N>O: 195.1492, found: 195.1491.

3-Cyclohexyl-N-(pyrrolidin-1-yl)propiolamide (26ar). Prepared according to general procedure
H from propiolic acid 63r (400 mg, 2.63 mmol). Purified by chromatography (SiO,, Hexane/EtOAc
= 1:1). 26ar was obtained as a colorless oil (259 mg, 1.18 mmol, 45%); IR (neat): 3421, 2230, 1639
cm’™; 'TH NMR (300 MHz, CDCl): § 6.84 and 6.57 (brs, 1H), 2.94-2.84 (m, 4H), 2.64-2.42 (m, 1H),
1.89-1.26 (m, 14H); 3C NMR (75 MHz, CDCL): § 157.5, 152.2,97.2,91.7, 74.1, 73.9, 55.7, 55.1,
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31.5,31.4, 28.8, 28.7, 25.7, 25.4, 24.5, 24.1, 22.0, 21.97; HRMS (ESI): m/z [M + H]" calcd for
Ci3H2iN20: 221.1648, found: 221.1647.

4,4-Dimethyl-N-(pyrrolidin-1-yl)pent-2-ynamide (26as). Prepared according to general
procedure H from propiolic acid 63s (400 mg, 3.17 mmol). Purified by chromatography (SiO»,
Hexane/EtOAc = 1:1). 26as was obtained as a colorless crystal (308 mg, 1.59 mmol, 50%). m.p.: 94

°C; IR (neat): 3470, 2225, 1639 cm’'; "TH NMR (300 MHz, CDCl;): § 7.48 and 7.20 (br s, 1H),
2.95-2.84 (m, 4H), 1.88-1.80 (m, 4H), 1.29 and 1.26 (s, 9H); 3C NMR (75 MHz, CDCl;): § 157.5,
152.2,101.0,95.3,72.8,72.2, 55.5, 55.2, 30.0(2), 27.6, 27.3, 22.1, 22.0; HRMS (ESI): m/z [M + H]"
calcd for C;1H9N>O: 195.1492, found: 195.1492.

4-Methyl-N-(pyrrolidin-1-yl)pent-4-en-2-ynamide (26at). Prepared according to general
procedure H from propiolic acid 63t (300 mg, 2.73 mmol). Purified by chromatography (SiO»,
Hexane/EtOAc = 1:1). 26at was obtained as a pale yellow oil (49.2 mg, 0.276 mmol, 10%); IR (neat):
3470, 2213, 1638 cm™'; '"H NMR (300 MHz, CDCl;s): & 7.39 and 6.95 (br s, 1H), 5.52 (br s, 1H),
5.45-5.44 (m, 1H), 2.97-2.87 (m, 4H), 1.95 and 1.91 (s, 3H), 1.90-1.82 (m, 4H); '*C NMR (75 MHz,
CDCl): 6 157.3,151.9,126.3, 125.9,125.1, 124.5, 92.0, 86.5, 80.8, 80.5, 55.9, 55.2,22.5,22.4,22.1,
22.0; HRMS (ESI): m/z [M + H]" caled for CioHisN2O: 179.1179, found: 179.1177.

Table S4. Preparation of alkynylhydrazides 26ba-26ea.
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General procedure I: preparation of alkynylhydrazides 26ba-26ea [Table S4]. To a solution of
phenyl propiolic acid 63a (1.0 equiv.) in THF (¢ = 0.35 M) were added hydrazine hydrochloride 64b-
64i (1.2 equiv.), TEA (4.2 equiv.) and finally DMT-MM (1.2 equiv.) at rt. Then, the mixture was
stirred for 2 h. After stirring, the mixture was quenched by water and extracted with CHCI; three

times. The combined organic layers were dried over MgSOQy, filtered and concentrated. The residue
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was purified by silica gel column chromatography (SiO., Hexane/EtOAc) to afford propiol amide
26ba-26ea.

N-(Hexahydrocyclopenta[c]pyrrol-2(1H)-yl)-3-phenylpropiolamide (26ba). Prepared according
to general procedure I from phenyl propiolic acid (300 mg, 2.05 mmol) and hydrazine hydrochloride
64b (400 mg, 2.46 mmol). Purified by chromatography (SiO,, Hexane/EtOAc = 2:1). 26ba was
obtained as a white crystal (259 mg, 1.02 mmol, 50%). m.p.: 143-144 °C; IR (neat): 3470, 2216,
1648 cm™'; "TH NMR (300 MHz, CDCls): § 7.57-7.31 (m, 5H) 7.57-7.31 and 6.77 (br s, 1H), 3.30 (dd,
J=1.8, 7.8 Hz, 1H), 2.88-2.78 (m, 2H), 2.67-2.57 (br, 2H), 2.41 (dd, J = 6.3, 6.3 Hz, 1H), 1.82-
1.48 (m, 6H); *C NMR (75 MHz, CDCl5): § 157.3, 151.7, 132.6, 132.4, 130.0, 129.9, 128.4, 128 4,
120.9, 120.1, 90.4, 85.4, 82.0, 81.8, 63.3, 62.5, 40.4, 40.4, 34.0, 32.0, 26.6, 25.4; HRMS (ESI): m/z
[M + H]* caled for Ci6H19N,O: 255.1491, found: 255.1492.

N-(Indolin-1-yl)-3-phenylpropiolamide (26ca). Prepared according to general procedure I from
phenyl propiolic acid (400 mg, 2.73 mmol) and hydrazine hydrochloride 64¢ (416 mg, 3.28 mmol).
Purified by chromatography (SiO,, Hexane/EtOAc = 1:1). 26ca was obtained as a white crystal (308
mg, 1.17 mmol, 43%). m.p.: 137 °C; IR (neat): 2214, 1646 cm™'; "H NMR (300 MHz, CDCl;): &
7.57-7.28 (m, 5H), 7.18-7.09 (m, 2H), 6.94-6.73 (m, 2H), 3.61 (dd, J = 8.1, 8.1 Hz, 2H), 3.03 (dd, J
=8.1, 8.1 Hz, 2H); *C NMR (75 MHz, CDCl3): § 158.4, 152.8, 150.4, 150.1, 132.4, 132.3, 130.02,
129.97, 128.3, 128.1, 127.7(2), 127.3, 127.1, 124.7, 124.6, 121.5, 121.1, 120.0, 119.6, 109.9, 109.7,
91.0, 86.6, 81.4,80.9, 57.3, 56.0,27.5(2); HRMS (ESI): m/z [M + H]" calcd for Ci7HisN,O: 263.1179,
found: 263.1180.

N-(2,5-Dihydro-1H-pyrrol-1-yl)-3-phenylpropiolamide (26da). Prepared according to general
procedure I from phenyl propiolic acid (400 mg, 2.73 mmol) and hydrazine hydrochloride 64d (276
mg, 3.28 mmol). Purified by chromatography (SiO., Hexane/EtOAc = 1:1). 26da was obtained as a
white crystal (258 mg, 1.22 mmol, 44%). m.p.: 98-99 °C; IR (neat): 2216, 1652 cm™'; '"H NMR (300
MHz, CDCl3): 6 7.83 and 7.62 (br s, 1H), 7.58-7.50 (m, 2H), 7.43-7.31 (m, 3H), 5.79 (br s, 2H), 3.93
and 3.85 (br s, 4H); *C NMR (75 MHz, CDCls): § 158.0, 152.5, 132.6, 132.4, 130.0, 129.9, 128.4,
128.3, 126.3, 126.3, 120.6, 119.9, 91.2, 85.6, 81.9, 81.5, 62.4, 61.1; HRMS (ESI): m/z [M + H]"
calcd for Ci3H13N20: 213.1022, found: 213.1021.

tert-Butyl (1-(3-phenylpropiolamido)pyrrolidin-3-yl)carbamate (26ea). Prepared according to
general procedure I from phenyl propiolic acid (400 mg, 2.73 mmol) and hydrazine hydrochloride
64d (516 mg, 3.28 mmol). Purified by chromatography (SiO,, Hexane/EtOAc = 1:1). 26ea was
obtained as a colorless oil (191 mg, 0.729 mmol, 27%). m.p.: 152 °C; IR (neat): 3431, 2217, 1691
cm’'; TH NMR (300 MHz, CDCls): § 7.87 and 7.58-7.31 (br s, 1H), 7.58-7.31 (m, 5H), 5.56 and 5.09
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(d, J= 8.1 Hz, 1H), 4.22 (br s, 1H), 3.32-2.81 (m, 4H), 2.31-2.18 (m, 1H), 1.78 (br s, 1H), 1.44 (s,
9H); *C NMR (75 MHz, CDCl): § 157.75, 155.68, 155.5, 152.7, 133.0, 132.7, 130.45, 130.37,
128.8, 128.7, 120.8, 120.1,91.4, 86.2, 82.0, 81.8, 79.7, 62.3, 60.9, 54.2, 53.3, 49.3, 48.9, 31.7, 31 .4,
28.6; HRMS (ESI): m/z [M + H]" calcd for CisH24N303: 330.1812, found: 330.1815.

General procedure J: synthesis of pyrazolopyridazines 27ab-27at, 27ba-27ea [Table 9]. To a
solution of the alkynylhydrazides 26ab-26at, 26ba-26ea (1.0 equiv.) in PhCl (¢ = 0.4 M) was added
bathocuproine (10 mol%) and finally CuBr,. The mixture was stirred under reflux until completion
(from 0.5 h to 1 d). The reaction mixture was cooled to rt and quenched by sat. aq. NaHCOs. The
mixture was extracted with CHCl; three times. The combined organic layers were dried over MgSQOs,
filtered and concentrated. The residue was purified by preparative TLC (EtOAc/MeOH) to afford
pyrazolopyridazine 27ab-27at, 27ba-27ea.

3-(p-Tolyl)-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]pyridazin-1-one (27ab). Prepared according to
general procedure J from phenyl propiolamide 26ab (77.7 mg, 0.340 mmol). Purified by preparative
TLC (EtOAc/MeOH = 20:1). 27ab was obtained as an orange crystal (74.3 mg, 3.25 mmol, 96%).
m.p.: 119 °C; IR (neat): 3418, 2957, 1635 cm™'; '"H NMR (300 MHz, CDCl): § 7.33-7.24 (m, 4H),
5.65 (s, 1H), 3.85 (t, J = 6.0 Hz, 2H), 3.28 (t, J = 5.4 Hz, 2H), 2.40 (s, 3H), 1.98-1.81 (m, 4H); BC
NMR (75 MHz, CDCls): 6 165.0, 157.9, 140.2, 129.5, 127.9, 125.9, 99.3, 50.0, 40.4, 23.3, 23.0,
21.2; HRMS (ESI): m/z [M + H]" calcd for Ci4H17N2O: 229.1336, found: 229.1132.

3-(4-Methoxyphenyl)-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]pyridazin-1-one (27ac). Prepared
according to general procedure J from phenyl propiolamide 26ac (93.0 mg, 0.381 mmol). Purified
by preparative TLC (EtOAc/MeOH = 20:1). 27ac was obtained as an orange crystal (81.4 mg, 0.333
mmol, 86%). m.p.: 156 °C; IR (neat): 3444, 2957, 1613 cm™'; '"H NMR (300 MHz, CDCl;): § 7.36
(d, J=8.1 Hz, 2H), 6.97 (d, J= 7.8 Hz, 2H), 5.62 (s, 1H), 3.85 (s, 3H), 3.84 (t, /= 5.4 Hz, 2H), 3.27
(t, 5.4 Hz, 2H), 1.98-1.81 (m, 4H); *C NMR (75 MHz, CDCl): § 165.1, 160.9, 157.8, 129.5, 121.2,
114.3,99.0,55.3,50.2,40.4,23.4,23.1; HRMS (ESI): m/z [M + H]" caled for C14H7N20,: 245.1285,
found: 245.1279.

3-([1,1’-Biphenyl]-4-yl)-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]pyridazin-1-one (27ad). Prepared
according to general procedure J from phenyl propiolamide 26ad (57.4 mg, 0.198 mmol). Purified
by preparative TLC (EtOAc/MeOH = 20:1). 27ad was obtained as a pale yellow oil (47.9 mg, 0.165
mmol, 83%); IR (neat): 3426, 2954, 1650 cm™; "TH NMR (300 MHz, CDCl): § 7.70-7.34 (m, 9H),
5.74 (s, 1H), 3.86, (t, J = 6.0 Hz, 2H), 3.34 (t, J = 5.7 Hz, 2H), 2.01-1.83 (m, 4H); *C NMR (75
MHz, CDCls): & 164.9, 157.6, 142.9, 139.9, 128.9, 128.6, 127.9, 127.7, 127.6, 127.0, 100.0, 50.2,
40.5,23.4,23.1; HRMS (ESI): m/z [M + H]" calcd for Ci1oHi9N,O: 291.1492, found: 291.1489.
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3-(4-Fluorophenyl)-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]pyridazin-1-one = (27ae). Prepared
according to general procedure J from phenyl propiolamide 26ae (84.4 mg, 0.363 mmol). Purified
by preparative TLC (EtOAc/MeOH = 20:1). 27ae was obtained as a pale orange crystal (77.7 mg,
0.335 mmol, 92%). m.p.: 126-127 °C; IR (neat): 3413, 2959, 1619 cm™'; '"H NMR (300 MHz,
CDCL): 6 7.43-7.36 (m, 2H), 7.20-7.10 (m, 2H), 5.65 (s, 1H), 3.84 (t, /= 6.0 Hz, 2H), 3.25 (t, J =
5.7 Hz, 2H), 1.99-1.81 (m, 4H); *C NMR (75 MHz, CDCls): 5 165.0 (d, J=40.1 Hz), 161.9, 156.8,
130.0 (d, J = 8.5 Hz), 125.0 (d, J = 6.3 Hz), 116.1 (d, J = 21.9 Hz), 100.1, 50.1, 40.4, 23.3, 23.0;
HRMS (ESI): m/z [M + HJ" caled for C3H14N>OF: 233.1085, found: 233.1082.

3-(4-Bromophenyl)-5,6,7,8-tetrahydro-1H-pyrazolo|1,2-a|pyridazin-1-one  (27af). Prepared
according to general procedure J from phenyl propiolamide 26af (89.0 mg, 0.304 mmol). Purified
by preparative TLC (SiO,, EtOAc/MeOH = 20:1). 27af was obtained as a red crystal (83.8 mg, 0.286
mmol, 94%). m.p.: 155 °C; IR (neat): 3425, 2955, 1647 cm™'; "TH NMR (300 MHz, CDCl3): § 7.58
(d, J=5.7Hz, 2H), 7.28 (d, /= 5.7 Hz, 2H), 5.67 (s, 1H), 3.84 (t,J=5.4 Hz, 2H), 3.26 (t, J=5.1
Hz, 2H), 2.00-1.82 (m, 4H); ®C NMR (75 MHz, CDCl;): 4 164.2, 156.2, 131.8, 129.3, 127.5, 124.1,
100.2, 50.1, 40.5, 23.4, 23.1; HRMS (ESI): m/z [M + H]" calcd for Ci3Hi4N>OBr: 293.0284, found:
293.0281.

Brl

Figure S1. X-ray structure of 27af (CCDC 1993619).

Single crystals of 27af (Ci3H13BrN2O) was used for the X-ray crystallographic analysis. A suitable
crystal was measured on a dtrek-CrysAlisPro-abstract goniometer imported rigaku-d*trek images
diffractometer. The crystal was kept at 100 K during data collection. Using Olex2 ), the structure
was solved with the ShelXT ® structure solution program using Intrinsic Phasing and refined with
the ShelXL® refinement package using Least Squares minimization.

Figure S1. Crystal Data and Structure Refinement for 27af.
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Empirical formula C;3H;3BrN,O

Formula weight 293.16

Temperature/K 100

Crystal system triclinic

Space group P-1

a/A 7.6664(3)

b/A 7.8291(4)

c/A 10.2682(5)

a/° 93.108(4)

B/°91.344(4)

v/° 108.410(4)

Volume/A3 583.37(5)

Z2

pcalcg/cm3 1.669

wmm-1 3.507

F(000) 296.0

Crystal size/mm3 0.03 x 0.03 x 0.02

Radiation MoKa (A = 0.71073)

20 range for data collection/°® 3.976 to 62.624

Index ranges -11 <h <11,-10<k <11,-14<1<14
Reflections collected 11256

Independent reflections 3472 [Rint = 0.0591, Rsigma = 0.0605]
Data/restraints/parameters 3472/0/154
Goodness-of-fit on F2 1.021

Final R indexes [[>=2c6 (I)] R1 =0.0381, wR2 = 0.0780
Final R indexes [all data] R1 =0.0515, wR2 = (0.0832
Largest diff. peak/hole / ¢ A-3 0.46/-0.48

Methyl 4-(1-0x0-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]pyridazin-3-yl)benzoate (27ag). Prepared

according to general procedure J from phenyl propiolamide 26ag (89.0 mg, 0.327 mmol). Purfied

by preparative TLC (EtOAc/MeOH = 10:1). 27ag was obtained as a pale orange crystal (60.4 mg,
0.221 mmol, 68%). m.p.: 185 °C; IR (neat): 3422, 2954, 1638 cm™'. "H NMR (300 MHz, CDCl,):
0 8.10 (d, J = 8.7 Hz, 2H), 7.48 (d, J = 8.4 Hz, 2H), 5.76 (s, 1H), 3.94 (s, 3H), 3.86 (t, /= 6.0 Hz,
2H), 3.27 (t,J= 5.7 Hz, 2H), 2.00-1.82 (m, 4H). *C NMR (75 MHz, CDCL): § 165.9, 164.2, 156.4,
132.9,131.2,129.9, 127.9, 101.1, 52.5, 50.3, 40.7, 23.5, 23.2. HRMS (ESI): m/z [M + H]" calcd for

C1sH17N20s: 273.1234, found: 273.1231.

4-(1-Oxo0-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]pyridazin-3-yl)benzonitrile (27ah).
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according to general procedure J from phenyl propiolamide 26ah (60.2 mg, 0.252 mmol). Purfied
by preparative TLC (EtOAc/MeOH = 10:1). 27ah was obtained as a pale orange crystal (46.8 mg,
0.196 mmol, 78%). m.p.: 217-218 °C; IR (neat): 3431, 2228, 1646 cm™'; '"H NMR (300 MHz,
CDCL): 6 7.78 (d, J= 8.1 Hz, 2H), 7.57 (d, J = 8.1 Hz, 2H), 5.80 (s, 1H), 3.88 (t, J = 6.0 Hz, 2H),
3.27 (t,J=6.0 Hz, 2H), 2.03-1.84 (m, 4H); 3C NMR (75 MHz, CDCls): § 164.1,155.7, 133.2, 132.6,
128.7, 117.9, 113.6, 101.9, 50.2, 40.5, 23.2, 22.8; HRMS (ESI): m/z [M + H]" calcd for Ci4Hi4N3O:
240.1131, found: 240.1125.

3-(4-Nitrophenyl)-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]pyridazin-1-one = (27ai). = Prepared
according to general procedure J from phenyl propiolamide 26ai (56.2 mg, 0.217 mmol). Purified
by preparative TLC (EtOAc/MeOH = 20:1). 27ai was obtained as a yellow crystal (43.1 mg, 0.166
mmol, 77%). m.p.: 224.8-225.1 °C; IR (neat): 3436, 1635, 1519 cm™'; "TH NMR (300 MHz, CDCl5):
0 8.31(d,/J=8.7 Hz, 2H), 7.61 (d, J=9.0 Hz, 2H), 5.83 (s, 1H), 3.88 (t, /= 5.7 Hz, 2H), 3.27 (t,J =
5.7 Hz, 2H), 2.04-1.84 (m, 4H); *C NMR (75 MHz, CDCl): 5 163.7, 155.0, 148.3, 134.7, 128.8,
124.0, 102.3, 50.4, 40.7, 23.4, 23.0; HRMS (ESI): m/z [M + H]" calcd for Ci3H14N303: 260.1030,
found: 260.1026.

3-(4-(Trifluoromethyl)phenyl)-5,6,7,8-tetrahydro-1H-pyrazolo|1,2-a]pyridazin-1-one  (27aj).
Prepared according to general procedure J from phenyl propiolamide 26aj (33.0 mg, 0.117 mmol).
Purified by preparative TLC (EtOAc/MeOH = 20:1). 27aj was obtained as a pale orange crystal (27.3
mg, 0.0967 mmol, 83%). m.p.: 122 °C; IR (neat): 3437, 1652 cm™'; '"H NMR (300 MHz, CDCl,): §
7.71 (d, J = 8.1 Hz, 2H), 7.54 (d, J = 8.1 Hz, 2H), 5.76 (s, 1H), 3.87 (t, J=5.7 Hz, 2H), 3.27 (t, J =
5.7 Hz, 2H), 2.01-1.83 (m, 4H); *C NMR (75 MHz, CDCL): § 164.4, 156.2, 132.4, 131.9 (q, J =
32.9 Hz), 128.5,125.9 (q, /= 3.7 Hz), 123.6 (q, /= 272.4 Hz), 101.4, 50.1, 40.5, 23.3, 22.9; HRMS
(ESI): m/z [M + H]" calcd for C14H14F3N>O: 283.1053, found: 283.1047.

3-(4-(Methoxymethoxy)phenyl)-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]pyridazin-1-one (27ak).
Prepared according to general procedure J from phenyl propiolamide 26ak (52.0 mg, 0.190 mmol).
Purified by preparative TLC (EtOAc/MeOH = 20:1). 27ak was obtained as a pale orange oil (38.4
mg, 0.141 mmol, 74%); IR (neat): 3427, 1637 cm™'; "TH NMR (300 MHz, CDCls): § 7.35 (d, J= 8.7
Hz, 2H), 7.12 (d, J = 8.4 Hz, 2H), 5.63 (s, 1H), 5.22 (s, 2H), 3.84 (t, J = 5.7 Hz, 2H), 3.49 (s, 3H),
3.28 (t, 5.7 Hz, 2H), 1.99-1.81 (m ,4H); *C NMR (75 MHz, CDCl3): § 165.0, 158.5, 157.6, 129.5,
122.3, 116.4, 99.2, 94.1, 56.1, 50.1, 40.4, 23.4, 23.1; HRMS (ESI): m/z [M + H]" calcd for
CisH19N203: 275.1390, found: 275.1384.

3-(0-Tolyl)-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]pyridazin-1-one (27al). Prepared according to
general procedure J from phenyl propiolamide 26al (73.0 mg, 0.320 mmol). Purified by preparative
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TLC (EtOAc/MeOH = 20:1). 27al was obtained as a pale orange oil (68.7 mg, 0.301 mmol, 94%);
IR (neat): 3428, 2223, 1645 cm™'; "TH NMR (300 MHz, CDCl3):  7.38-7.22 (m, 4H), 5.54 (s, 1H),
3.85 (brs, 2H), 3.15 (br s, 2H), 2.33 (s, 3H), 1.88 (br s, 4H); *C NMR (75 MHz, CDCl;): § 165.2,
155.5,136.6, 130.6, 129.6, 129.5, 128.4, 125.9, 99.7, 48.0, 40.6, 23.0, 22.5, 19.8; HRMS (ESI): m/z
[M + H]" caled for C14H;7N,0: 229.1335, found: 229.1330.

3-(m-Tolyl)-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]|pyridazin-1-one (27am). Prepared according
to general procedure J from phenyl propiolamide 26am (75.0 mg, 0.329 mmol). Purified by
preparative TLC (EtOAc/MeOH = 20:1). 27am was obtained as a pale orange oil (64.6 mg, 0.283
mmol, 86%); IR (neat): 3432, 1652 cm™'; 'TH NMR (300 MHz, CDCl3): & 7.37-7.20 (m, 4H), 5.67
(s, 1H), 3.85 (t, J= 5.7 Hz, 2H), 3.29 (t, J= 5.7 Hz), 2.41 (s, 3H), 1.99-1.82 (m, 4H); *C NMR (75
MHz, CDCl;): 6 164.9, 158.0, 138.7, 130.7, 128.8, 128.70, 128.66, 125.2, 99.7, 50.0, 40.4, 23.3, 23.0,
21.3; HRMS (ESI): m/z [M + H]" caled for Ci14H7N20: 229.1335, found: 229.1331.

3-(3,5-Dimethylphenyl)-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]pyridazin-1-one (27an). Prepared
according to general procedure J from phenyl propiolamide 26an (105 mg, 0.430 mmol). Purified
by preparative TLC (AcOEt/MeOH, 20:1). 27an was obtained as a pale orange oil (74.7 mg, 0.306
mmol, 71%); IR (neat): 3412, 1622 cm™'; '"H NMR (300 MHz, CDCl3): § 7.62 and 7.09-7.02 (br s,
1H), 7.08 (s, 1H), 7.02 (s, 1H), 5.65 (s, 1H), 3.85 (t, J= 6.0 Hz, 2H), 3.29 (t, J= 6.0 Hz, 2H), 2.37 (s,
6H), 1.99-1.81 (m, 4H); *C NMR (75 MHz, CDCl): & 165.1, 158.2, 138.6, 131.6, 128.8, 125.9,
99.6, 50.0,40.5,23.4,23.1,21.2; HRMS (ESI): m/z [M + H]" calcd for Ci5sH19N,O: 243.1492, found:
243.1488.

3-(Naphthalen-1-yl)-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]pyridazin-1-one (27a0). Prepared
according to general procedure J from phenyl propiolamide 26a0 (90.0 mg, 0.340 mmol). Purified
by preparative TLC (EtOAc/MeOH = 20:1). 27a0 was pale yellow oil (68.3 mg, 0.258 mmol, 76%).
IR (neat): 3430, 2226, 1634 cm™'; "TH NMR (300 MHz, CDCl;):  8.09-8.03 (m, 1H), 7.94-7.86 (m,
2H), 7.56-7.45 (m, 4H), 5.72 (s, 1H), 3.92 (br s, 2H), 3.13 (t,J = 5.4 Hz, 2H), 1.91-1.81 (m, 4H); *C
NMR (75 MHz, CDCls): 5 165.0, 154.5, 133.3, 130.9, 130.1, 128.3, 127.8, 127.1, 126.3, 126.2, 124.9,
124.5, 100.8, 48.2, 41.0, 23.3, 22.8; HRMS (ESI): m/z [M + H]" calcd for Ci3HsN>O: 265.1336,
found: 265.1333.

3-(Benzo[d][1,3]dioxol-5-yl)-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]pyridazin-1-one (27ap).

Prepared according to general procedure J from phenyl propiolamide 26ap (66.0 mg, 0.256 mmol).
Purified by preparative TLC (EtOAc/MeOH = 5:1). 27ap was pale orange crystal (52.2 mg, 0.202
mmol, 79%). m.p.: 193 °C; IR (neat): 3419, 2230, 1634 cm™'; '"H NMR (300 MHz, CDCl;): § 6.94-
6.87 (m, 3H), 6.03 (s, 2H), 5.62 (s, 1H), 3.83 (t, /= 6.0 Hz, 2H), 3.28 (t, /= 5.7 Hz, 2H), 3.13 (t, J =
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5.4 Hz, 2H), 1.98-1.81 (m, 4H); 3C NMR (75 MHz, CDCls): § 165.0, 157.8, 149.2, 148.1, 122.7,
122.4, 108.8, 108.3, 101.6, 99.6, 50.3, 40.5, 23.5, 23.2; HRMS (ESI): m/z [M + H]" caled for
C14H15N203Z 259.1077, found: 259.1076.

3-Butyl-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a|pyridazin-1-one (27aq). Prepared according to
general procedure J from phenyl propiolamide 26aq (41.5 mg, 0.214 mmol). Purified by preparative
TLC (EtOAc/MeOH = 15:1). 27aq was obtained as a pale orange oil (30.0 mg, 0.154 mmol, 72%);
IR (neat): 3446, 1622 cm™; 'TH NMR (300 MHz, CDCl;): § 5.28 (s, 1H), 3.72 (t, J = 5.4 Hz, 2H),
3.40 (t,J=5.4 Hz, 2H), 2.39 (t, J= 6.9 Hz, 2H), 1.96-1.79 (m, 4H), 1.63-1.53 (m, 2H), 1.46-1.34 (m,
2H), 0.94 (t, J = 7.2 Hz, 3H); ¥C NMR (75 MHz, CDCl,): § 165.9, 156.7, 96.6, 46.3, 40.6, 29.5,
25.4,23.1, 22.4, 22.2, 13.6; HRMS (ESI): m/z [M + H]" calcd for C;1H1oN2O: 195.1492, found:
195.1493.

3-Cyclohexyl-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]pyridazin-1-one (27ar). Prepared according
to general procedure J from phenyl propiolamide 26ar (43.5 mg, 0.197 mmol). Purified by
preparative TLC (EtOAc/MeOH = 3:1). 27ar was obtained as a pale yellow oil (40.7 mg, 0.184 mmol,
94%); IR (neat): 3412, 2224, 1634 cm™'; "TH NMR (300 MHz, CDCl3): 8 5.26 (s, 1H), 3.71 (t, J =
5.4 Hz, 2H), 3.42 (t, J = 5.4 Hz, 2H), 2.36-2.28 (m, 1H), 1.95-1.71 (m, 9H), 1.41-1.25 (m, 5H).

BC NMR (75 MHz, CDCl3): § 166.1, 161.8, 95.0, 46.6, 40.7, 35.0, 31.9, 26.0, 25.7, 23.2, 22.5;
HRMS (ESI): m/z [M + H]" calcd for Ci3H2iN20O: 221.1648, found: 221.1647.

3-(tert-Butyl)-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]pyridazin-1-one (27as). Prepared according
to general procedure J from phenyl propiolamide 26as (50 mg, 0.257 mmol), (Reaction time = 24
h). Purified by preparative TLC (EtOAc/MeOH = 15:1). 27as was obtained as a pale orange oil (48.1
mg, 0.250 mmol, 96%); IR (neat): 3412, 1603 cm™; '"H NMR (300 MHz, CDCl3): § 5.31 (s, 1H),
3.73 (t,J = 5.4 Hz, 2H), 3.58 (t, J= 5.4 H, 2H), 1.96-1.77 (m ,4H), 1.30 (s, 9H); *C NMR (75 MHz,
CDCl): 6 165.6, 164.7, 96.3, 49.3, 40.8, 31.9, 29.1, 23.4, 22.0; HRMS (ESI): m/z [M + H]" caled
for Ci1Hi9N20: 195.1492, found: 195.1491.

3-(Prop-1-en-2-yl)-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]pyridazin-1-one =~ (27at).  Prepared
according to general procedure J from phenyl propiolamide 26at (38.0 mg, 0.213 mmol). Purified
by preparative TLC (EtOAc/MeOH = 5:1). 27at was obtained as an orange crystal (29.0 mg, 0.250
mmol, 76%). m.p.: 80 °C; IR (neat): 3437, 2223, 1645 cm™'; "TH NMR (300 MHz, CDCl3):  5.54
(s, IH), 5.31 (s, 1H), 5.22 (s, 1H), 3.79 (t,J= 6.0 Hz, 2H), 3.35 (t, /= 5.7 Hz, 2H), 2.00 (s, 3H), 1.96-
1.78 (m, 4H); *C NMR (75 MHz, CDCl;): § 164.7, 158.7, 133.0, 118.7, 100.0, 50.4, 40.2, 23.3, 23.2,
21.7, HRMS (ESI): m/z [M + H]" caled for CioH1sN2O: 179.1179, found: 179.1182.

3-Phenyl-5a,6,7,8,82a,9-hexahydro-1H,5H-cyclopenta[d]pyrazolo[1,2-a]pyridazin-1-one (27ba).
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Prepared according to general procedure J from phenyl propiolamide 26ba (70.0 mg, 0.275 mmol).
Purified by preparative TLC (EtOAc/MeOH = 20:1). 27ba was obtained as a pale orange oil (62.1
mg, 0.244 mmol, 89%); IR (neat): 3425, 2220, 1645 cm™; "H NMR (300 MHz, CDCl;): § 7.48-7.40
(m, 5H), 5.67 (s, 1H), 3.91 (dd, J=13.2, 5.4 Hz, 1H), 3.79 (dd, J = 13.2, 5.4 Hz, 1H), 3.47 (dd, J =
12.0, 4.5 Hz, 1H), 3.21 (dd, J = 12.3, 6.6 Hz, 1H), 2.47-2.35 (m, 2H), 1.92-1.45 (m, 6H). *C NMR
(75 MHz, CDCls): 6 165.5,156.7,129.9, 128.9, 128.8, 128.0, 98.7,49.7,41.4,37.4,36.9,27.9, 27.7,
22.8; HRMS (ESI): m/z [M + H]" calcd for C;6H9N,O: 255.1492, found: 255.1489.

1-Phenyl-5,6-dihydro-3 H-pyrazolo[1,2-a]cinnolin-3-one (27ca). Prepared according to general
procedure J from phenyl propiolamide 26¢a (40.0 mg, 0.152 mmol). Purified by preparative TLC
(EtOAc/MeOH). 27ca was obtained as a red oil (25.1 mg, 0.0956 mmol, 63%). IR (neat): 3412, 1621
cm’. "TH NMR (300 MHz, CDCl3): § 7.48-7.44 (m, 5 H), 7.28 (d, J = 7.2 Hz, 1H), 7.06 (t, J= 7.5
Hz, 1H), 6.96 (t,J=7.5 Hz, 1H), 6.50 (d, /= 8.4 Hz, 1H), 5.69 (s, 1H), 4.14 (t, /= 6.0 Hz, 2H), 3.12
(t,J= 6.0 Hz, 2H). ®C NMR (75 MHz, CDCL): 6 161.4, 147.0, 134.6, 129.93, 129.92 128.9, 128.7,
128.3, 127.1, 124.9, 118.5, 99.2, 40.0, 27.4, one carbon peak could not be observed probably due to
overlap; HRMS (ESI): m/z [M + H]" caled for Ci7HsN2O: 263.1179, found: 263.1172.

3-Phenyl-5,8-dihydro-1H-pyrazolo|1,2-a|pyridazin-1-one (27da). Prepared according to general
procedure J from phenyl propiolamide 26da (90.0 mg, 0.424 mmol). Purified by preparative TLC
(EtOAc/MeOH = 3:1). 27da was obtained as a brown oil (81.3 mg, 0.383 mmol, 90%); IR (neat):
3427,2229, 1634 cm™; "TH NMR (300 MHz, CDCl3): & 7.44 (br s, 5H), 6.07-6.02 (m, 1H), 5.91-5.86
(m, 1H), 5.74 (s, 1H), 4.36-4.34 (m, 2H), 3.92-3.86 (m, 2H); *C NMR (75 MHz, CDCl;): § 165.5,
157.9, 130.0, 128.8, 128.7, 128.1, 121.2, 120.3, 99.8, 48.0, 41.4. HRMS (ESI): m/z [M + H]" calcd
for C13Hi3N20: 213.1022, found: 213.1026.

tert-Butyl(1-oxo0-3-phenyl-5,6,7,8-tetrahydro-1H-pyrazolo|1,2-a]pyridazin-6-yl)carbamate
(27ea). Prepared according to general procedure J from phenyl propiolamide 26ea (90.0 mg, 0.273
mmol). Purified by preparative TLC (EtOAc/MeOH = 3:1). 27ea was obtained as a pale yellow oil
(71.9 mg, 0.218 mmol, 80%); IR (neat): 3263, 2248, 1635 cm™'; "TH NMR (300 MHz, CDCL): §
7.48-7.39 (m, 5H), 5.71 (s, 1H), 5.24 (d, J= 7.5 Hz, 1H), 4.10-3.92 (m, 2H), 3.84-3.75 (m, 1H), 3.46
(dd, /=114, 3.0 Hz, 1H), 3.14 (br dd, J = 5.7, 5.7 Hz, 1H), 2.13-2.01 (m, 1H), 1.88-1.77 (m, 1H),
1.44 (s, 9H); C NMR (75 MHz, CDCl3): § 165.1, 158.4, 155.0, 130.2, 129.0, 128.3, 128.0, 100.4,
79.9,53.6,45.0,37.7,28.7,28.3; HRMS (ESI): m/z [M + H]" calcd for C1sH24N303: 330.1812, found:
330.1812.

Transformation from 27aq to 28 [Scheme 27]. To a solution of 27aq (75.0 mg, 0.386 mmol) in
AcOH (3.9 mL) was added PtO, (87.8 mg, 0.386 mmol) and flushed with H,. The suspension was
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stirred at rt under H, atmosphere. After 1 week, the suspension was filtered through silica gel with
MeOH and resulting solution was concentrated. The residue was purified by preparative TLC
(EtOAc/MeOH = 5:1) to afford 28 as a pale yellow oil (71.6 mg, 0.364 mmol, 94%).

3-Butylhexahydro-1H-pyrazolo[1,2-a]pyridazin-1-one (28). IR (neat): 3476, 1694 cm™'; '"H NMR
(300 MHz, CDCls): 8 4.13-4.10 (br, 1H), 3.17-3.14 (br, 1H), 2.87 (br, 2H), 2.70 (dd, J = 16.5, 8.1
Hz, 1H), 2.29 (br t, J = 10.5 Hz, 1H), 2.17 (dd, J = 16.2, 9.0 Hz, 1H), 1.78-1.63 (m, 4H), 1.49-1.25
(m, 6H), 0.91 (t, /= 9.0 Hz, 3H); ®C NMR (75 MHz, CDCL): § 168.7, 62.7, 56.0, 41.4, 36.4, 33.4,
28.1, 24.0, 22.8, 22.6, 13.9; HRMS (ESI): m/z [M + H]" calcd for C;1H21N20O: 197.1648, found:
197.1650.

Transformation from 27aa to 29a [Scheme 27]. To a solution of 27aa (20.0 mg, 0.0933 mmol) was
added 60% aqueous nitric acid (61 puL) portionwise at 0 °C. After the addition was complete the
temperature of the reaction mixture was raised to 60 °C and then stirring was continued at that
temperature for 1.5 h. After cooling the reaction mixture was quenched with ice water and extracted
with CHCIl; three times. The combined organic layers were dried over MgSQ,, filtered and
concentrated. The residue was purified by flash silica gel column chromatography (EtOAc/MeOH =
5:1) to afford 29a as a pale yellow crystal (21.8 mg, 0.0841 mmol, 90%).

2-Nitro-3-phenyl-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]pyridazin-1-one (29a). m.p.: 279 °C; IR
(KBr): 3453, 1691 cm™'; '"H NMR (300 MHz, CDCls): § 7.58-7.51 (m, 3H), 7.42-7.39 (m, 2H), 3.90
(t,J=5.7Hz, 2H), 3.57 (t, J= 5.7 Hz, 2H), 2.03-1.94 (m, 4H); *C NMR (75 MHz, CDCl;): 5 163.7,
155.0, 148.3, 134.7, 128.8, 124.0, 102.3, 50.4, 40.7, 23.4, 23.0; HRMS (ESI): m/z [M + H]" calcd
for C13H14N303: 260.1030, found: 260.1026.

Transformation from 27aa to 29b [Scheme 27]. To a solution of 27aa (30.0 mg, 0.140 mmol) in
CHCI; (4.7 mL) was added NIS (34.0 mg, 0.150 mmol). The mixture was stirred at 50 °C under Ar
atmosphere. After 1.5 h, the mixture was quenched by aq. 1 N NaOH. The mixture was extracted with
CHCI; three times. The combined organic layers were dried over MgSOs, filtered and concentrated.
The residue was purified by short silica gel column chromatography (EtOAc/MeOH) to afford 29b
as a pale yellow crystal (40.7 mg, 0.120 mmol, 85%).

2-lodo-3-phenyl-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]pyridazin-1-one (29b). m.p.: 169-171 °C;
IR (neat): 3432, 1651 cm™; "TH NMR (300 MHz, CDCl3): 8 7.53-7.50 (m, 5H), 3.90 (t, J = 6.0 Hz,
2H), 3.25 (t,J = 6.0Hz, 2H), 1.94-1.81 (m, 4H); *C NMR (75 MHz, CDCl;): 5 163.4, 156.9, 130.3,
129.2, 128.8, 128.6, 62.5, 50.4, 41.7, 23.2, 22.9; HRMS (ESI): m/z [M + H]" calcd for Ci3H14N,OLI:
341.0146, found: 341.0141.
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Transformation from 27aq to 29¢ [Scheme 27]. To a solution of 27aq (30.0 mg, 0.154 mmol) in
MeOH (0.6 mL) was added diphenyl disulfide (50.4 mg, 0.231 mmol), AgOAc (38.6 mg, 0.231
mmol) and DABCO (0.4 mg). The mixture was stirred at rt under Ar atmosphere. After 5 h, the
mixture was quenched by sat. aq. NaHCO3. The mixture was extracted with CHCI; three times. The
combined organic layers were dried over MgSOQy, filtered and concentrated. The residue was purified
by flash silica gel column chromatography (EtOAc/MeOH = 5:1) to afford 6 as a pale orange oil (28.3
mg, 0.0936 mmol, 61%).

3-Butyl-2-(phenylthio)-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]pyridazin-1-one (29¢). IR (neat):
3429, 2223, 1652 cm’™'; "TH NMR (300 MHz, CDCls): § 7.20-7.04 (m, 5H), 3.79 (t, J= 5.7 Hz, 2H),
3.59 (t,J=6.0 Hz, 2H), 2.62 (t, J = 7.2 Hz, 2H), 2.00-1.86 (m, 4H), 1.49-1.26 (m, 4H), 0.86 (t, J =
7.5 Hz). *C NMR (75 MHz, CDCls): § 165.7, 159.6, 138.0, 128.6, 126.4, 125.1, 96.6, 46.6, 41.8,
30.5, 24.5, 23.1, 22.4, 22.2, 13.6. HRMS (ESI): m/z [M + H]" calcd for C17H2N>OS: 303.1526,
found: 303.1522.

Transformation from 27aq to 29d [Scheme 27]. To a solution of 27aq (21.8 mg, 0.112 mmol) in
Bu,O (1.1 mL) was added AuCl (1.3 mg), pyridine (10.8 pL, 0.134 mmol) and TIPS-EBX (57.5 mg,
0.134 mmol). The mixture was stirred at rt under Ar atmosphere. After 11.5 h, the reaction mixture
was quenched by brine. The mixture was extracted with CHCl; three times. The combined organic
layers were dried over MgSQs, filtered and concentrated. The residue was purified by flash silica gel
column chromatography (EtOAc/MeOH = 5:1) to afford 29d as a brown oil (33.6 mg, 0.0897 mmol,
80%).

3-Butyl-2-((triisopropylsilyl)ethynyl)-5,6,7,8-tetrahydro-1H-pyrazolo|1,2-a| pyridazin-1-one
(29d). IR (neat): 2141, 1644 cm™'; "H NMR (300 MHz, CDCl3): 8 3.69 (t,J= 5.4 Hz, 2 H), 3.50 (t,
J=5.4Hz, 2H), 2.59 (t, J= 7.5 Hz, 2H), 1.96-1.80 (m, 4H), 1.65-1.55 (m, 2H), 1.46-1.33 (m, 2H),
1.10 (s, 21H), 0.94 (t,J= 7.2 Hz); *C NMR (75 MHz, CDCl3): § 164.7,157.9,97.2,95.2,94.1,46.3,
41.4,30.2,25.1,23.0,22.5,22.0,18.7,13.7, 11.3; HRMS (ESI): m/z [M + H]" calcd for C22H3oN2OSi:
375.2826, found: 375.2820.

Transformation from 27aq to 30 [Scheme 27]. To a solution of 27aq (90.0 mg, 0.463 mmol) in
toluene (4.6 mL) was added Lawesson’s reagent (187 mg, 0.463 mmol). The mixture was stirred at
100 °C. After 6 h, the mixture was concentrated. The residue was extracted with CHCl; and aq. 1 N
NaOH three times. The combined organic layers were dried over MgSQs, filtered and concentrated.
The residue was purified by preparative TLC (EtOAc/MeOH = 7:1) to afford 30 as a pale orange oil
(68.3 mg, 0.324 mmol, 70%).
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3-Butyl-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]pyridazine-1-thione (30). IR (neat): 3409, 1530
cm!'; TH NMR (300 MHz, CDCl3): 8 6.10 (s, 1H), 4.19 (brt, J = 5.4 Hz, 2H), 3.78 (br s, J = 5.7 Hz,
2H), 2.48 (t,J= 7.5 Hz, 2H), 2.05 (br t, /= 3.0 Hz, 4H), 1.64-1.54 (m, 2H), 1.47-1.34 (m, 2H), 0.941
(t,J=7.5 Hz, 3H); 3C NMR (75 MHz, CDCl,): § 168.6, 150.1, 110.9, 45.9, 44.6, 29.1, 24.5, 22.0,
21.2,21.1, 13.5; HRMS (ESI): m/z [M + HJ" calcd for C;;H19N2S: 211.1264, found: 211.1260.

99



o555 2 T 3 Hi0 R

[Scheme 28]. A solution of alkynylhydrazide 26aa (32 mg, 0.149 mmol) in PhCI (3.7 mL, 0.04 M)
was stirred at reflux for 0.5 h. After cooled to rt, the reaction mixture was concentrated under reduced
pressure. The residue was purified by preparative TLC (EtOAc/MeOH = 10:1) to afford spiro
aminimide 65 as a white solid (ca. 14.7 mg) and 26aa (ca. 8.3 mg); (26aa:65 = 4:7).

2-0x0-4-phenyl-1,5-diazaspiro[4.4]non-3-en-5-ium-1-ide (65). IR (neat): 3392, 2211, 1585 cm™';
'"H NMR (500 MHz, CDCl3): § 7.58-7.52 (m, 3H), 7.41-7.38 (m, 2H), 6.49 (s, 1H), 3.71-3.65 (m,
2H), 3.51 (m, 2H), 2.69-2.59 (m, 2H), 2.18-2.12 (m, 2H); *C NMR (125 MHz, CDCl;): § 175.2,
158.8, 131.0, 129.8, 129.4, 127.0, 126.4, 63.9, 23.1; HRMS (ESI): m/z [M + H]" caled for
Ci3HisN20: 215.1179, found: 215.1179.

[Scheme 29]. A solution of aminimide 65 (26.8 mg, 0.125 mmol) in PhCIl (3.1 mL, 0.04 M) was
stirred at reflux for 0.5 h, After cooled to rt, the reaction mixture was concentrated under reduced
pressure. The residue was purified by preparative TLC (EtOAc/MeOH = 20:1) to afford
pyrazolopyridazine 27aa as a white solid (21.6 mg, 81%).

[Scheme 30]. A solution of the alkynylhydrazide 26aa (38.0 mg, 0.177 mmol) in PhCI (4.4 mL, 0.04
M) was added TBAB (5.7 mg, 0.0177 mmol). The reaction mixture was stirred under reflux for 0.5 h.
The reaction mixture was cooled to rt and quenched by sat. aq. NaHCO;. The mixture was extracted
with CHCl; three times. The combined organic layers were dried over MgSQOs, filtered and
concentrated. The residue was purified by preparative TLC (EtOAc/MeOH = 20:1) to afford
pyrazolopyridazine 27aa (11.8 mg, 31%), aminimide 65 (10.0 mg, 26%) and impure 26aa (14.2 mg,
ca. 37%).

Preparation of N-methylalkynylhydrazide 66 [Scheme 31]. To a solution of 26aa (230 mg, 1.07
mmol) in Mel (3.3 mL, 53.7 mmol) was added NaH (47.2 mg, 1.18mmol) at 0 °C. After 5 min, the
mixture was warmed up to rt and stirred for 10 min. Then, the mixture was quenched by water at 0 °C.
The mixture was extracted with CHCl; three times. The combined organic layers were dried over
MgSOs,, filtered and concentrated. The residue was purified by preparative TLC (Hexane/EtOAc =
3:1) to afford 66 as a colorless oil (33.6 mg, 0.147 mmol, 14%).

N-Methyl-3-phenyl-N-(pyrrolidin-1-yl)propiolamide (66). IR (neat): 3490, 2214, 1639 cm™'; 'H
NMR (300 MHz, CDCls): 6 7.54-7.51 (m, 2H), 7.39-7.31 (m, 3H), 2.98 (s, 3H), 2.95 (br, 4H), 1.90-
1.85 (m, 4H); *C NMR (75 MHz, CDCl): § 156.8, 132.4, 129.4, 128.3, 121.5, 89.3, 83.0, 49.0(2),
22.6; HRMS (ESI): m/z [M + H]" caled for Ci14H7N20: 229.1335, found: 229.1334.
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Preparation of acyclic hydrazide 67 [Scheme 32]. Prepared according to general procedure I from
phenyl propiolic acid (400 mg, 2.73 mmol) and 1,1-diethylhydrazine trifluoroacetate (663 mg, 3.28
mmol). Purified by chromatography (SiO,, EtOAc/MeOH = 1:1). 67a was obtained as a white crystal
(362 mg, 1.67 mmol, 61%).

N’,N’-Diethyl-3-phenylpropiolohydrazide (67). m.p.: 84 °C; IR (neat): 3438, 2215, 1651 cm™; 'H
NMR (300 MHz, CDCLs): 5 7.57-7.51 (m, 2H), 7.40-7.30 (m, 3H), 7.40-7.30 and 7.14 (s, 1H), 2.86-
2.77 (m, 4H), 1.18-1.13 (m, 6H); 3C NMR (75 MHz, CDCly): § 158.7, 152.9, 132.23, 132.21, 129.8,
129.6, 128.24, 128.17, 120.7, 119.9, 91.0, 85.5, 82.1, 81.8, 52.6, 51.9, 12.1, 11.7; HRMS (ESI): m/z
[M + H]* caled for Ci3H;7N,0: 217.1335, found: 217.1337.

Cyclization-migration reaction of acyclic hydrazide 67 [Scheme 32]. To a solution of the propiol
amide 67 (50 mg, 0.231 mmol) in PhCl (5.8 mL, 0.4 M) were added bathocuproine (8.3 mg, 0.0231
mmol) and CuBr; (5.2 mg 0.0231 mmol). The mixture was stirred under reflux for 0.5 h. The reaction
mixture was cooled to rt and quenched by sat. ag. NaHCOj3. The mixture was extracted with CHCl3
three times. The combined organic layers were dried over MgSOQs, filtered and concentrated. The
residue was purified by flash column chromatography on silica gel (SiO,, EtOAc/MeOH = 20:1) to
afford pyrazolone 68a (30.7 mg, 71%).

1-Ethyl-5-phenyl-1,2-dihydro-3 H-pyrazol-3-one (68a). m.p.: 128 °C; IR (KBr): 2965, 1561 cm!;
"H NMR (300 MHz, CDCl3): § 7.49-7.38 (m, 5H), 5.68 (s, 1H), 3.99 (q, /= 7.2 Hz, 1H), 1.40 (t, J
=7.2 Hz, 3H); *C NMR (75 MHz, CDCL): § 161.7, 145.1, 130.5, 128.8, 128.7(2), 91.2, 43.6, 15.6;
HRMS (ESI): m/z [M + H]" caled for C;;H3N20: 189.1022, found: 189.1024.
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Scheme S5. Synthesis of N-piperidinylalkynylhydrazide from phenylpropiolic acid.

[Scheme S5]. To a solution of a propiolic acid (400 mg, 2.73 mmol) in THF (7.8 mL, 0.35 M) were
added 1-aminopiperidine (402 mg, 3.28 mmol), EtsN (1.6 mL, 11.5 mmol), and finally DMT-MM
(907 mg, 3.28 mmol) at rt. Then, the mixture was stirred for 2 h. After stirried, the mixture was
quenched with water and extracted with CHCls three times. The combined organic layers were dried
over MgSQs, filtered and concentrated at rt. The residue was purified by flash silica gel column
chromatography (SiO», Hexane/EtOAc = 1:1) to afford a propiolamide 31aa (267 mg, 1.17 mmol,
42%).

3-Phenyl-N-(piperidin-1-yl)propiolamide (31aa). IR (neat): 3448, 2217, 1645 cm™'; '"H NMR (300
MHz, CDCL): § 7.70-7.47 (m, 2H), 7.47-7.16 (m, 3H), 7.47-7.16 and 6.94 (br s, 1H), 2.97-2.56 (m,
4H), 1.87-1.59 (m, 4H), 1.57 (2H); 3C NMR (75 MHz, CDCL): § 156.9, 151.0, 132.7, 132.4, 130.0,
129.9, 128.4, 128.4, 120.9, 120.0, 90.5, 85.3, 82.1, 81.7, 57.6, 56.8, 25.6, 25.1, 23.1, 23.0; HRMS
(EST): m/z [M + H]" calcd for C1sH17N2O: 229.1335, found: 229.1334.

[Table 10, entry 1]. To a solution of alkynylhydrazide 31aa (53 mg, 0.23 mmol) in PhCI (5.0 mL)
were added CuBr; (5.2 mg, 0.023 mmol) and bathocuproine (8.3 mg, 0.023 mmol). The mixture was
stirred under reflux for 0.5 h. The reaction mixture was evaporated under reduced pressure and the
residue was purified by preparative TLC (EtOAc/MeOH = 3:1) to afford pyrazolodiazepine 32aa
(22.4 mg, 42%).

3-Phenyl-6,7,8,9-tetrahydro-1H,5H-pyrazolo|1,2-a][1,2]diazepin-1-one (32aa). m.p.: 112-
113 °C; IR (neat): 3418, 1624 cm™'; 'TH NMR (300 MHz, CDCl3): § 7.54-7.27 (m, 5H), 5.50 (s, 1H),
4.10 (t, J = 4.2 Hz, 2H), 3.79 (t, J = 4.8 Hz, 2H), 1.59-1.94 (6H); 3C NMR (75 MHz, CDCl): §
162.6, 151.1, 129.5, 129.3, 128.7, 128.3, 95.1, 49.2, 42.9, 29.3, 28.6, 28.3. HRMS (ESI): m/z [M +
H]" calcd for Ci4Hi7N>O: 229.1336, found: 229.1330.

[Table 10, entry 2]. To a solution of the alkynylhydrazide 31aa (34 mg, 0.15 mmol) in PhCI (5.0
mL) were added AuBr; (6.4 mg, 0.015 mmol) and bathocuproine (5.4 mg, 0.015 mmol). The mixture
was stirred under reflux for 1 h. The reaction mixture was evaporated under reduced pressure and the
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residue was purified by preparative TLC (EtOAc/MeOH = 3:1) to afford pyrazolodiazepine 32aa (18
mg, 53%).

[Table 10, entry 3]. To a solution of the alkynylhydrazide 31aa (48 mg, 0.21 mmol) in PhCI (5.0
mL) were added AuBr; (9.2 mg, 0.021 mmol). The mixture was stirred under reflux for 1 h. The
reaction mixture was evaporated under reduced pressure and the residue was purified by preparative
TLC (EtOAc/MeOH = 3:1) to afford pyrazolodiazepine 32aa (18 mg, 52%).

[Table 10, entry 7]. To a solution of the alkynylhydrazide 31aa (125 mg, 0.547 mmol) in PhCI (14
mL) were added Aul (17.7 mg, 0.0547 mmol). The mixture was stirred under reflux for 12 h. The
reaction mixture was evaporated under reduced pressure and the residue was purified by preparative
TLC (EtOAc/MeOH = 3:1) to afford pyrazolodiazepine 32aa (116 mg, 92%).

[Table 10, entry 8]. To a solution of the alkynylhydrazide 31aa (30.0 mg, 0.131 mmol) in PhCI (3.3
mL) were added Col; (4.1 mg, 0.0131 mmol). The mixture was stirred under reflux for 12 h. The
reaction mixture was evaporated under reduced pressure and the residue was purified by preparative
TLC (EtOAc/MeOH = 3:1) to afford pyrazolodiazepine 32aa (26.0 mg, 87%).

[Table 10, entry 11]. To a solution of the alkynylhydrazide 31aa (30.0 mg, 0.131 mmol) in 1-
pentanol (3.3 mL) were added Aul (4.3 mg, 0.0131 mmol). The mixture was stirred under reflux for
12 h. The reaction mixture was evaporated under reduced pressure and the residue was purified by
preparative TLC (EtOAc/MeOH = 3:1) to afford pyrazolodiazepine 32aa (26.8 mg, 89%).

[Table 10, entry 12]. To a solution of the alkynylhydrazide 31aa (30.0 mg, 0.131 mmol) in 1-
pentanol (3.3 mL) were added Aul (4.3 mg, 0.0131 mmol). The mixture was stirred under reflux for
12 h. The reaction mixture was evaporated under reduced pressure and the residue was purified by
preparative TLC (EtOAc/MeOH = 3:1) to afford pyrazolodiazepine 32aa (1.1 mg, 4%) and
aminimide 70 (26.4 mg, 88%).

2-Oxo0-4-phenyl-1,5-diazaspiro[4.5]dec-3-en-5-ium-1-ide (70). m.p.: 207-208 °C; IR (neat): 3400,
2223, 1587 cm’™'; "TH NMR (500 MHz, CDCls): 5 7.68-7.46 (m, 3H), 7.46-7.31 (m, 2H), 6.38 (s, 1H),
3.55-3.32 (m, 2H), 3.20-2.97 (m, 2H), 2.78-2.53 (m, 2H), 2.04-1.62 (m, 3H), 1.52-1.05 (m, 1H); BC
NMR (125 MHz, CDCls): 6 175.3, 163.6, 130.9, 130.1, 129.2, 126.7, 125.7, 61.8, 22.0, 21.1; HRMS
(ESI): m/z [M + H]" caled for CisHi7N20: 229.1335, found: 229.1334.

[Table 10, entry 13]. To a solution of the alkynylhydrazide 31aa (30.0 mg, 0.131 mmol) in 1-
pentanol (3.3 mL) were added Aul (4.3 mg, 0.0131 mmol). The mixture was stirred under reflux for
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12 h. The reaction mixture was evaporated under reduced pressure and the residue was purified by
preparative TLC (EtOAc/MeOH = 3:1) to afford aminimide 70 (15.0 mg, 50%).

[Table 10, entry 14]. To a solution of the alkynylhydrazide 31aa (91.6 mg, 0.401 mmol) in PhCI
(10.0 mL) were added Aul (6.5 mg, 0.020 mmol). The mixture was stirred under reflux for 20 h. The
reaction mixture was evaporated under reduced pressure and the residue was purified by preparative
TLC (EtOAc/MeOH = 3:1) to afford pyrazolodiazepine 32aa (69.8 mg, 76%).

[Table 10, entry 15]. To a solution of alkynylhydrazide 31aa (50.0 mg, 0.219 mmol) in PhCI (5.5
mL, 0.04 M) were stirred under reflux for 12 h. Then, the reaction mixture was concentrated under
reduced pressure. The residue was purified by preparative TLC (EtOAc/MeOH = 3:1) to afford
pyrazolodiazepine 32aa (10.7 mg, 15%), spiro aminimide 70 (36.1 mg, 72%) and 31aa (10.7 mg,
15%).
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Table S6. Preparation of alkynylhydrazides 31ab-31aj, 31al-31aq, 31as.

HN/O

OH O
N
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071’\ + HoN — 0" ™\
R THF, 2 h, it R
63b-63j, 631-63q, 61s 69a 31b-31j, 311-31q, 31as
N 31ab: (R'=Me), 31%  31ag: (R' = CO,Me), 25%
HN” 31ac: (R'= OMe), 43% 31ah: (R' = CN), 24%
S 31ad: (R'= Ph), 10%  31ai: (R'= NO,), 12%
31ae: (R' = F), 37% 31aj: (R' = CF3), 15%
31af: (R' = Br), 20%
R
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\\ \\ Me \\ Me
31al: 35% 31am: 32% 31an: 21%
Me
A / 9
HN NN NN
07 ‘ 07 ™\ o 0%\
R
O )
(0]
31a0: 47% 32ap: 46% 31aq: (R = nBu), 31%

31as: (R = tBu), 20%

General procedure K: preparation of alkynylhydrazides 31ab-31ak, 31al-31aq, 31as [Table S6].
To a solution of a propiolic acid (1.0 equiv.) in THF (¢ = 0.35 M) were added 1-aminopiperidine (1.2
equiv.), EtN (4.2 equiv.), and finally DMT-MM (1.2 equiv.) at rt. Then, the mixture was stirred for 2
h. After stirred, the mixture was quenched with water and extracted with CHCI; three times. The
combined organic layers were dried over MgSOs, filtered and concentrated at rt. The residue was

purified by flash silica gel column chromatography (Hexane/EtOAc) to afford a propiolamide 31ab-

31ak, 31al-31aq, 31as.

N-(Piperidin-1-yl)-3-(p-tolyl)propiolamide (31ab). Prepared according to general procedure K
from 3-(p-tolyl)propiolic acid (300 mg, 1.87 mmol). Purified by chromatography (SiO,,
Hexane/EtOAc = 1:1). 31ab was obtained as a colorless oil (157 mg, 0.649 mmol, 31%). IR (neat):
3453, 2214, 1643 cm™'; '"H NMR (300 MHz, CDCls): § 7.75 and 7.27-7.01 (br s, 1H), 7.59-7.34 (m,
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2H), 7.27-7.01 (m, 2H), 2.98-2.63 (m, 4H), 2.37 and 2.34 (s, 3H), 1.85-1.56 (m, 4H), 1.56-1.27 (m,
2H); 3C NMR (75 MHz, CDClL): 8 157.1, 151.2, 140.4(2), 132.5, 132.3, 129.1(2), 117.7, 116.9,
91.0, 85.6,81.7, 81.2, 57.4,56.7,25.5, 25.0, 23.0, 22.9, 21.5, 21.4; HRMS (ESI): m/z [M + H]" calcd
for C1sHisN2O: 243.1492, found: 243.1489.

3-(4-Methoxyphenyl)-V-(piperidin-1-yl)propiolamide (31ac). Prepared according to general
procedure K from 3-(4-methoxyphenyl)propiolic acid (300 mg, 1.70 mmol). Purified by
chromatography (SiO,, Hexane/EtOAc = 1:1). 31ac was obtained as a white solid (187 mg, 0.722
mmol, 43%). m.p.: 121 °C. (decomposed); IR (neat): 3440, 2212, 1645 cm™'; '"H NMR (300 MHz,
CDCl): 6 7.60-7.37 (m, 2H), 7.60-7.37 and 6.99 (br s, 1H), 6.94-6.67 (m, 2H), 3.82 (s, 3H), 3.02-
2.63 (m, 4H), 1.85-1.58 (m, 4H), 1.57-1.31 (m, 2H); *C NMR (75 MHz, CDCl3):  160.90, 160.86,
157.2, 151.3, 134.5, 134.1, 114.1(2), 112.7, 111.8, 91.2, 85.8, 81.3, 81.0, 57.5, 56.8, 55.2(2), 25.6,
25.1,23.0,22.9; HRMS (ESI): m/z [M + H]" calcd for CisHioN,O»: 259.1441, found: 259.1439.

3-([1,1’-Biphenyl]|-4-yl)-NV-(piperidin-1-yl)propiolamide (31ad). prepared according to general
procedure K from 3-([1,1’-biphenyl]-4-yl)propiolic acid (400 mg, 1.79 mmol). Purified by
chromatography (SiO,, Hexane/EtOAc = 1:1). 31ad was obtained as a pale orange solid (52.5 mg,
0.278 mmol, 10%). m.p.: 199 °C; IR (neat): 3436, 2216, 1646 cm™'. "H NMR (300 MHz, CDCl,):
0 7.75-7.26 (m, 9H), 6.96 and 6.74 (br s, 1H), 3.08-2.58 (m, 4H), 1.84-1.63 (m, 4H), 1.58-1.30 (m,
2H); *C NMR (75 MHz, CDCl3): 5 156.5, 150.8, 142.6, 142.5, 139.7, 139.6, 133.0, 132.7, 128.7(2),
127.81, 127.76, 127.1, 126.9, 126.9, 126.8, 119.5, 118.6, 90.5, 85.4, 82.6, 82.3,57.9, 57.1,25.9, 25 4,
23.3,23.2; HRMS (ESI): m/z [M + H]" caled for C20H2:1N2O: 305.1648, found: 305.1646.

3-(4-Fluorophenyl)-V-(piperidin-1-yl)propiolamide (31ae). Prepared according to general
procedure K from 3-(4-fluorophenyl)propiolic acid (300 mg, 1.83 mmol). Purified by
chromatography (SiO2, Hexane/EtOAc = 1:1). 31ae was obtained as a white solid (167 mg, 0.68
mmol, 37%). m.p.: 143-144 °C; IR (neat): 3453, 2220, 1642 cm™; "H NMR (300 MHz, CDCl;): §
8.05 and 7.67-7.43 (br s, 1H), 7.67-7.43 (m, 2H), 7.21-6.90 (m, 2H), 3.01-2.60 (m, 4H), 1.86-1.56 (m,
4H), 1.56-1.30 (m, 2H); *C NMR (75 MHz, CDCl): § 164.9 (d, J= 5.2 Hz), 161.6 (d, J= 5.2 Hz),
156.9, 150.9, 134.7 (d,J=9.2 Hz), 134.4 (d, /= 8.6 Hz), 116.8 (d, J=2.9 Hz), 116.1 (d, J= 3.4 Hz),
115.8, 115.5, 89.4, 84.1, 82.0, 81.5, 57.3, 56.5, 25.5, 25.0, 22.9, 22.8; HRMS (ESI): m/z [M + H]"
calcd for C14HisNoOF: 247.1241, found: 247.1239.

3-(4-Bromophenyl)-V-(piperidin-1-yl)propiolamide (31af). Prepared according to general
procedure K from 3-(4-bromophenyl)propiolic acid (300 mg, 1.33 mmol). Purified by
chromatography (SiO,, Hexane/EtOAc = 1:1). 31af was obtained as a white solid (80.0 mg, 0.260
mmol, 20%). m.p.: 206-207 °C; IR (neat): 3453, 2223, 1640, 732 cm!; '"H NMR (300 MHz,
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CDCl3): 7.62-7.30 (m, 4H), 7.09 and 6.75 (br s, 1H), 2.97-2.50 (m, 4H), 1.87-1.58 (m, 4H), 1.57-
1.33 (m, 2H); 3C NMR (75 MHz, CDCl;) 5 156.5, 150.9, 134.0, 133.8, 131.9, 131.8, 124.8, 124.6,
119.9, 119.0, 89.3, 84.3, 83.1, 82.6, 57.8, 56.9, 25.6, 25.1, 23.1, 23.0; HRMS (ESI): m/z [M + H]"
calcd for C14H¢N2OBr: 307.0441, found: 307.0437.

Methyl 4-(3-oxo0-3-(piperidin-1-ylamino)prop-1-yn-1-yl)benzoate (31ag). Prepared according to
general procedure K from 3-(4-(methoxycarbonyl)phenyl)propiolic acid (300 mg, 1.47 mmol).
Purified by chromatography (SiO», Hexane/EtOAc = 1:1). 31ag was obtained as a white solid (106
mg, 0.370 mmol, 25%). m.p.: 198-199 °C; IR (neat): 2219, 1721, 1652 cm™'; "TH NMR (300 MHz,
CDCls): 6 8.23-7.87 (m, 2H), 7.76-7.41 (m, 2H), 6.74 and 6.68 (br s, 1H), 3.94 and 3.93 (s, 3H), 2.97-
2.58 (m, 4H), 1.81-1.67 (m, 4H), 1.55-1.31 (m, 2H); *C NMR (75 MHz, CDCl): § 165.9, 165.8,
155.9, 150.3, 132.3, 132.2, 131.1, 130.9, 129.4, 129.3, 125.3, 124.4, 89.1(2), 84.1, 83.9, 58.0, 57.1,
52.5(2), 25.8, 25.4,23.3,23.2; HRMS (ESI): m/z [M + H]" calcd for C16H19N,03: 287.1390, found:
287.1390.

3-(4-Cyanophenyl)-V-(piperidin-1-yl)propiolamide (31ah). Prepared according to general
procedure K from 3-(4-cyanophenyl)propiolic acid (300 mg, 1.75 mmol). Purified by
chromatography (SiO,, Hexane/EtOAc = 1:1). 31ah was obtained as a white solid (105 mg, 0.414
mmol, 24%). m.p.: 218 °C; IR (neat): 3439, 2227, 1645 cm™'; '"H NMR (300 MHz, CDCl;): 6 7.81-
7.56 (m, 4H), 7.47 and 6.92 (br s, 1H), 3.14-2.51 (m, 4H), 1.88-1.58 (m, 4H), 1.59-1.23 (m, 2H); BC
NMR (75 MHz, CDCl3): 6 156.1,150.2,132.9,132.8, 132.1, 132.1, 125.7, 124.9, 118.0, 117.8, 113 .4,
113.2, 87.8, 85.3, 85.0, 82.8, 57.7, 56.8, 25.6, 25.1, 23.0, 22.9; HRMS (ESI): m/z [M + H]" calcd for
CisHi6N3O: 254.1288, found: 254.1286.

3-(4-Nitrophenyl)-NV-(piperidin-1-yl)propiolamide (31ai). Prepared according to general
procedure K from 3-(4-nitrophenyl)propiolic acid (300 mg, 1.57 mmol). Purified by chromatography
(Si0,, Hexane/EtOAc = 1:1). 31ai was obtained as a white solid (48.8 mg, 12%). m.p.: 211-214 °C;
IR (neat): 2222, 1652, 1516 cm™; "TH NMR (300 MHz, CDCl;): § 8.41-8.04 (m, 2H), 7.86-7.51 (m,
2H), 7.25 and 6.80 (br s, 1H), 3.07-2.45(m, 4H), 1.88-1.58 (m, 4H), 1.55-1.29 (m, 2H); *C NMR (75
MHz, CDCls): 155.9, 150.1, 148.2, 148.0, 133.3, 133.2, 127.7, 126.7, 123.7, 123.6, 87.4, 85.8, 85.7,
82.5,57.8,56.9,25.6,25.1,23.0,22.9; HRMS (ESI): m/z [M + H]" caled for C14H6N303: 274.1186,
found: 274.1183.

N-(Piperidin-1-yl)-3-(4-(trifluoromethyl)phenyl)propiolamide (31aj). Prepared according to
general procedure K from 3-(4-(trifluoromethyl)phenyl)propiolic acid (300 mg, 1.40 mmol).
Purified by chromatography (SiO,, Hexane/EtOAc = 1:1). 31aj was obtained as a pale orange solid
(61.3 mg, 0.207 mmol, 15%). m.p.: 218 °C; IR (neat): 2224, 1646, 1324 cm™'; "TH NMR (300 MHz,
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CDCls): § 7.82-7.48 (m, 4H), 7.28 and 6.83 (br, 1H), 3.03-2.58 (m, 4H), 1.89-1.59 (m, 4H), 1.56-
1.29 (m, 2H); *C NMR (101 MHz, CDCly): § 156.2, 150.5, 132.8, 132.6, 131.4 (q, J = 85.7 Hz),
125.4 (g, J = 10.6 Hz), 125.0, 124.9, 124.8, 123.9, 122.3, 122.2, 88.4(2), 83.8, 83.5, 57.8, 57.0, 25.6,
25.1,23.1,22.9. HRMS (ESI): m/z [M + H]" caled for C1sH;eN>OFs: 297.1209, found: 297.1205.

N-(Piperidin-1-yl)-3-(o-tolyl)propiolamide (31al). Prepared according to general procedure K
from 3-(o-tolyl)propiolic acid acid (300 mg, 1.87 mmol). Purified by chromatography (SiO.,
Hexane/EtOAc = 1:1). 31al was obtained as a pale orange solid (157 mg, 1.21 mmol, 35%). m.p.:
112-113 °C; IR (neat): 3184, 2212, 1651 cm™'; '"H NMR (400 MHz, CDCl;): § 7.75-7.42 (m, 1H),
7.42-7.09 (m, 3H), 7.04 and 6.68 (br s, 1H), 2.98-2.66 (m, 4H), 2.56 and 2.47 (s, 3H), 1.90-1.54 (m,
4H), 1.54-1.30 (m, 2H); “C NMR (101 MHz, CDCl3): § 156.9, 151.2, 141.9, 141.5, 133.4, 132.9,
130.1(2), 129.6, 129.5, 125.7(2), 120.7, 119.8, 89.4, 85.7, 85.5, 84.4, 57.9, 57.0, 25.6, 25.2,23.1, 23.0,
20.7,20.6; HRMS (ESI): m/z [M + H]" calcd for CisHi9N>O: 243.1492, found: 243.1492.

N-(Piperidin-1-yl)-3-(m-tolyl)propiolamide (31am). Prepared according to general procedure K
from 3-(m-tolyl)propiolic acid acid (300 mg, 1.87 mmol). Purified by chromatography (SiO.,
Hexane/EtOAc =1:1). 31am was obtained as a white solid (144 mg, 0.593 mmol, 32%). m.p.: 126 °C;
IR (neat): 2942, 2213, 1651 cm™; "TH NMR (400 MHz, CDCl;): § 7.46-7.19 (m, 4H), 7.16 and 6.77
(brs, 1H), 2.96-2.65 (m, 4H), 2.35 and 2.33 (s, 3H), 1.83-1.64 (m, 4H), 1.55-1.30 (m, 2H); *C NMR
(101 MHz, CDCl3): 6 156.9, 151.1, 138.2, 138.1, 133.2, 132.9, 131.0, 130.9, 129.8, 129.5, 128.34,
128.29, 120.7, 119.8, 90.8, 85.6, 81.7, 81.4, 57.7, 56.9, 25.6, 25.1, 23.1, 23.0, 21.2, 21.1; HRMS
(ESI): m/z [M + H]" caled for CisHioN>O: 243.1492, found: 243.1492.

3-(3,5-Dimethylphenyl)-N-(piperidin-1-yl)propiolamide (31an). prepared according to general
procedure K from 3-(3,5-dimethylphenyl)propiolic acid (300 mg, 1.72 mmol). Purified by
chromatography (SiO,, Hexane/EtOAc = 1:1). 31an was obtained as a white solid (92.0 mg, 0.359
mmol, 21%). m.p.: 124 °C; IR (neat): 2218, 1639 cm™; '"H NMR (300 MHz, CDCl3): § 7.45 and
6.97 (brs, 1H), 7.25-7.10 (m, 2H), 7.08-7.00 (m, 1H), 3.08-2.57 (m, 4H), 2.31 and 2.28 (s, 6H), 1.84-
1.55 (m, 4H), 1.55-1.19 (m, 2H); *C NMR (75 MHz, CDCl3): § 157.0, 151.2, 138.0, 137.9, 131.9,
131.8,130.3, 130.0, 120.4, 119.6,91.1, 85.8, 81.5, 81.1, 57.6, 56.8, 25.6, 25.1, 23.0, 22.9, 21.0, 20.9;
HRMS (ESI): m/z [M + H]" calcd for Ci¢H21N20: 257.1648, found: 257.1646.

3-(Naphthalen-1-yl)-V-(piperidin-1-yl)propiolamide (31a0). Prepared according to general
procedure K from 3-(naphthalen-1-yl)propiolic acid (300 mg, 1.53 mmol). Purified by
chromatography (SiO,, Hexane/EtOAc =1:1). 31ao was obtained as a white solid (267 mg, 0.958
mmol, 47%). m.p.: 147-148 °C; IR (neat): 2943, 2211, 1657 cm™'; "TH NMR (300 MHz, CDCl;): &
8.66 and 8.33 (d, J = 8.2 Hz, 1H), 8.19-7.30 (m, 7H), 3.11-2.62 (m, 4H), 1.90-1.65 (m, 4H), 1.62-
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1.31 (m, 2H); 3C NMR (75 MHz, CDCl3): 5 157.1, 151.1, 133.9, 133.2, 132.9, 132.8, 132.5, 132.1,
130.7, 130.5, 128.2(2), 127.2, 127.0, 126.63, 126.58, 126.3, 125.8, 125.1, 124.9, 118.4, 117.6, 88.5,
86.8, 86.6, 83.5,57.7,56.7,25.7,25.1, 23.0, 22.9; HRMS (ESI): m/z [M + H]" calcd for CisH19N,O:
279.1492, found: 279.1488.

3-(Benzo[d][1,3]dioxol-5-yl)-V-(piperidin-1-yl)propiolamide (31ap). Prepared according to
general procedure K from 3-(benzo[d][ 1,3]dioxol-5-yl)propiolic acid (300 mg, 1.58 mmol). Purified
by chromatography (SiO., Hexane/EtOAc = 1:1). 31ap was obtained as a pale yellow solid (198 mg,
0.725 mmol, 46%). m.p.: 240-243 °C; IR (neat): 3448, 2859, 2212, 1646 cm™'; '"H NMR (300 MHz,
CDCl): 6 7.67 and 7.20 (brs, 1H), 7.18-6.61 (m, 3H), 6.01 and 5.99 (s, 2H), 3.02-2.64 (m, 4H), 1.89-
1.58 (m, 4H), 1.55-1.30 (m, 2H); *C NMR (75 MHz, CDCls): 5 157.0, 151.1, 149.3(2), 147.4(2),
128.2, 127.8, 113.8, 113.0, 112.3(2), 111.9(2), 108.5, 101.5, 90.8, 85.5, 80.8, 80.5, 57.5, 56.7, 25.6,
25.1,23.0,22.9; HRMS (ESI): m/z [M + H]" calcd for C1sHi7N,Os: 273.1234, found: 273.1230.

N-(Piperidin-1-yl)hept-2-ynamide (31aq). Prepared according to general procedure K from hept-
2-ynoic acid (300 mg, 2.38 mmol). Purified by chromatography (SiO», Hexane/EtOAc = 1:1). 31aq
was obtained as a white solid (152 mg, 0.731 mmol, 31%). m.p.: 94 °C; IR (neat): 3457, 2231, 1647
cm’'; 'TH NMR (300 MHz, CDCl3): & 8.00 and 7.26 (br s, 1H), 3.04-2.54 (m, 4H), 2.39 and 2.29 (t,
J=7.1Hz, 2H), 1.97-1.26 (m, 10H), 1.12-0.78 (m, 3H); *C NMR (75 MHz, CDCls): § 156.8, 150.9,
934, 87.6, 74.2, 73.7, 57.1, 56.2, 29.4, 29.3, 25.2, 24.8, 22.8, 22.6, 21.5, 21.3, 18.3, 17.9, 13.1(2);
HRMS (ESI): m/z [M + H]" calcd for C12H21N20: 209.1648, found: 209.1648.

4,4-Dimethyl-/V-(piperidin-1-yl)pent-2-ynamide (31as). Prepared according to general procedure
K from 4,4-dimethylpent-2-ynoic acid (300 mg, 2.38 mmol). Purified by chromatography (SiOs,
Hexane/EtOAc = 1:1). 31as was obtained as a white solid (102 mg, 0.488 mmol, 20%). m.p.: 114-
117 °C; IR (neat): 3466, 2226, 1652 cm™; "H NMR (300 MHz, CDCl): § 7.38 and 6.77 (br s, 1H),
2.95-2.53 (m, 4H), 1.88-1.55 (m, 4H), 1.55-1.35 (m, 2H), 1.30 and 1.27 (s, 9H); *C NMR (75 MHz,
CDCl): 6 157.2,151.2,100.6, 95.0, 72.9, 72.3, 57.2, 56.7, 30.0(2), 27.6, 27.2, 25.6, 25.0, 23.0, 22.9;
HRMS (ESI): m/z [M + H]" calcd for Ci2H21N2O: 209.1648, found: 209.1647.
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Table S7. Preparation of alkynylhydrazides 31ba-31ia.

' 'D DMT-MM, Et;N HIN
AN
h

b4

N H,N
7N (*HCh) THF, 2 h, rt S

Ph P
63a 69b-69i 31ba-31ia
Me
Me CO,Me Me
e ’\O/ e N 7 N ]\l/\)
HN HN HN HN
o%\ o%\ o%\ 0"
Ph Ph Ph Ph
31ba: 9% 31ca: 15% 31da: 13% 31ea: 18%
O
/N: 5 ,NE j N N
HN HN HN \) HN™
P P P A
Ph Ph Ph Ph
31fa: 24% 31ga: 42% 31ha: 58% 3tia: 25%

General procedure L: preparation of alkynylhydrazides 31ba-31ia [Table S7]. To a solution of
phenyl propiolic acid (1.0 equiv.) in THF (¢ = 0.35 M) were added hydrazine (1.2 equiv.), TEA (4.2
equiv.) and finally DMT-MM (1.2 equiv.) at rt. Then, the mixture was stirred for 2 h. After stirred, the
mixture was quenched by water and extracted with CHCIs three times. The combined organic layers
were dried over MgSQOs, filtered and concentrated. The residue was purified by silica gel column

chromatography (Hexane/EtOAc) to afford propiol amides 31ba-31ia.

N-(4-Methylpiperidin-1-yl)-3-phenylpropiolamide (31ba). Prepared according to general
procedure L from phenyl propiolic acid (400 mg, 2.73 mmol) and 4-methyl-1-piperidinamine (375
mg, 3.28 mmol). Purified by chromatography (SiO., Hexane/EtOAc = 2:1). 31ba was obtained as a
white solid (58 mg, 0.239 mmol, 9%). m.p.: 112-115 °C; IR (neat): 3443, 2222, 1647 cm™'; '"H NMR
(300 MHz, CDCls): 6 7.69-7.47 (m, 2H), 7.48-7.31 (m, 3H), 6.80 and 6.64 (br s, 1H), 3.32-2.99 (m,
2H), 2.64-2.26 (m, 2H), 1.81-1.60 (m, 2H), 1.60-1.30 (m, 3H), 0.945 (d, J = 6.9 Hz, 3H); *C NMR
(75 MHz, CDCl;): 6 156.7, 151.1, 132.8, 132.5, 130.1, 130.0, 128.5, 128.4, 120.9, 120.0, 90.6, 85.4,
82.0, 81.7, 57.1, 56.3, 33.8, 33.3, 29.7, 29.6, 21.4(2); HRMS (ESI): m/z [M + H]" calcd for
CisH19N2O: 243.1492, found: 243.1492.

Methyl 1-(3-phenylpropiolamido)piperidine-4-carboxylate (31ca). Prepared according to general
procedure L from phenyl propiolic acid (400 mg, 2.73 mmol) and methyl 1-amino-4-
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piperidinecarboxylate (518 mg, 3.27 mmol). Purified by chromatography (SiO,, Hexane/EtOAc =
1:1). 31ca was obtained as a white solid (115 mg, 0.400 mmol, 15%). m.p.: 138 °C; IR (neat): 2221,
1714, 1644 cm™'; "TH NMR (300 MHz, CDCl3): 6 8.21 and 7.81 (br s, 1H), 7.70-7.18 (m, 5H), 3.70
and 3.67 (s, 3H), 3.35-2.97 (m, 2H), 2.90-2.49 (m, 2H), 2.44-2.19 (m, 1H), 2.17-1.76 (m, 4H); 3C
NMR (75 MHz, CDCl3): 6 174.6,174.5,156.9, 151.1, 132.4, 132.1, 129.9(2), 128.2(2), 120.4, 119.8,
90.7,85.3,81.9,81.3,55.5,54.3,51.5,51.5, 39.3, 39.3, 27.8, 27.2; HRMS (ESI): m/z [M + H]" calcd
for CisH19N203: 287.1390, found: 287.1390.

N-(3-Methylpiperidin-1-yl)-3-phenylpropiolamide (31da). Prepared according to general
procedure L from phenyl propiolic acid (400 mg, 2.73 mmol) and 3-methyl-1-piperidinamine (375
mg, 3.28 mmol). Purified by chromatography (SiO,, Hexane/EtOAc = 1:1). 31da was obtained as a
white solid (89 mg, 0.326 mmol, 13%). m.p.: 102-103 °C; IR (neat): 3448, 2217, 1648 cm™'; 'H
NMR (300 MHz, CDCls): 6 7.75-7.47 (m, 2H), 7.47-7.28 (m, 3H), 7.07 and 6.78 (br s, 1H), 3.25-
3.01 (m, 2H), 2.52-2.29 (m, 1H), 2.26-2.01 (m, 1H), 2.01-1.47 (m, 5H), 0.94 and 0.89 (d, /= 6.6 Hz,
3H); ®C NMR (75 MHz, CDCL3): 6 156.8, 151.1, 132.7, 132.5, 130.1, 130.0, 128.5, 128.4, 120.9,
120.1, 90.5, 85.4, 82.1, 81.7, 64.6, 64.0, 57.2, 56.2, 31.8, 31.4, 31.0, 30.7, 24.64, 24.56 19.3, 19.0.
HRMS (ESI): m/z [M + H]" caled for CisHioN2O: 243.1492, found: 243.1492.

N-(2-Methylpiperidin-1-yl)-3-phenylpropiolamide (31ea). Prepared according to general
procedure L from phenyl propiolic acid (400 mg, 2.73 mmol) and 2-methyl-1-piperidinamine (375
mg, 3.28 mmol). Purified by chromatography (SiO,, Hexane/EtOAc = 1:1). 31ea was obtained as a
colorless oil (120.7 mg, 0.498 mmol, 18%). m.p.: 103 °C; IR (neat): 3448, 2216, 1648 cm™'; 'H
NMR (400 MHz, CDCl3): & 7.65-7.48 (m, 2H), 7.48-7.28 (m, 3H), 6.83-6.58 and 6.58-6.43 (br m,
1H), 3.34-3.06 (m, 1H), 2.65-2.27 (m, 2H), 1.89-1.64 (m, 4H), 1.58-1.20 (m, 2H), 1.17 (d, /= 5.9 Hz,
3H); *C NMR (101 MHz, CDCl3): § 157.6, 152.0, 132.6, 132.5, 130.1, 129.9, 128.5, 128.4, 121.0,
120.1,90.9, 85.5, 82.1, 82.0, 60.8, 60.7, 58.3, 57.4,33.9, 33.3, 25.9, 25.3, 23.8, 19.7. two carbon peak
could not be observed probably due to overlap; HRMS (ESI): m/z [M + H]" calcd for CisHioN>O:
243.1492, found: 243.1492.

N-(3,4-Dihydroquinolin-1(2H)-yl)-3-phenylpropiolamide (31fa). Prepared according to general
procedure L from phenyl propiolic acid (400 mg, 2.73 mmol) and 3,4-dihydro-1(2H)-quinolinamine.
Purified by chromatography (SiO2, Hexane/EtOAc = 1:1). 31fa was obtained as a white solid (267
mg, 1.17 mmol, 42%). m.p.: 129 °C; IR (neat): 3207, 2214, 1652 cm™; '"H NMR (300 MHz, CDCl;):
6 7.72-7.26 (m, 6H), 7.18-6.95 (m, 2H), 6.94-6.72 (m, 2H), 3.74-3.15 (m, 2H), 2.96-2.57 (m, 2H),
2.44-1.92 (m, 2H); “C NMR (75 MHz, CDCl;): 5 158.9, 152.6, 145.2, 144.7, 132.8, 132.6, 130.33,
130.25, 129.2(2), 128.5, 128.4, 127.2, 127.0, 123.4, 123.3, 120.2, 120.1, 119.8, 119.7, 113.0, 112.7,
90.5, 86.8, 81.5, 81.1, 53.2, 51.5, 26.9, 26.8, 22.4, 22.1; HRMS (ESI): m/z [M + H]" calcd for
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C18H17N202 277.1335, found: 277.1335.

N-(3,4-Dihydroisoquinolin-2(1H)-yl)-3-phenylpropiolamide (31ga). Prepared according to
general procedure L from phenyl propiolic acid (500 mg, 3.42 mmol) and 3,4-dihydro-2(1H)-
isoquinolinamine (609 mg, 4.11 mmol). Purified by chromatography (SiO», Hexane/EtOAc =1:1).
31ga was obtained as a yellow solid (231 mg, 0.834 mmol, 24%). m.p.: 124 °C. IR (neat): 3182,
2218, 1640 cm™. '"H NMR (300 MHz, CDCl3): 8 7.61-6.97 (m, 10H), 4.13 and 4.06 (s, 2H), 3.34-
3.11 (m, 2H), 3.12-2.99 (m, 2H). 3C NMR (75 MHz, CDCl3): 5 156.9, 151.6, 132.9, 132.8, 132.74,
132.69, 132.5, 130.2, 130.0, 129.8, 129.4, 128.7, 128.6, 128.5, 128.4, 126.8, 126.8, 126.7, 126.1,
120.6,119.91,119.85,91.2, 85.8, 81.9, 81.5, 58.1, 57.0, 54.2, 52.6, 28.4, 27.2. HRMS (ESI): m/z [M
+ H]" calcd for CisH17N>0O: 277.1335, found: 277.1336.

N-Morpholino-3-phenylpropiolamide (31ha). Prepared according to general procedure L from
phenyl propiolic acid (300 mg, 2.05 mmol) and 4-morpholinamine (251 mg, 2.46 mmol). Purified by
chromatography (SiO,, Hexane/EtOAc = 1:1). 31ha was obtained as a white solid (274 mg, 1.19
mmol, 58%). m.p.: 150-151 °C; IR (neat): 3193, 2220, 1636 cm™; '"H NMR (300 MHz, CDCl;): §
7.70 and 7.63-7.21 (br s, 1H), 7.63-7.21 (m, 5H), 3.92-3.67 (m, 4H), 3.01-2.73 (m, 4H); *C NMR
(75 MHz, CDCl): 6 156.9, 151.2, 132.6, 132.4, 130.1(2), 128.4(2), 120.5, 119.8, 90.9, 85.8, 81.8,
81.4, 66.5, 66.2, 56.4, 55.6; HRMS (ESI): m/z [M + H]" caled for C3H;sN20,: 231.1128, found:
231.1128.

3-Phenyl-NV-(apzepan-1-yl)propiolamide (31ia). Prepared according to general procedure L from
phenyl propiolic acid (600 mg, 4.10 mmol) and 1-aminohomopiperidine. Purified by chromatography
(Si0,, Hexane/EtOAc = 1:1). 31ia was obtained as a colorless oil (248 mg, 1.02 mmol, 25%); IR
(neat): 3187,2215, 1648 cm™'; "H NMR (300 MHz, CDCl3): 5 7.63-7.48 (m, 2H), 7.48-7.22 (m, 3H),
7.48-7.22 and 7.18 (br s, 1H), 3.22-2.87 (m, 4H), 1.88-1.57 (m, 8H); *C NMR (101 MHz, CDCl,):
0 157.4, 151.6, 132.8, 132.6, 130.2, 130.1, 128.60, 128.58, 121.1, 120.2, 90.7, 85.4, 82.24, 82.18,
59.1,58.1,27.1,27.0,26.9, 26.0; HRMS (ESI): m/z [M + H]" calcd for Ci5sH19N,O: 243.1492, found:
243.1490.

General procedure M: synthesis of pyrazolopyridazines 32ab-32aj, 32al-32aq, 32as [Table 11].
To a solution of the propiol amide 31ab-31aj, 31al-31aq, 32as (1.0 equiv.) in PhCl (¢ = 0.04 M) was
added Aul. The mixture was stirred under reflux until completion (from 12 h to 72 h). The reaction
mixture was cooled to rt and concentrated under reduced pressure. The residue was purified by
preparative TLC (EtOAc/MeOH) to afford pyrazolopyridazine 32ab-32aj, 32al-32aq, 32as.

3-(p-Tolyl)-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]diazepin-1-one (32ab). Prepared according to
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general procedure M from phenyl propiolamide 31ab (95.0 mg, 0.392 mmol). Purified by
preparative TLC (EtOAc/MeOH = 5:1). 32ab was obtained as a white solid (82.3 mg, 0.341 mmol,
87%). m.p.: 126-127 °C; IR (neat): 3411, 2935, 1611 cm’!; '"H NMR (300 MHz, CDCl;): § 7.49-
7.12 (m, 4H), 5.46 (s, 1H), 4.09 (t, /= 3.9 Hz, 2H), 3.79 (t, /= 4.8 Hz, 2H), 2.40 (s, 3H), 2.01-1.43
(m, 6H); 3C NMR (75 MHz, CDCL): 5 162.6, 151.3, 139.7, 129.3, 128.1, 126.4, 94.7, 49.2, 42.9,
29.3,28.6,28.3,21.5; HRMS (ESI): m/z [M + H]" calcd for CisH1oN>O: 243.1492, found: 259.1489.

3-(4-Methoxyphenyl)-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]diazepin-1-one (32ac). Prepared
according to general procedure M from phenyl propiolamide 1ac (42.0 mg, 0.163 mmol). Purified
by preparative TLC (EtOAc/MeOH = 5:1). 32ac was obtained as a white solid (37.2 mg, 0.144 mmol,
89%). m.p.: 117 °C; IR (neat): 3401, 2939, 1611 cm™'; '"H NMR (300 MHz, CDCl3):  7.32 (d, J =
8.8 Hz, 2H), 6.98 (d, J = 8.8 Hz, 2H), 5.45 (s, 1H), 4.09 (t, J = 4.2 Hz, 2H), 3.86 (s, 3H), 3.80 (t, /=
4.2 Hz, 2H), 1.95-1.53 (m, 6H); *C NMR (75 MHz, CDCl3): § 163.0, 160.6, 151.4, 129.7, 121.7,
114.2, 94.5, 55.3, 49.1, 42.6, 29.0, 28.4, 28.0; HRMS (ESI): m/z [M + H]" caled for CisHoN,Ox:
259.1441, found: 259.1438.

3-([1,1’-Biphenyl]|-4-yl)-5,6,7,8-tetrahydro-1H-pyrazolo|1,2-a]diazepin-1-one (32ad). Prepared
according to general procedure M from phenyl propiolamide 31ad (26.5 mg, 0.087 mmol). Purified
by preparative TLC (EtOAc/MeOH = 5:1). 32ad was obtained as a white solid (22.4 mg, 0.0736
mmol, 85%). m.p.: 165 °C; IR (neat): 3392, 2941, 1598 cm™'; '"H NMR (300 MHz, CDCl;): § 7.75-
7.55 (m, 4H), 7.55-7.30 (m, 5SH), 5.57 (s, 1H), 4.12 (t, J=4.2 Hz, 2H), 3.85 (t, /=4.2 Hz, 2H), 1.97-
1.60 (m, 6H); *C NMR (75 MHz, CDCl3): § 163.0, 151.4, 142.7, 139.9, 129.0, 128.9, 128.3, 127.9,
127.6, 127.1, 95.5, 49.4, 42.9, 29.2, 28.5, 28.1; HRMS (ESI): m/z [M + H]" calcd for C20H21N,O:
305.1648, found: 305.1640.

3-(4-Fluorophenyl)-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]diazepin-1-one  (32ae).  Prepared
according to general procedure M from phenyl propiolamide 31ae (36.7 mg, 0.149 mmol). Purified
by preparative TLC (EtOAc/MeOH = 5:1). 32ae was obtained as a white solid (32.5 mg, 0.132 mmol,
89%). m.p.: 160 °C; IR (neat): 3391, 2944, 1617 cm™; '"H NMR (300 MHz, CDCls): § 7.46-7.30
(m, 2H), 7.25-7.01 (m, 2H), 5.47 (s, 1H), 4.09 (t, /= 3.9 Hz, 2H), 3.77 (t, J=4.8 Hz, 2H), 1.97-1.55
(m, 6H); *3C NMR (75 MHz, CDCl,): § 164.8 162.0 (d, J = 78.6 Hz), 150.2, 130.1 (d, J = 8.4 Hz),
125.4 (d,J=3.4Hz), 115.9 (d, J=21.8 Hz), 95.3,49.2,42.9, 29.2, 28.5, 28.2; HRMS (ESD): m/z [M
+ H]" calcd for C14Hi6N,OF: 247.11241, found: 247.1239.

(Bromophenyl)-5,6,7,8-tetrahydro-1H-pyrazolo|1,2-a]diazepin-1-one (32af). Prepared according
to general procedure M from phenyl propiolamide 31af (40.0 mg, 0.130 mmol). Purified by
preparative TLC (EtOAc/MeOH = 5:1). 32af was obtained as white solid (32.9 mg, 0.107 mmol,
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82%). m.p.: 171-174 °C; IR (neat): 3410, 2941, 1623 cm™'; 'H NMR (300 MHz, CDCl;): 5 7.61 (d,
J=8.5Hz, 2H), 7.27 (d, J = 8.5 Hz, 2H), 5.51 (s, 1H), 4.10 (t, J = 3.9 Hz, 2H), 3.78 (t, /= 4.5 Hz,
2H), 2.06-1.55 (m, 6H); *C NMR (75 MHz, CDCl3): § 162.8, 150.5, 132.1, 129.9, 128.3, 128.3,
124.1, 95.6, 49.4, 49.2, 42.7, 29.0, 28.3, 28.0; HRMS (ESI): m/z [M + H]" calcd for Ci4HsN>OBr:
307,0441 found: 307.0440.

Methyl 4-(1-0x0-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]diazepin-3-yl)benzoate (32ag). Prepared
according to general procedure M from phenyl propiolamide 31ag (47.5 mg, 0.166 mmol). Purified
by preparative TLC (EtOAc/MeOH = 5:1). 32ag was obtained as a white solid (43.5 mg, 0.152 mmol,
92%). m.p.: 149 °C; IR (neat): 3419, 2948, 1717, 1607 cm™'; 'TH NMR (300 MHz, CDCl3): 6 8.11
(d, J=8.3 Hz, 2H), 7.45 (d, J = 8.3 Hz, 2H), 5.56 (s, 1H), 4.11 (t, /= 3.9 Hz, 2H), 4.02-3.87 (t, J =
3.9 Hz, 2H), 3.79 (t, J= 4.8 Hz, 2H), 2.04-1.48 (m, 6H); *C NMR (75 MHz, CDCl;): 6 165.8, 162.3,
150.0, 133.4, 131.0, 129.8, 128.2, 96.0, 52.4, 49.3, 42.9, 29.1, 28.5, 28.1; HRMS (ESI): m/z [M +
H]* caled for Ci6H19N2O5: 287.1390, found: 287.1387.

4-(1-Ox0-5,6,7,8-tetrahydro-1H-pyrazolo|1,2-a]diazepin-3-yl)benzonitrile  (32ah). Prepared
according to general procedure M from phenyl propiolamide 31ah (51.5 mg, 0.203 mmol). Purified
by preparative TLC (EtOAc/MeOH = 5:1). 32ah was obtained as a pale yellow solid (43.7 mg, 0.173
mmol, 85%). m.p.: 200-201 °C; IR (neat): 3340, 2943, 1626 cm™; '"H NMR (300 MHz, CDCl;): §
7.79 (d, J = 8.5 Hz, 2H), 7.54 (d, J = 8.4 Hz, 2H), 5.59 (s, 1H), 4.12 (t, /= 3.9 Hz, 2H), 3.80 (t, J =
4.2 Hz, 2H), 2.01-1.61 (m, 6H); *C NMR (75 MHz, CDClL3): § 162.4, 149.4, 133.7, 132.6, 129.0,
117.9, 113.3, 96.7, 49.3, 42.7, 28.8, 28.2, 27.8; HRMS (ESI): m/z [M + H]" calcd for CisH;sN3O:
254.1288, found: 254.1288.

3-(4-Nitrophenyl)-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]diazepin-1-one (32ai). Prepared
according to general procedure M from phenyl propiolamide 31ai (33.7 mg, 0.130 mmol). Purified
by preparative TLC (EtOAc/MeOH = 5:1). 32ai was obtained as a yellow solid (43.1 mg, 0.166 mmol,
84%). m.p.: 196 °C; IR (neat): 3409, 2938, 1627 cm™'; "TH NMR (300 MHz, CDCl;): 6 8.30 (d, J=
16.0 Hz, 2H), 7.58 (d, J = 8.8 Hz, 2H), 5.62 (s, 1H), 4.12 (t, J=4.2 Hz, 2H), 3.80 (t, /= 4.2 Hz, 2H),
2.00-1.58 (m, 6H); '*C NMR (75 MHz, CDCl): & 162.4, 149.1, 148.3, 135.5, 129.3, 124.1, 97.1,
494, 42.8, 28.9, 28.2, 27.9; HRMS (ESI): m/z [M + H]" calcd for Ci4H6N303: 274.1186, found:
274.1184.

3-(4-(Trifluoromethyl)phenyl)-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]pyridazin-1-one  (32aj).
Prepared according to general procedure M from phenyl propiolamide 31aj (48.5 mg, 0.164 mmol).
Purified by preparative TLC (EtOAc/MeOH = 5:1). 32aj was obtained as a white solid (37.6 mg,
0.127 mmol, 78%). m.p.: 163 °C; IR (neat): 3410, 2941, 1619 cm™'; '"H NMR (300 MHz, CDCl,):
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67.72 (d, J=8.5 Hz, 2H), 7.52 (d, /= 8.3 Hz, 2H), 5.56 (s, 1H), 4.11 (t,J=4.2 Hz, 2H), 3.80 (t, J =
4.5 Hz, 2H), 1.98-1.56 (m, 6H); 3C NMR (75 MHz, CDCl3): § 162.2, 149.5, 132.7, 131.4 (q, J =
32.6 Hz), 128.6, 125.6 (q, J = 3.98 Hz), 123.4 (q, J = 270 Hz), 96.1, 49.3, 42.8, 29.1, 28.4, 28.1;
HRMS (ESI): m/z [M + H]" calcd for C;sH;6F3N>0: 297.1209, found: 297.1206.

3-(o-Tolyl)-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]pyridazin-1-one (32al). Prepared according to
general procedure M from phenyl propiolamide 31al (81.0 mg, 0.336 mmol). Purified by preparative
TLC (EtOAc/MeOH = 5:1). 32al was obtained as a pale yellow oil (60.8 mg, 0.251 mmol, 75%). IR
(neat): 3410, 1599 cm™'. "TH NMR (400 MHz, CDCl;): § 7.43-7.06 (m, 4H), 5.37 (s, 1H), 4.13 (brs,
2H), 3.60 (t,J = 3.9 Hz, 2H), 2.27 (s, 3H), 1.97-1.41 (m, 6H); *C NMR (101 MHz, CDCl;): 5 162.5,
148.5, 137.0, 130.5, 129.8, 129.6, 129.0, 125.9, 94.8, 47.6, 42.2, 29.1, 28.5(2), 19.8; HRMS (ESI):
m/z [M + HJ" calced for C1sH9N2O: 243.1492, found: 243.1489.

3-(m-Tolyl)-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]diazepin-1-one (32am). Prepared according to
general procedure M from phenyl propiolamide 31am (61.0 mg, 0.252 mmol). Purified by
preparative TLC (EtOAc/MeOH = 5:1). 32am was obtained as a pale yellow oil (55.1 mg, 0.227
mmol, 90%); IR (neat): 3402, 2938, 1627 cm™'; "TH NMR (300 MHz, CDCl): § 7.53-6.91 (m, 4H),
5.46 (s, 1H), 4.23-3.94 (m, 2H), 3.94-3.57 (m, 2H), 2.40 (s, 3H), 1.96-1.49 (m, 6H); *C NMR (75
MHz, CDCl3): 6 162.4, 151.1, 138.3, 130.1, 129.0, 128.7, 128.4, 125.2, 94.7, 49.0, 42.7, 29.1, 28.4,
28.2,21.4; HRMS (ESI): m/z [M + H]" calcd for CisH1oN2O: 243.1492, found: 243.1489.

3-(3,5-Dimethylphenyl)-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]diazepin-1-one (32an). Prepared
according to general procedure M from phenyl propiolamide 31an (66.6 mg, 0.260 mmol). Purified
by preparative TLC (AcOEt/MeOH, 5:1). 32an was obtained as a pale brown oil (55.4 mg, 0.216
mmol, 83%); IR (neat): 3412, 2934, 1622 cm™'; '"H NMR (300 MHz, CDCls3): § 7.09 (s, 1H), 6.99
(s, 2H), 5.47 (s, 1H), 4.10 (t, J = 3.9 Hz, 2H), 3.82 (t, J = 4.2 Hz, 2H), 2.36 (s, 6H), 1.99-1.57 (m,
6H); *C NMR (75 MHz, CDCl;): § 162.8, 151.5, 138.4, 131.3, 129.1, 126.1,94.7, 48.9, 42.5, 28.9,
28.2,28.0,21.1; HRMS (ESI): m/z [M + H]" calcd for Ci6H21N,0: 257.1648, found: 257.1644.

3-(Naphthalen-1-yl)-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]diazepin-1-one  (32a0). Prepared
according to general procedure M from phenyl propiolamide 31a0 (40.5 mg, 0.145 mmol). Purified
by preparative TLC (EtOAc/MeOH = 5:1). 32a0 was obtained as a pale yellow oil (31.8 mg, 0.145
mmol, 79%). m.p.: 155-156 °C; IR (neat): 3416, 2941, 1618 cm™'; "H NMR (300 MHz, CDCl;): §
8.10-7.79 (m, 3H), 7.65-7.38 (m, 4H), 5.56 (s, 1H), 4.36-3.97 (m, 2H), 3.75-3.47 (m, 2H), 2.05-1.41
(m, 6H); *C NMR (75 MHz, CDCl3): § 162.6, 147.7,133.4,131.5,130.2, 128.4, 128.1, 127.1, 126.9,
126.5, 125.0, 124.9,96.1,48.1,42.4, 29.1, 28.5(2); HRMS (ESI): m/z [M + H]" calcd for CisH19N,O:
279.1492, found: 279.1489.
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3-(Benzo[d][1,3]dioxol-5-yl)-5,6,7,8-tetrahydro-1 H-pyrazolo[1,2-a]diazepin-1-one (32ap).
Prepared according to general procedure M from phenyl propiolamide 31ap (42.0 mg, 0.154 mmol).
Purified by preparative TLC (EtOAc/MeOH = 5:1). 32ap was white solid (39.1 mg, 0.202 mmol,
93%). m.p.: 153 °C; IR (neat): 3397, 2941, 1622 cm™. "TH NMR (300 MHz, CDCl3): 6 6.88 (d, /=
1.4 Hz, 2H), 6.84 (s, 1H), 6.04 (s, 2H), 5.45 (s, 1H), 4.18-3.96 (m, 2H), 3.93-3.68 (m, 2H), 1.95-1.57
(m, 6H). 3C NMR (75 MHz, CDCL3): 6 162.9, 151.4, 148.9, 148.0, 123.1, 122.6, 108.64, 108.63,
101.6,95.0,49.2,42.8,29.0,28.3, 28.0. HRMS (ESI): m/z [M + H]" calcd for CisH17N>O3: 273.1234,
found: 273.1231.

3-Butyl-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]diazepin-1-one (32aq). Prepared according to
general procedure M from phenyl propiolamide 31aq (70.0 mg, 0.336 mmol). Purified by
preparative TLC (EtOAc/MeOH = 5:1). 32aq was obtained as a colorless oil (50.3 mg, 0.241 mmol,
73%). IR (neat): 3395, 2935, 1604 cm™. '"H NMR (300 MHz, CDCl3): § 5.13 (s, 1H), 4.11-3.91 (m,
2H), 3.91-3.74 (m, 2H), 2.44 (t, J= 7.7 Hz, 2H), 1.91-1.64 (m, 6H), 1.62-1.52 (m, 2H), 1.46-1.34 (m,
2H), 0.94 (t, J = 7.3 Hz, 3H). *C NMR (75 MHz, CDCls): 5 162.7, 148.7, 91.5, 46.1, 41.8, 29.9,
28.9,28.6,28.4,25.5,22.0, 13.5. HRMS (ESI): m/z [M + H]" calcd for C12H21N>0: 209.1648, found:
209.1647.

3-(tert-Butyl)-5,6,7,8-tetrahydro-1H-pyrazolo[1,2-a]diazepin-1-one (32as). Prepared according to
general procedure M from phenyl propiolamide 31as (30 mg, 0.144 mmol), (Reaction time = 72 h).
Purified by preparative TLC (EtOAc/MeOH = 3:1). 32as was obtained as a colorless oil (21.8 mg,
0.250 mmol, 73%); IR (neat): 3384, 2975, 1615 cm™'; '"H NMR (300 MHz, CDCl;): § 5.17 (s, 1H),
4.22-3.89 (m, 4H), 1.92-1.64 (m, 6H), 1.32 (s, 9H); *C NMR (75 MHz, CDCls): § 162.1, 156.3,
91.1, 48.0, 41.5, 31.7, 29.6, 28.7, 28.6, 28.3; HRMS (ESI): m/z [M + H]" calcd for Ci2H2N,O:
209.1648, found: 209.1647.

General procedure N: synthesis of pyrazolopyridazines 32ba-32ia [Table 12]. To a solution of the
propiol amide 31ba-31ia (1.0 equiv.) in PhCl (¢ = 0.04 M) was added Aul. The mixture was stirred
under reflux for 12 h. The reaction mixture was cooled to rt and concentrated under reduced pressure.
The residue was purified by preparative TLC (EtOAc/MeOH) to afford pyrazolopyridazine 32ba-
32ia.

6-Methyl-3-pheny-6,7,8,9-tetrahydro-1H,5SH-pyrazolo[1,2-a][1,2]diazepin-1-one (32ba).
Prepared according to general procedure N from phenyl propiolamide 31ba (31.9 mg, 0.128 mmol).
Purified by preparative TLC (EtOAc/MeOH = 3:1). 32ba was obtained as a pale white solid (30.5
mg, 0.126 mmol, 42%). m.p.: 141 °C; IR (neat): 3408, 2928, 1622 cm™'; "H NMR (400 MHz,
CDCl): 6 7.58-7.42 (m, 3H), 7.42-7.32 (m, 2H), 5.51 (s, 1H), 4.76-4.61 (m, 1H), 4.14-3.94 (m, 1H),
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3.68-3.43 (m, 2H), 2.20-1.92 (m, 1H), 1.93-1.73 (m, 2H), 1.59-1.41 (m, 1H), 1.41-1.24 (m, 1H), 1.04
(d, J = 6.4 Hz, 3H); ®C NMR (101 MHz, CDCL3): § 162.7, 151.0, 129.7, 129.4, 128.8, 128.4, 95.1,
47.5,41.2,36.4,36.1,35.5,22.3; HRMS (ESI): m/z [M + H]" calcd for C;sHoN,O: 243.1492, found:
243.1491.

3-Phenyl-6,7,8,9-tetrahydro-1H,5H-pyrazolo[1,2-a][1,2]diazepin-1-one (32ca). Prepared
according to general procedure N from phenyl propiolamide 31ca (72.5 mg, 0.253 mmol). Purified
by preparative TLC (EtOAc/MeOH = 5:1). 32ca was obtained as a pale yellow oil (58.1 mg, 0.203
mmol, 80%); IR (neat): 3413, 1729, 1622 cm™'; '"H NMR (300 MHz, CDCl;): § 7.60-7.21 (m, 5H),
5.54 (s, 1H), 4.60-4.34 (m, 1H), 4.12-3.93 (m, 1H), 3.91-3.78 (m, 1H), 3.77-3.64 (m, 1H), 3.72 (s,
3H), 2.86-2.67 (m, 1H), 2.35-2.16 (m, 1H), 2.14-1.85 (m, 3H); *C NMR (75 MHz, CDCl3): 5 174.1,
162.8, 151.9, 129.9, 129.0, 128.9, 128.3, 95.5, 57.8, 52.0, 46.5, 44.3, 40.3, 30.3; HRMS (ESI): m/z
[M + H]* caled for C16H19N2O3: 287.1390, found: 287.1390.

6-Methyl-3-phenyl-6,7,8,9-tetrahydro-1H,5SH-pyrazolo[1,2-a][1,2]diazepin-1-one (32da).
Prepared according to general procedure N from phenyl propiolamide 31da (25.5 mg, 0.231 mmol).
Purified by preparative TLC (EtOAc/MeOH = 5:1). 32da was obtained as a colorless oil (22.2 mg,
0.092 mmol, 87%); IR (neat): 3411, 2935, 1622 cm™'; "H NMR (600 MHz, CDCl3): § 7.58-7.42 (m,
3H), 7.42-7.29 (m, 2H), 5.48 (s, 1H), 4.43 (dd, J = 15.0, 7.8 Hz, 1H), 3.91-3.61 (m, 2H), 3.47 (dd, J
=15.0, 9.0 Hz, 1H), 2.03-1.83 (m, 2H), 1.82-1.61 (m, 2H), 1.53-1.38 (m, 1H), 0.85 (d, J = 7.0 Hz,
3H); BC NMR (151 MHz, CDCl3): § 162.7, 151.4, 129.8, 129.6, 128.9, 128.6,94.7, 54.1, 42.8, 37.3,
34.6, 26.6, 18.3; HRMS (ESI): m/z [M + H]" calcd for CsH;9N2O: 243.1492, found: 243.1492.

8-Methyl-3-phenyl-6,7,8,9-tetrahydro-1H,5SH-pyrazolo[1,2-a][1,2]diazepin-1-one (32da’).
Prepared according to general procedure N from phenyl propiolamide 31da (25.5 mg, 0.231 mmol).
Purified by preparative TLC (EtOAc/MeOH = 5:1). 32da’ was obtained as a colorless oil (2.5 mg,
0.010 mmol, 10%). IR (neat): 3370, 2928, 1619 cm™'; "H NMR (400 MHz, CDCl3): § 7.56-7.42 (m,
3H), 7.42-7.35 (m, 2H), 5.53 (s, 1H), 4.37 (d, /= 14.6 Hz, 1H), 3.98 (dd, J = 14.8, 7.8 Hz, 1H), 3.67
(dd, J=14.6, 9.6 Hz, 1H), 3.52 (dd, J = 14.9, 9.4 Hz, 1H), 2.06-1.88 (m, 2H), 1.88-1.76 (m, 1H),
1.61-1.32 (m, 2H), 1.06 (d, J = 6.9 Hz, 3H). *C NMR (101 MHz, CDCl3): § 163.3, 151.2, 129.9,
129.6, 129.0, 128.7, 95.3, 49.2, 48.2, 37.5, 33.7, 26.8, 18.9; HRMS (ESI): m/z [M + H]" calcd for
CisH19N2O: 243.1492, found: 243.1492.

9-Methyl-3-phenyl-6,7,8,9-tetrahydro-1H,5SH-pyrazolo[1,2-a][1,2]diazepin-1-one (32ea) and 5-
Methyl-3-phenyl-6,7,8,9-tetrahydro-1H,5H-pyrazolo[1,2-a][1,2]diazepin-1-one (32ea’).
Prepared according to general procedure N from phenyl propiolamide 31ea (52.9 mg, 0.231 mmol).
Purified by preparative TLC (EtOAc/MeOH = 3:1). 32ea and 32ea’ was obtained as a pale white solid
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(22.4 mg, 0.0981 mmol, 43%); IR (neat): 3412, 2935, 1622 cm’'; '"H NMR (600 MHz, CDCl3): §
7.51-7.34 (m, 10H), 5.56 and 5.548 (s, 2H), 5.09-4.97 (m, 1H), 4.69-4.59 (m, 1H), 4.31-4.22 (m, 1H),
3.99-3.84 (m, 1H), 3.55-3.38 (m, 2H), 2.24-1.56 (m, 12H), 1.45 (d, J= 7.2 Hz, 3H), 1.10 (d, /= 6.6
Hz, 3H); BC NMR (151 MHz, CDCl): § 164.7, 164.3, 154.8, 154.4, 130.3, 129.9, 129.8, 129.0,
128.9, 128.6, 128.3, 97.5, 96.4, 55.5, 51.2,49.1, 45.5, 33.8, 32.5, 28.8, 27.4, 23.7, 22.9, 18.4, 16.1;
HRMS (ESI): m/z [M + H]" calcd for CsH;9N2O: 243.1492, found: 243.1491.

1-Phenyl-10,11-dihydro-3H,5H-benzo|[d]pyrazolo[1,2-a][1,2]diazepin-3-one (32fa). Prepared
according to general procedure N from phenyl propiolamide 31fa (50.0 mg, 0.181 mmol). Purified
by preparative TLC (EtOAc/MeOH = 3:1). 32fa was obtained as a pale white solid (46.3 mg, 0.168
mmol, 90%); IR (neat): 3417, 2990, 1645 cm™; "TH NMR (300 MHz, CDCl): § 7.61-7.36 (m, 6H),
7.35-7.18 (m, 2H), 7.18-7.00 (m, 1H), 5.74 (s, 1H), 5.08 (s, 2H), 3.58 (t, /= 5.0 Hz, 2H), 3.14 (t, J =
5.0 Hz, 2H); *C NMR (75 MHz, CDCl;): § 166.1, 159.0, 139.3, 135.5, 130.2, 129.6, 129.3, 129.0,
128.8, 128.3,128.0, 127.2, 100.5, 51.7,47.6, 34.1; HRMS (ESI): m/z [M + H]" calcd for CisH17N,O:
277.1335, found: 277.1333.

1-Phenyl-6,7-dihydro-3 H,SH-benzo|c|pyrazolo[1,2-a][1,2]diazepin-3-one  (32ga).  Prepared
according to general procedure N from phenyl propiolamide 31ga (50.0 mg, 0.181 mmol). Purified
by preparative TLC (EtOAc/MeOH = 3:1). 32ga was obtained as a pale white solid (44.9 mg, 0.162
mmol, 84%); IR (neat): 3417, 2254, 1627 cm™; "TH NMR (300 MHz, CDCl3): § 7.50-7.09 (m, 7H),
7.11-6.90 (m, 1H), 6.59 (d, J= 7.8 Hz, 1H), 5.76 (s, 1H), 3.92 (br m, 2H), 2.98 (t, /= 7.1 Hz, 2H),
2.25-1.97 (m, 2H); *C NMR (75 MHz, CDCl;): § 161.8, 147.2, 135.3, 134.6, 129.8, 129.5, 128.9,
128.6, 128.4, 128.0, 127.4, 126.1, 96.3, 38.4, 29.0, 26.2; HRMS (ESI): m/z [M + H]" calcd for
CisH17N20: 277.1335, found: 277.1332.

9-Phenyl-1,2,4,5-tetrahydro-7H-pyrazolo[1,2-d][1,4,5]oxadiazepin-7-one  (32ha).  Prepared
according to general procedure N from phenyl propiolamide 31ha (43.5 mg, 0.189 mmol). Purified
by preparative TLC (EtOAc/MeOH = 5:1). 32ha was obtained as a red oil (40.4 mg, 0.0176 mmol,
93%). m.p.: 153 °C; IR (neat): 3412, 1615 cm™'; '"H NMR (300 MHz, CDCl5): 6 7.61-7.44 (m, 3H),
7.44-7.33 (m, 2H), 5.58 (s, 1H), 4.34-4.16 (m, 2H), 4.09-3.86 (m, 4H), 3.87-3.68 (m, 2H); *C NMR
(75 MHz, CDCl3): 6 163.2, 152.9, 130.1, 129.0, 128.8, 128.4, 96.0, 70.0, 69.7, 52.2, 45.7; HRMS
(ESI): m/z [M + H]" calcd for Ci13HisN>O,: 231.1128, found: 231.1126.

1-(Hex-5-en-1-yl)-5-phenyl-1,2-dihydro-3H-pyrazol-3-one (71). Prepared according to general
procedure N from phenyl propiolamide 31ia (77.0 mg, 0.317 mmol). Purified by preparative TLC
(EtOAc/MeOH = 5:1). 71 was obtained as a colorless oil (30.7 mg, 0.1276 mmol, 40%); IR (neat):
3017, 1641, 1559 cm™'; '"H NMR (300 MHz, CDCls): § 7.54-7.28 (m, 5H), 5.86-5.54 (m, 2H), 5.03-
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4.78 (m, 2H), 4.05-3.83 (m, 2H), 2.08-1.87 (m, 2H), 1.87-1.68 (m, 2H), 1.39-1.22 (m, 2H); 3C NMR
(75 MHz, CDCls): 6 161.7, 145.6, 138.2, 130.6, 128.9, 128.74, 128.66, 114.7,91.2, 48.4, 33.0, 29.6,
25.5; HRMS (ESI): m/z [M + H]" calcd for C;sH;9N,O: 243.1492, found: 243.1491.

Transformation from 32aa to 72 [Scheme 37]. In a 10 mL round-bottomed flask was added POCI;
(18.3 uL, 0.197 mmol) to DMF (20.3 pL, 0.262 mmol) at 0 °C. After 30 min, 32aa (30 mg, 0.131
mmol) was added to the mixture and the mixture was stirred at 85 °C for 3 h. The reaction mixture
was poured into a mixture of ice and NaOH (2 N). The aqueous phase was extracted with CHCl5 three
times, and the organic layer was dried over MgSOy, filtered, and concentrated under reduced pressure.
The residue was purified by preparative TLC (EtOAc/MeOH = 5:1). 72 was obtained as a brown oil
(20.8 mg, 0.081 mmol, 62%).

1-Oxo-3-phenyl-6,7,8,9-tetrahydro-1H,SH-pyrazolo[1,2-a][1,2]diazepine-2-carbaldehyde (72).
IR (neat): 3422, 1688, 1501 cm™'; '"H NMR (400 MHz, CDCl3): § 9.65 (s, 1H), 7.65-7.46 (m, 3H),
7.46-7.31 (m, 2H), 4.27-4.04 (m, 2H), 4.01-3.77 (m, 2H), 1.95-1.67 (m, 6H); *C NMR (101 MHz,
CDCl): 6 183.8, 160.9, 149.5, 130.8, 129.7, 128.9, 126.2, 105.6, 47.7, 41.9, 28.9, 28.8, 28.4; HRMS
(ESI): m/z [M + H]" caled for CisH7N20,: 257.1285, found: 257.1282.

Transformation from 32aa to 73 [Scheme 37|. To a solution of 32aa (30.0 mg, 0.131 mmol) in
MeCN (2.0 mL) were added iodobenzene (29.0 pL, 0.262 mmol), Ag-COs (72.0 mg, 0.262 mmol)
and Pd(OAc)> (11.6 mg, 0.0524 mmol) at rt. The mixture was stirred at 100 °C. After 12 h, the mixture
was filtered through silica gel and washed with CHCl; and then, resulting solution was concentrated.
The residue was purified by preparative TLC (EtOAc/MeOH = 5:1) to afford 73 as an orange solid
(20.8 mg, 0.0683 mmol, 52%) and 32aa was recovered (9.2 mg, 0.0403 mmol, 31%).

2,3-Diphenyl-6,7,8,9-tetrahydro-1H,5H-pyrazolo[1,2-a][1,2]diazepin-1-one (73). IR (neat):
3421, 1619 cm™; "TH NMR (300 MHz, CDCl;): § 7.61-6.97 (m, 10H), 4.31-3.99 (m, 2H), 3.86-3.54
(m, 2H), 2.00-1.57 (m, 6H); *C NMR (101 MHz, CDCl3) § 161.2, 146.4, 131.8, 129.8, 129.6, 129.5,
129.0, 128.2, 127.9, 125.6, 106.8, 48.4, 42.9, 29.1, 28.6, 28.1; HRMS (ESI): m/z [M + H]" calcd for
C20H21N>0: 305.1648, found: 305.1641.

Transformation from 32aa to 74 [Scheme 37|. To a solution of 32aa (80.0 mg, 0.350 mmol) in
CH,Cl, (3.5 mL) was added EtOTf (136 uL, 1.05 mmol). The mixture was stirred at rt. After 4 h, the
mixture was concentrated under reduced pressure. The residue was purified by flash silica gel column
chromatography (NH silica gel) (EtOAc/MeOH = 10:1) to afford 74 as a pale yellow solid (130.3 mg,
0.321 mmol, 91%).
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Migration reaction of aminimide 70 without Aul [Scheme 38]. A solution of aminimide 70 (33.5
mg, 0.147 mmol) in PhCI (3.7 mL, 0.04 M) was stirred under reflux for 12 h. Then, the reaction
mixture was concentrated under reduced pressure. The residue was purified by preparative TLC
(EtOAc/MeOH = 3:1) to afford pyrazolodiazepine 32aa (3.3 mg) and aminimide 70 (17.0 mg, 51%).

Migration reaction of aminimide 70 with Aul [Scheme 38]. To a solution of aminimide 70 (22.7
mg, 0.0994 mmol) in PhCI (2.5 mL, 0.04 M) was added Aul (3.2 mg, 0.0099 mmol). After being
stirred under reflux for 12 h, the reaction mixture was concentrated under reduced pressure. The
residue was purified by preparative TLC (EtOAc/MeOH = 3:1) to afford pyrazolodiazepine 32aa
(20.9 mg, 92%).

Cyclization-migration reaction of alkynylhydrazide 31aa with TEMPO [Scheme 39]. To a
solution of the alkynylhydrazide 31aa (30.0 mg, 0.131 mmol) in PhCI (3.3 mL, 0.04 M) were added
Aul (4.2 mg, 0.0131 mmol) and TEMPO (61 mg, 0.393 mmol). The reaction mixture was stirred
under reflux for 12 h. The reaction mixture was cooled to rt and evaporation under reduced pressure.
The residue was purified by preparative TLC (EtOAc/MeOH = 3:1) to afford pyrazolodiazepine 32aa
(26.3 mg, 88%).

Preparation of alkynylhydrazide 75 [Scheme 40]. To a solution of phenyl propiolic acid (400 mg,
2.50 mmol) in THF (7.1 mL, 0.35 M) were added 1,1-dibuthylhydrazine trifluoroacetate (774 mg,
3.00 mmol), TEA (1.46 mL, 10.4 mmol) and finally DMT-MM (829 mg, 3.00 mmol) at rt. Then, the
mixture was stirred for 2 h. After stirred, the mixture was quenched by water and extracted with
CHCI; three times. The combined organic layers were dried over MgSOs, filtered and concentrated.
The residue was purified by silica gel column chromatography (Hexane/EtOAc = 1:1) to afford 75 as
an orange oil (230 mg, 32%).

N, N’-Dibutyl-3-(p-tolyl)propiolohydrazide (75). m.p.: 86 °C; IR (neat): 3018, 2217, 1615 cm';
"H NMR (300 MHz, CDCl;): & 7.59-7.34 (m, 2H), 7.26-7.05 (m, 2H), 6.66 and 6.43 (br s, 1H), 2.96-
2.49 (m, 4H), 2.38 (s, 3H), 1.68-1.15 (m, 8H), 1.12-0.73 (m, 6H); *C NMR (75 MHz, CDCL): §
158.3, 152.8, 140.6, 140.4, 132.4, 129.3, 129.2, 117.8, 116.9, 91.3, 86.0, 81.7, 81.5, 59.1, 58.2, 29.0,
28.9, 21.6, 20.3, 13.9, 13.9; HRMS (ESI): m/z [M + H]" caled for CisH27N,O: 287.2118, found:
287.2117.

Crossover experiment of alkynylhydrazides 67 and 75 [Scheme 40]. To a solution of the
alkynylhydrazide 67 (50.0 mg, 0.231 mmol) and 75 in PhCI (11.6 mL, 0.04 M) was added Aul (15
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mg, 0.0462 mmol). The reaction mixture was stirred under reflux for 12 h. The reaction mixture was
cooled to rt and evaporation under reduced pressure. The residue was purified by preparative TLC
(Hexane/EtOAc = 1:1) to afford pyrazolone 68a (13.4 mg, 15%), 68b (8.4 mg, 8%), 68¢ (8.6 mg,
8%), 76a (15.1 mg, 14%), 76b (19.5 mg, 15%) and 76¢ (14.7 mg, 12%).

1,2-Diethyl-5-phenyl-1,2-dihydro-3 H-pyrazol-3-one (68b). IR (neat): 2978, 1552 cm™'; '"H NMR
(400 MHz, CDCl3): 7.58-7.30 (m, 5H), 5.77-5.57 (s, 1H), 4.21 (q, J= 7.0 Hz, 2H), 3.99 (q, /= 7.2
Hz, 2H), 1.41 (t, J= 7.2 Hz, 3H), 1.35 (t, J = 7.2 Hz, 3H); 3C NMR (101 MHz, CDCL): § 162.4,
144.4,130.9, 128.7, 128.6, 128.4, 90.4, 64.6, 44.0, 15.7, 14.9; HRMS (ESI): m/z [M + H]" calcd for
Ci3H17N2O: 217.1335, found: 217.1334.

2-Butyl-1-ethyl-5-phenyl-1,2-dihydro-3H-pyrazol-3-one (68c). IR (neat): 2959, 1510 cm™'; 'H
NMR (400 MHz, CDCl3): 6 7.51-7.29 (m, 5H), 5.69 (s, 1H), 4.14 (t, J = 6.6 Hz, 2H), 3.99 (q, J =
7.2 Hz, 2H), 1.81-1.73 (m, 2H), 1.50 (m, J = 7.3 Hz, 3H), 1.35 (t, /= 7.3 Hz, 3H), 0.97 (t, /= 7.5 Hz,
3H); BC NMR (101 MHz, CDCl3): § 162.8, 144.6, 131.1, 128.8, 128.7, 128.6,90.5, 68.9, 44.1, 31.5,
19.3, 15.8, 14.0; HRMS (ESI): m/z [M + H]" calcd for CisH21N,O: 245.1648, found: 245.1647.

1-Butyl-5-(p-tolyl)-1,2-dihydro-3H-pyrazol-3-one (76a). IR (neat): 2965, 1525 cm™'; "TH NMR
(400 MHz, CDCl3): 6 7.32-7.17 (m, 4H), 5.63 (s, 1H), 3.91 (t, J = 7.2 Hz, 2H), 2.40 (s, 3H), 1.82-
1.64 (m, 2H), 1.30-1.11 (m, 2H), 0.81 (t, J = 7.2 Hz, 3H); *C NMR (101 MHz, CDCl;): § 161.7,
145.7, 138.8, 129.4, 128.9, 127.9, 91.1, 48.5, 32.4, 21.4, 19.8, 13.7, HRMS (ESI): m/z [M + H]"
calcd for Ci4H19N2O: 231.1492, found: 231.1490.

1,2-Dibutyl-5-(p-tolyl)-1,2-dihydro-3H-pyrazol-3-one (76b). IR (neat): 2959, 1515 cm™'; '"H NMR
(400 MHz, CDCls): § 7.32-7.17 (m, 4H), 5.64 (s, 1H), 4.20 (q, J = 7.2 Hz, 2H), 3.92 (t, J = 7.3 Hz,
2H), 2.40 (s, 3H), 1.77-1.70 (m, 2H), 1.40 (t, J = 7.1 Hz, 3H), 1.25-1.15 (m, 2H), 0.82 (t, /= 7.3 Hz,
3H); *C NMR (101 MHz, CDCLy): § 162.4, 144.9, 138.4, 129.3, 128.7, 128.1, 90.1, 64.6, 48.8, 32.4,
21.3,19.7, 14.9, 13.6; HRMS (ESI): m/z [M + H]" caled for CisHa7N,O: 287.2118, found: 287.2113.

1-Ethyl-5-phenyl-1,2-dihydro-3 H-pyrazol-3-one (76¢). IR (neat): 2960, 1516 cm™'; "TH NMR (400
MHz, CDCl3): 6 7.34-7.09 (m, 4H), 5.63 (s, 1H), 4.12 (t, J = 6.6 Hz, 2H), 3.91 (t, /= 7.3 Hz, 2H),
2.39 (s, 3H), 1.83-1.65 (m, 4H), 1.53-1.43 (m, 2H), 1.24-1.14 (m, 2H), 0.96 (t, /= 7.3 Hz, 3H), 0.81
(t, J=7.3 Hz, 3H); ®C NMR (101 MHz, CDCl;): § 162.6, 144.9, 138.3, 129.2, 128.7, 128.1, 90.1,
68.7,48.8,32.4,31.4,21.2,19.7,19.2, 13.9, 13.6. HRMS (ESI): m/z [M + H]" calcd for CisH23N,O:
259.1805, found: 259.1801.

TBAI-catalyzed cyclization-migration reaction of alkynylhydrazide 31aa. [Scheme 41]. To a
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solution of the alkynylhydrazide 32aa (50.0 mg, 0.219 mmol) in PhCl (5.5 mL, 0.04 M) was added
TBAI (8.1 mg, 0.0219 mmol). The reaction mixture was stirred under reflux for 12 h. The reaction
mixture was cooled to rt and evaporated under reduced pressure. The residue was purified by
preparative TLC (EtOAc/MeOH = 3:1) to afford pyrazolopyridazine 32aa (32.4 mg, 65%), aminimide
70 (5.0 mg, 10%) and impure 31aa (10.6 mg, 21%).

Cyclization-migration reaction of hydrazide 26aa with Aul [Scheme 44]. To a solution of the
alkynylhydrazide 26aa (48.2 mg, 0.22 mmol) in PhCI (5.0 mL, 0.04 M) was added Aul (7.3 mg, 0.022
mmol). The reaction mixture was stirred under reflux for 0.5 h. The reaction mixture was cooled to rt
and evaporated under reduced pressure. The residue was purified by preparative TLC (EtOAc/MeOH
= 20:1) to afford pyrazolopyridazine 27aa (28.8 mg, 60%).
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