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General Comments.

All reactions were performed under N, atmosphere in oven-dried glassware with magnetic stirring.
Solvents were dried and distilled prior to use according to the standard methods. Unless otherwise
indicated, all materials were obtained from commercial sources, and used as purchased without
dehydration. Flash column chromatography was performed on silica gel (particle size 10-40 um, Ocean
Chemical Factory of Qingdao, China). Nitrogen gas (99.999%) was purchased from Boc Gas Inc. 'H
NMR and 3C NMR spectra were recorded in CDCl; at Bruker 400 MHz spectrometers, TMS served as
internal standard (8 = 0 ppm) for 'H NMR and '3C NMR. The crystal structure was determined on a
Bruker SMART 1000 CCD diffractometer. Mass spectra were obtained using an electrospray ionization

(ESI-TOF) mass spectrometer. Melting points were determined on a T-4 melting point apparatus.
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General procedure for the synthesis of ynones 1!

ol
1) n-BuLi P
= 0 THF,-78°C =
©/ ' AOEt 2) BF3 E0,
THF, -78°C

1a

To a 100 mL flame-dried Schlenk tube were added phenyl acetylene (255 mg, 2.50 mmol) and 40 mL dry
THF. The mixture was cooled to -78°C and n-BuLi (1.1 mL, 3.0 mmol, 2.75 M in hexane solution) was
added slowly and the mixture left to stir for 30 min at -78°C. Then EtOAc (265 mg, 3.0 mmol) in 20 mL
dry THF was added over 10 min followed by addition of BF;3-Et,O (0.40 mL, 390 mg, 2.75 mmol). The
mixture was kept at -78 °C for 30 min before being allowed to warm to room temperature. After 30 min
the mixture was quenched with 10 mL saturated NH4Cl(aq). Following extraction with EtOAc (3x20 mL).
The organic phase was washed with 20 mL brine and dried over Na,SO,4 and the solvent was removed in
vacuo. The crude product was purified by column chromatography (PE/EA = 20/1) to give 4-phenylbut-

3-yn-2-one 1a as a brown oil (331.6 mg, 89% yield).

General procedure for the synthesis of benzylidenepyrazolone 2[%]

R
o /
M__co,et _ NHoNHPh Wo RCHO I o)
2 —_— = N\N —_— N\N
\ MgO,MeCN \
Ph Ph

Phenyl hydrazine (10.5 mL, 0.1 mol) was taken in 40 mL of glacial acetic acid and methyl acetoacetate
(12.7 mL, 0.1 mol) was added to it and stirred at reflux for 3 h. Thereafter the reaction mixture was
evaporated to dryness and to the residue was extracted with water (40 mL) and EtOAc (40 mL). The
organic layer was separated whereas the aqueous layer was further extracted with EtOAc (2 x 40 mL).
The combined organic layer was dried over anhydrous Na,SO, and concentrated over reduced pressure to
afford pure product as a white solid.

A mixture of the corresponding aldehyde (19.9 mmol), 3-methyl-1-phenyl-1H-pyrazol-5(4H)-one (19.7
mmol), MgO (0.5g) in 40 mL acetonitrile was refluxed with stirring overnight. The progress of the

reaction was monitored by TLC. After completion of the reaction, MgO was separated from the reaction
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mixture by filtration. The excess acetonitrile was removed by evaporation, The combined extracting was
concentrated and the residue was subjected to column chromatography to provide the crude product, and

recrystallized from 95% ethanol.

General procedure for the synthesis of bisphosphine catalysts

Br Mg MgBr CIPPh PPh;
s N/ Brlvlg/—\—/ — PhZP/—\—/

I2

Synthesis of 1,4-bis(diphenylphosphino)butane (DPPB):[’!

To a solution of a small crystal of iodine in THF (50 mL) was added of magnesium (69 mol, 1.67 g)
under N,. After stirred for about 5 minutes, a solution of 1,4-dibromobutane (24 mmol, 2.9 mL) in THF
(50 mL) was added dropwise slowly. After stirred for 3h, a mixture of chlorodiphenylphosphine (40
mmol, 7.2 mL) in 50 mL of anhydrous THF was dropwise added over 30 minutes at 0 °C. Then the
reaction mixture was allowed to be warmed up to room temperature and stirred overnight. The resulting
mixture was carefully evaporated to remove most of the solvent, then 5 mL of water was added dropwise.
The mixture was filtered, and the water layer was extracted by CH,Cl, (3 x 30 mL). The combined
organic layer was dried over anhydrous Na,SO, and the residue was subjected to column chromatography
to provide the product as a white solid. 'H NMR (300 MHz, CDCls): 4 7.34-7.44 (8 H, m), 7.30-7.33 (12

H,m),2.04 (4 H,t,J=7.5Hz), 1.62-1.54 (4 H, m). 3P NMR (81 MHz, CDCl;): & -16.6 ppm.
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Characterization date for the ynones

AN
(@)

1b
4-(m-tolyl)but-3-yn-2-one (1b): Eluent: petroleum ether (PE)/EtOAc (20:1). Yield: 89% (352 mg).
Brown oil. "TH NMR (400 MHz, CDCl;) ¢ 7.30 (s, 2H), 7.17 (s, 2H), 2.35 (s, 3H), 2.26 (s, 3H); 3C NMR
(101 MHz, CDCl;) 6 184.6, 138.5, 133.5, 131.7, 130.2, 128.5, 119.7, 90.7, 88.1, 32.7, 21.1.

AN
(@]

Et
1c

4-(4-ethylphenyl)but-3-yn-2-one (1c¢): Eluent: petroleum ether (PE)/EtOAc (20:1). Yield: 84% (362 mg).
Brown oil. '"H NMR (400 MHz, CDCls) 6 7.50 (d, /= 8.0 Hz, 2H), 7.22 (d, J = 7.9 Hz, 2H), 2.68 (q, J =
7.6 Hz, 2H), 2.45 (s, 3H), 1.25 (t, J = 7.6 Hz, 3H); 13C NMR (101 MHz, CDCl;) ¢ 184.7, 147.7, 133.2,
128.3,116.9,91.1, 88.2,77.4,77.1,76.8, 32.7, 29.0, 15.2.

N\
o

Cl g
4-(3-chlorophenyl)but-3-yn-2-one (1g): Eluent: petroleum ether (PE)/EtOAc (20:1). Yield: 76% (340

mg). Brown oil. '"H NMR (400 MHz, CDCly) 6 7.56 (t, J = 1.7 Hz, 1H), 7.48-7.38 (m, 2H), 7.33 (t, J =
7.9 Hz, 1H), 2.46 (s, 3H); 13C NMR (101 MHz, CDCls) § 183.3, 133.5, 131.6, 129.9,130.1, 128.9, 120.6,
87.7,87.1,31.7.

=
~
\
S 4n

4-(thiophen-2-yl)but-3-yn-2-one (1h):Eluent: petroleum ether (PE)/EtOAc (20:1). Yield: 83% (311mg).
Brown oil. '"H NMR (400 MHz, CDCl3) 6 7.60-7.36 (m, 2H), 6.98 (dd, J = 5.1, 3.8 Hz, 1H), 2.34 (s,
3H).3C NMR (101 MHz, CDCls) 0 184.0, 136.8, 131.8, 127.8, 119.6, 92.9, 84.3, 32 4.

S5



The 'H and 3C NMR spectra of compounds

zjy- 20170917 CH3-403

(=g TelTsRts]
PROTON e o3 ) o
I~ [ o Na ]
N/ ~
[
o]
\'l'
= I‘
1b i J.
'H NMR, CDCls, 400 MHz
|
gl J :
L LAV ) A
i i
O < o
£ ).
oo © ™
T T T T T T T T T T T T T T T T T T T T T T T T T
lo.5 1.0 45 9.0 B85 EBO 7.5 7.0 6.5 6.0 b 5.0 4.5 4.0 35 30 2.5 20 L5 L0 .5 0.0 -0.5 -1L.0 -L5 -20
fl (ppm)
2iv-20170917-CH3-403 P R
C13CFD 0 N O 0~ @ o =
= WO~ OB o o= e
@ DO ON— oo o =
- —_ e = & M © ™
| sl Y4 I
o]
= g

1b

13C NMR, CDCls, 101MHz

T T T —T
270 250 230 210



zjy-20160504—-2-406— o 0 — — @~ 00N I~ 0 O
test SRS e - © @O =7 [ A8 Bl
[ 4o NN ——
W0 NP NP
If. |
o]} ||
h f |
[ | = |'
| | ‘
. H 1 | |
|| | ¢ || |
J L - I
H NMR, CDCls, 400 MHz
|
| I
| || ]
[l
]
2 L 4y o e s
[ (] M~ o [5)]
0, Py =, =
= ™ [ o B o5 o
T T T T T T ' T T T ¥ T T T ¥ T T T ¥ T T
EN] B0 7.5 6.5 6.0 5.5 ) 4.5 4.0 3B 3.0 2B 20 1.5 Lo L B 0.0
f1 (ppm}
zjy-20160504-2-406 o @ o3 - w
test e «©« oo @ e = o
2 i o8 = = Sy L
| (. | oof (!
o]
Z
Et
1c
3CNMR, CDCl3, 101MHz.
|
]
|
i J
¥ T ¥ T T ¥ T T T T T ¥ T T o ¥ T T
180 170 160 150 140 130 120 110 100 90 60 30 20 -10

T T T
210 200 180

fl (ppm)



=)

7

e Co—

19

Cl
H NMR, CDCls, 400 MHz

=00'¢

Lo

5 2L Le—

2.0

o

3.0

W

ZLi8~
§9/87

4.0

£l (ppm)

lg0gl—
88'8¢l
o mm_mm_‘W
ol mo_om_‘.\w
qm._‘m_‘\.
wm_mm_‘

6.0

0

LZe8l—

8.0
2§y 20170427-2-402

C13CFD

7

1g

Cl
13C NMR, CDCls, 101MHz.

, I ’..

T T
110 100 a0

T
120

T
140

T
150

T
160

T T
190 180

T
200

f1 (ppm)

S8



735
799
T4E
74%
7 40
748
7.39
7.39
£.99
£.98
5.98
5.97

]

A\

1h

H NMR, CDCls, 400 MHz

—2.34

| ,
L o T
) = (=]
£ L= o
o™ - @
T T ol T T T ¥ T T T 1 T T T T T ¥ T T T T
] 8.0 7.5 7.0 6.5 6.0 BB 5.0 4.5 4.0 3B 3.0 2.5 2.0 B Lo LB 0.0 —0.5
£l (ppm)
zjy201805623=¢ 402 5O -
C13CFD a P 00 P w w (=] o4
= W0 — P~ > @ © =
[is) Mo — o ~ o
- —— — o [vs] ©
| PP | | |
o]
| Y—=
]
13C NMR, CDCl3, 101MHz.
]
]
]
|
| | [
. T v T v T v T T T T T T T T T T T T T T T T T T T T T T T T T T
180 180 170 160 150 140 130 120 110 100 90 &0 0 60 50 40 30 20 10 0
f1 (ppm)

S9



LBl—

ee'e—

62 .
zZer-
LS~
ps "

H NMR, CDClz, 400 MHz

TN |

8

Fpog

FZ0'E

Fooz

hpoz

PO'L
wmo_m
=#50')

2.0

3.0

4.0

6.0

I}

8.0

LFol—

69'6Z—

L8 —
G8'pPe—

o8P,

GE'5Z1

Lo T

L0821
ZC'8c )
£€8C)
GE'B8CL
8¥7'8Z 1
85'8¢C )
7982 1
96'8C )1
056C)1
98621
86621

|

re'eel

rLEEL W
mh.mmvw

mq_mm%

SELE

om_mmf\'

6E'9rL

0585L—

SLLLL—

2 iy~ 2018081 =@-407
~ o
)
o™
|

13CPD

13C NMR, CDCls, 101MHz.

T
-20

T
=10

10

T T
80 B0
fl (ppm)

T
100

T
110

T T T T
190 180 17 160

T
200

T
210

S10



L8~
6L

Fe—

58P~
se'~"
09't~.
ek

2 jT-20170321-3-4

test

H NMR, CDCl3, 400 MHz

oo'e
Nwo.m

70’

Fioi
Foo't

L =5 £ LI

8.

bEGL—
= [00Z—
“ Z9pz—

85 ip—
Z8'eq—

A

o L0'€ZL

T aEeE
L5921
vl Ll

_atmmm_hm_:
= GG LZL
9L LT
w98 LT
< 9r'Bzl
1S'8Z1
Z6'82 1
= pYLEL
© | LLZEL
£8'Zel
£L'9TL
@ 68981
“LL8EL
rgpld

e

= BFiSI—

g8'0LL—

i)

8.0
2

A
w© m
o 0
=)
i

5
zjy-2017032

C13CFD

13C NMR, CDCls, 101MHz

T T
=20 -3

-10

10

T
30

40

T
100 o0 &0

T
110

£l (ppm)

S11



- €ozZL—
Lok TNERSS—— o 00l = BGZZ
€0} : Aggz| - et
, 182z
g0k Z61T
w Le igze—
(¥ e \[I"l =i0T
Fo 0Zib—
e 5005
mmNW = - = i
592 w g
197 SR = Lo
£es - Fvol 67'G9—
012 | -
0P 6Ll
LT
Fes VB PTL
66'9Z 1
5121
: L= PPLZL
S e == a0l ¥ _ 5221
) g 16LZ1
Wl A
T ZPBTL
LO'6Z1
- ob'ezl
A — = ||ch B N or'Lely
i ” * 8rzel
95 o Z62TI
6701 | o BL8EL~
1891 W LTLEL
G0'L1 ey LT
L0 CLOP~
R LS 9Lipl
5l
MK. pgLGL— =
1 _ 20T : =
mmrr g Eioe ZE0LL— o
08 LA <+ %No.m - m =
L o 202 =2
9Lt - 8 Jz0 7
ar'L (3 #B0E| w s
o 5 =
m s At 161 7
6L~ as — Ol LBl -
261~ == I — *ee0r 3 wo S
5 2
Lig 2
RE & 8
kel

30 20 10
S12

60 40

100 90 B0

ppm)}

200 190 180 170 160 il 140 130 120 110
fl(

210

20



g8ll—

re—

2§y~ 20181125-2-407

'H NMR, CDCl3, 400 MHz

|

FZ0'e

*=e0'g

FioL

oo

FlLoz

LT

£0'G
MB_N
f50'g
*10€

=80'
G0k

Lo

20

o

3.0

]

=
=

6.0

]

fl (ppm}

rr9L—

395¢—

LL 8y —
LCrs—

oB%7P,
Pr6LLT

o O |

50821
10821
9z'9Z11
er'8ZL]
268211
85'8Z11
69'8Z)1
LL'8TL
68211
Loezif
Zr6Tl
mm_mm_zw

Z20'0rl
Nw\_mw_‘.\‘

£€85L—

98’ LLL—

‘96L—
Log—

= 20168§2pq1-402

ClicFp ™ &

13C NMR, CDCls, 101MHz.

a0 20 10 0 -10

40

[r=1

60

130 120 110 100 90 B0

140

190 180 17 160

200

210

fl (ppm}

S13



VgL —
98
807~

6Ee—

£8P~
e
B
z9p

27201704

PROTON

H NMR, CDCl3, 400 MHz

——

.

i

woo_m
VO'E

po0'e

Froe

kg0

ﬁvoc__‘

o'l

20

i)

=i

=T 96'LZ1

=}

i)

8.0

ZTGh~
0g'8l

:q_mrw
09 vz

9 ip—
Lges—

ARy
2821
e

€047}
984711
062711
_6G4ZH
£ 28'L211
" gp8zi
L§'8Z)
68'8Z 11
06'6z+4
80'0€}+
zULE)
£8'TELL
§e'5El

S¥'Sel
hm_wm_‘\\
298¢l
oﬁmv._‘\
P9 LGL—

S60LL—

248561 —

g
o
o
=1
i

zjy—20170408-

C13CFD

3

H

Je

3CNMR, CDCls, 101MHz

T
—20

=10

T T T T T T T
1 160 150 140 130 120 110 100 o0
£l (ppm)

T
180

T
210

T
220

S14



-10

20 10 0
S15

30

|
00'z— e M FLoera
i 90'9L—
7 — —_— - — Feogl i
85'62—
188y
B 60
I 65 ra—
0e'y )
i g == Foo
057~ s = of ¥
el 5 w Hel
LB
i -l
, | = m_‘_mm_‘/
o . i A E_mmr/
pa'g \ 3 ﬁvmo b | LS'BEL
e €98zl
: _ | = 8.8Z)
wm_w s —_— Toe < 0e6zl
: _ Y6zl
692 26621
WL o EVZPL
et ) Fe  ggapl’
pLL _
ih . 90'651 — )
gL T EOR S &
i — s e = Mo s
e B HM‘[M\ hzo9 erLL— =
; o * L o
L = _ ]
Sv'2 9 I—— | -
67 L S e | =
V5L o S
o - M [~ =
mm o m = el Lo z
g wils o -
m I i a
m 5 T8
mm L= o

100 a0

fl (ppm)

110

190 180

200

210



98’ —

re—

er'y

E.wM
0gv-r
mw_wl\

PROTON

s

H NMR, CDCls, 400 MHz

.

A

A

Fioe

Faoe

Fes0
Fooy

Foo'
ool

Ngo)
hsog
607
oL

Fsoe

=)

0

f1 (ppm)

ap'aL—

£9'6G2—

91'08~
521G

LL9g—

Lol

LE6L)
20T
AR
0€'5Z1
249z
658711
£5'8711
98z
16'82) 1
57521
956241
B_mmrw
1528}
0L eol
LZseL 7
Ly LE)
98¢l

0L6L—
6 00z—

w2

2j7-20180522

CL3CFD

13C NMR, CDCls, 101MHz.

-10

T
a0 20 10

40

T T
110 100 90 80
fl (ppm)}

T
120

T T T T
200 180 180 1 160

T
210

S16



08—

le'g—

i
-3 ad
LLp~
pit"

w
[}
-
=
=
L
o
I

.
&

A

'H NMR, CDCl, 400 MHz

Feso

%oo__‘

L& 8lL'EgLY

[T}

B6E9lL—

99'88—

rL8r—
LLP8—

e
[ TA%
2957 ]

R4S
Pl 9Z 11
08 L2 11
8L
618211
£5'8211
\m 85'8C11
~ 298211

6176241
Loezlg
E_mmiﬁ

o LEl
8.2l
ezl
6 cel
raeclh
9g'Lel
Loovl

9g8'881—

26 b LLl—

FOL6L—

—
i
(=)
i)

2j7—20180518-1=40)

C13CFD

3h
13C NMR, CDCls, 101MHz

T T T T T T T
1 160 150 140 130 120 110 100
£l (ppm)

T
180

T
10

T
220

S17



SZ'1
mN__‘W e
A

gLl—
A
0]

:w_NV.

z iy 20170925

FROTON

H NMR, CDCl3, 400 MHz

L.

.iUw -20'¢

|.Hw =80t
3 =00¢€

5 MND.M

0

=80¢
=80}

I

= =00’

T ST

TNOO T T (N

|
5

OO HOOO~-—O0OMm
e e R e C

—

1.0

0.5

0.0

3.0

=)

3.
f1 (ppm)

4.0

45

Wzl
el
1002
€202
98z~

BY L~
Ler

029~

1128

0r'8l1 1

Sz
plpzL
8’571
oLzl
88 LTH
8S'/ZL
L9'4Z1
L 8Z 1
5¢'8Z1
89'8Z 11
£9'6Z 1
08'95k
LLiEL
ZeLEL

T

89'9vl —
Ze LSl
mq_nm_‘v.

L8'0LL—

8g' L6l ~

0
I
=
(=)
o™

\

T0925-1-4

zjy—201

C13CFD

13CNMR, CDCl3, 101MHz.

20 -0

-10

30 20 10

40

210 200 180 180 171 160 150 140 130 120 110 100 i) ED
£l (ppm)

220

S18



piL
pB' L~
L2~

8e'e
mm.wv.

0P~

o) od

LO'S~
v0's~"

T0925¢5

zjv201

PROTON

3

'H NMR, CDCl3, 400 MHz

sh M,

[N

NOOos
T
600060

- 80

- 60

Uh“l

2.0

3.0

4.0

o
&

6.0

8.0

0L Eh~,
ziie
mENW
8r'1z
lyerad

LE'8p—~
7S Le—

aaial

0£'S2 1

965}
VR
89'9Z
SLLZH
9¢'8Z 1
€524
68711
06'8Z41
56'8711
296741
R |
06'0€ 41
PeZELA
Lreel
pLigl

mo_mmrw
geegl

coerl—

65851 —

€6 LLL—

[092

zjy201
test

13C NMR, CDCls, 101MHz.

-10

30 20 10

40

130 120 110 100 90 B0
f1 (ppm)

140

210 200 150 180 170 160

20

S19



G0'L
L0
60'L—
0g'L—+¢

rel
0g'L—
8E'C
om.m/
4=N4
vi'e
w\..NW
mh.N%m
oge

N
op b=
297~
sop/

N
hmw%
b2t
9T L,
gLy
ver/

o
o ©
I~
Nt

2 jy—20160526-1-40

PROTON

H NMR, CDCl3, 400 MHz

|

(P

FzZ0'e
=60t

Froe

¢
Agiz
0T

Frol

Foot

3.0

3.5

[=]
i

f1 (ppm)

LLEL
m_‘_m_‘W
LZ'S8l
G6'SZ~
9L'88—

82'8p—

6215

gg'9g—

51024
£9'5Z 11
LB LTI
0082}
978241
5F'82 1
6% 8T 41
£9'82 )1
99671
8L 0¢L
8F LE L
mmmm:w
80'CELE
S6'9TL
8L ieLT
958¢l

L8SPL
hm@qﬁ\
86 LyL

06'85L—

P LLL—

w

86L—
Log—

i 201514823402

ClacFpD 9

13C NMR, CDCls, 101MHz.

20 10 0 -10

a0

120 110 100 G0 :11)
f1 (ppm)

130

140

200 190 180 17 160

210

S20



2jy-20181122-1-407

H NMR, CDCls, 400 MHz

|

J

B LLLM_JL

I

1

'

=Zl'e
*g0'e

Froe

Fi0€
vl g
reoe

Fioe

Feou

Foo'L

[00'}
660
00}
601
zZ0'9
z0z
oLz
00

=50}
E-L0')

80wl
w_‘,m_‘W
Zesl
€658~
LLBE

gg ey
€58
P8 e~

gL 89—

13CPD

13CNMR, CDCls, 101MHz.

T
-20

-10

T
ei]

T
110

T T T T T
17 160 150 140 130

T
180

T
200

T
210

T
120

f1 (ppm)

S21



50°L

L0

60°L

621 o
0g'h N

4"

el

Sel

68— e
8E'¢

9v'Z

8¥'e —
0S¢ —
Nm_w.\

pLe B
9L'g

8L'¢

6L'¢C

58'¢

mm_mw g
88'¢ S
06'¢

LEP .
pe' - ~
95 b~ .
09'v

3m
'H NMR, CDCls, 400 MHz

zjy-201

PROTON

=EL'e
=00'9

Fso¢c

Fompmi

80'c
Aoz
vOL'g

e

Eil

Foow

Foov

ZLz
WME_N
L)
g6’}
09

=80}
g0l

6.0

o

vl
LO0'S1

6551~
/

e al

0462\
89'82~

28'8g

S0ep—
P re—

pee8—~
rPE89—

ZOPLL

09'6}11
61621
99'6Z 11
€182}
0Z'8Z1
S€'8Z41
Y8z
958711
69'6Z}1
Z€ 184
ORI
282eh
LY EELy
PS5 LI
zi'88hA

L

|
E
E

SEBELE

al'avl
Nw_mw_‘w
Nm.mq_‘.\.

v evl

er'8S L,
188517

€6 b Ll—

1402

T0EE
clace S 9

zjy—201

96L—
Qozoe—

ofr E

Im
3CNMR, CDCls, 101MHz.

T
-1C

&0

B0

a0

T T
130 120

T
140

T
160

T T T
200 190 180

T
210

f1 (ppm)

S22



08V
e~
PN

mq_NM

6EP,
2=
29 v~
cop’

2y 2018060

PROTON

'H NMR, CDCls, 400 MHz

|

A

fpoe
L0

00'¢
mqo_m

Fe0l
Foos

Fro'e

P09
#20'C
G609
=02

=B0'L
=801

5

5

=1
=

=

BP9~
Lie

A _‘NV
ich=tAd

8.'8p—
LE'PS—

A

s
L2521
€L LT
86421
L€'8Z 1
8e'8Z11
098211
8671
b9'6Z 11
6967}
loLel 4
8L LELY
05281
66'€EhE
B LEL
b 86l
b2 BEL

L66E)

qm,oq%
8 9p)

2985, —

f1 (ppm)

e LLL—

540
& O
— I~
o
o
s =1

4

zjy—201 80605

C13CFD

a
X
o

13C NMR, CDCls, 101MHz.

T T T T
130 120 110 100 a0

T
140

T T T T
190 180 17 160

T
200

T
210

T
120

f1 (ppm)

S23



L5 L— —

98— — -

Huelle

15e— — .

S9e— e M
’ -
E:

L P i z
A ~
€9 P~ & [y
99y~

'H NMR, CDCl;, 400 MHz

zjy-20180

Fe0'e

=50'e

=09

Fi0'¢

Fro'l
Foou

kgl'g
Moz
¥0L'Z
vI0'€

=0}
=0’

3.0

4.0

6.0

8.0

f1 (ppm}

rs9l—

69'5C—

LLBY
L1'SS
9255
655

€E'99—

SLwhly
9Ll
656111
TS
GE5Z 1
9T
[AWrA%
cosZlfil
8Tl
048217
Nm_mw_Lm
mo_om_‘v.
m_‘_om_‘.\

[—4-ochd—w

G
c0z—

zjy 201806165240
o o

13CPD

(=]
@
=

OMe

3o
3CNMR, CDCls, 101MHz-

-10

T T
20 10

T
30

T T
100 a0 B0

f1 (ppm)

T
110

T T T T
1 160 150 140 130

T
180

T
200

T
210

S24



68" L~
€6’ L

LEE—

88'e—

Le'E—

88
L

[EhaN
iR

'H NMR, CDCls, 400 MHz

sy pooe
||IJ,|.N3“

~——2 208

=00'e

wLall

Feoe

== Feol
= Foot

16

20

2.4

2.8

3.2

L6

4.0

4.4

6.4 6.0

6.8

8.0

Prol—
bbe—
P95C—
0L'62—

£9'8p~
A=
tn_mmu.

5€99—

elhlq
8C' Pl
956117
£0'vCl
0€'8Z1
g9zl
1821
18211
S9eZi g
L 8CIA
B0'0€ b
961

TIE T

6L zel{
T
Zgi€)
hm_hm%
LYBEL
ol'syl
68851
E_GSW
€l'Lol

glell—

—oshi—3—ch3

=4
B
o™ W
o M
o
[

=iy 20180616-3-40

C13CFD

OMe

Ip
3CNMR, CDCls, 101MHz.

0

B0

T
100
fl (ppm)

T
110

T
120

1

T
180

T T
210 200

T
220

S25



'L —

ge'c—

o]
o
~
.
L

zjy— 201806,

S—

! ;_JL_JLL

'H NMR, CDCls, 400 MHz
|

Feo'e

FZ0'e

08

=60'¢

Feot
Foos

Foo't

fgory
/90T
L0
60'L
ey
mmfr
2h'Z
ok
Zo1z

=L0')
*90')

E pS6LLT

S
1

8.0

G89lL—

99'5¢—

L8'sy
_L_qm/
PZ'S5
LS5

£1'99—

Slwhlg
Sl A4y
L8V
8051

9C'EZ L
9r'SZi
V29217
£L8Z1
PE'BZLA
Z6'6Z 1A
68 1LE1A
S9€L

L

i e o

£59pL
LIBS L~
LLO9LF
mr;@r\
L9'eol
06 LI

2 iy~ 201806164

13CPD

B3CNMR, CDCls, 101MHz.

T
30

a0

T
110

T
120

T
17 160

T
180

T
210

T
220

f1 (ppm)

S26



28—

0]

B0~
L

i as
4687
89'9
96'91
96'9
66'91
602
L'
i
zh i
8l'LT
0z L7
7z IA

AR
oz 1/

o
@ @
[
b

2jy-20181125-1-40

H NMR, CDCl;, 400 MHz

|

L+

\

|

Bp0'E

=gl

Fa0'L

ool

3.5 a0

4.0
£l (ppm)

LLg—
£6'5C—

0¥ 8P~
LeLe

859Y

88'5)11

TOOT
029)
56
24571
€187 11
128711
LL8Z)
peoeil
Sr oSl
AT |
8y Leit
0bLEin
asL—
559 b~

9c'8g)
mo_mmrw
£€'Z9)
VSP9L
611l

LE86 L~
S Loz

zjy-20181124-1-402

C13CFD

3CNMR, CDCl3, 101MHz.

-20 30 40

10

230 220 210 200 190 180 1 160 150 140 130 120 110 100 S0
fl (ppm)

240

S27



98'e
88'c
68'e
LB'E
62—
o'

zjy— 2018,

test

OEt

3s

'H NMR, CDClz, 400 MHz

=ge'y

Haoe

+C0'¢

=L0'¢g

o
ool

60°)
=p0'}
ng_q
S p0'y
Sgop

601
%mc._‘

0.

0.0

Lo

2.0

30

(ppm)

o
[t}

6.0

2]

B0

LLpl~
g9l

£9'Gd—

e0'6r—
§e'rs—
82'e9~

sl

8611

[Fl*mye3
Z8'GZ 1
78971
VST
ARA%
LE'8Z 1
558711
L7671
S 6211
9L'6Z )
TENTAR
PZ'0€ b
SOVEL

mm_qm_‘w
00'GEL

mv_mﬂ\
AR}

06'L€h

T

52851
L9'85 _‘v.

FSLLl—

7EE
o -
—
o ;m
o
551

2§~ 201 80608174

C13CFD

OEt

is
133C NMR, CDCl3, 101MHz.

—20

-10

30 0 10

40

210 200 190 180 17 160 150 140 130 120 110 100 a0 B0
f1 (ppm)

220

S28



86'L— Sy

ere— B

yE b~ B

v ~

H NMR, CDCl3, 400 MHz

-ﬂw Feoe

= =F0'C

= lsos

= pooe
-|um 660
T | 80y

5.8

0 6.8 6.6 6.4 6.2 6.0

0g'sl—
L9ve—

L9'8ZLf
6482k W
£6'82 _‘m-
BE6ZL
pLECL
ve el
Le'Pel

98'95L~"
5929l —
V0L~

65661 —

5—4-402

zjy201

C13CFD

3CNMR, CDCls, 101MHz.

S29



150 140 130 120 110 100 90
£1 (ppm)

160

S30

ke
T gog—
— rS  9gbz—
Lo ogip
mo_mwv
8959
Z0E— =go'ghs  SEB0L
L9V
=TT
erZ— S T:‘_m-m BE'PLLA
80'S)}1
€181}
| = BEPTI
- TRk A
6.8} 1
L= 288211
% €LBTH
B Nmmml
| oq vOOSL
, < zZgOel4
62y 1 el
Zev =g, wigilfr | LO0EH]
i = T e SZTLELE
Ly 7 Fooy| e _
by 5 8yl W
£9'LEL
. ozech
TR
LGPl
L Oripi~
:._mv -— 8ol 20'854
6tg _ 6309
0b'9 o gwald  [ELLB)
g el LEE9L
: N p9'eal ;
z8'9 % Lo peos/ <
mmm o Jere =
: =) -dﬂ oLl =)
R =T | = —
: L . 0LeZr e 3
gg'l S = 7z =]
z5'L a —= 00'Z a
€61 O N2 o -
= > -= Jroo Zr. 9656 &
Mm_h m e wm 66L— =
el s - =127 . B w %
[ .MH [ m H
bE L 150

17

190 180 [

200

210




LG

8ge—

Z9'p~
59p"
B8P,
5

w
£
P~
e

'H NMR, CDCl3, 400 MHz

e Toe
= H/A Feog

==
-———= Fol'l

i
= foo's

[\

1
-i.!dlhg Bn
= 66'Z

= 1
—= z20Z
e e Wa_w
— wmo_m
S ) Jef
= wii
||p €0z
/u oot
€0’}
— ¥

2]

8.0

099l—

28'5e—

LP0S—
20'95—

8F'99—

£G'6LLT
826}
LT LTI
29121
AR
878711
£V 8z
£8'8Z 11
15621
L9 LEL
LLTEM

E

90'eE )
Eeel

BZ GEL~E
88'SEL-F

69 9¢)
co0iel
0gLEl
ZL'eel

0251 —

LOgil—

2

27720180601 <444
©
w
(03]
!

C13CFD

@
[}
@
—

|

13C NMR, CDCls, 101MHz.

a0 20 10 0 -10

40

200 190 180 171 160 150 140 130 120 110 100 G0 1]
fl (ppm)

210

S31



88l —

0g'e—
oFe—

AN
6E "
65
Lo

bt
—
=
)
L
=
5

g
&

'H NMR, CDCls, 400 MHz

LMJU\L_H

~

nﬂ

Fzoe

=p0'¢
50¢

660

Fooy

=
i

[f=g™

8.0

g £6'8Z11

e gl —
o0'le—
L9'82—

FL8r—
5875 —

60'99—

696117
60°LZ 1
20821
[ANTAR
B85'8C11

G16ZH
25624
956211
95'6Z1
ZLZEMA

Vm_mm_\//m
Zerel

S_mﬁw
mq_mm_‘%ﬁ

G6'96L—
0s'loz—

2jy~20180518-240

C13CFD

13CNMR, CDCls, 101MHz.

T
o

T
-10

T T T T T T T T T T T T
210 200 190 180 17 160 150 140 130 120 110 100 90

T
220

T
230

f1 (ppm)

S32



0L L—
9t
9.2
L2
082z
e0'E
S0°€
Zve
gl et

zjy-20160614-1

PROTON

Jf S

=)

|
'l

J h." !
'H NMR, CDCls, 400 MHz

el
Lore
Fee
Moz
L6g0

FeEo

3.b

6.0

(.5

f1 (ppm)

g8 el~
oL —

87 6E~,
11687
L1 8P~
£€06-"

mm,wwv
Z4%7%;
86l
P9 SE11
LL'GEL
1691
28 L2
8%7'8211
958211
998211
[FA-TAS
STASTAS
288211
_‘m.mw_:_—
Pl TAS
LE0TIN

62021~
al'ecl
hm_mm_‘.\‘

6'L0Z—

2i-2016051451-404

C13CFD

13CNMR, CDCl3, 101MHz

-10

a0 20 10

40

200 190 180 17 160 150 140 130 120 110 100 90 B0
f1 (ppm)

210

S33



[t} 89'cl— -
[ 02— -

EREA e

S - Froe
Lp'26— -

2.0

L9'8LLT
= 95°0Z L
CPObLS e
8T 1Tl
AR A%
F e 95PTL
Py . BSPTI
ey o B Zh'5Zh
F <= 0T 42
VAR
29T
p— Z0'8T 11
ook op=T4% |
= 9T8ZLf
w  BZ6ZhA
9¢'6Z 1~
o €0LELS
9 glLzel
WZel
0LZE)
LE'SEL
95°LEL
e BEUGL—

'H NMR, CDCls, 400 MHz

e
J98CLE oLuiL—
780C
- %209
00}
o 0L
3 160
5 = L B
860 _

IIQJJ | M,JNWLMLMJW,H

M

(.5

*CNMR, CDCls, 101MHz

Log—

1042 3402

8.
T

zjy201

C13CFD

-2
S34

-10

a0 20 10

40

200 190 180 170 160 150 140 130 120 110 100 G0 &0
f1 (ppm)

210




85—

rPae
99
89'¢

6.2
e’
e
9F'e
8y'e
gg'¢e
65
65'¢
£9'C

96'91
86'91
zh i
€l i
IR
bl 2
Gl'/1
Bl
2z 11
vz i
Pz i
57 1

gz L
mN_@

0421-11#e
Lo
I‘*i- -

zjy 20171

PROTON

'H NMR, CDCl3, 400 MHz

g -

Il

|

b
HT ot
.

u

=50'€

=201l
Fooe

1
w
Q
iR

—80°L

+20'C
el
»20's
A

=460

2.0

4.0

f1 (ppm)

ZLel—

99'6e—

§LBE—

LE9p—

66'P9—

6L9Z1
LeLEL
Le'LEL
v Le _‘\
cr8cl
0g'ee _‘\
Slgel
el
g8LeZel
89'gtl

rl a5l —

L8 —

b og—

0421-1-4§2

zjy—201

C13CFD

*C NMR, CDCls, 101MHz.

a0 20 10

&0 40

130 120 110 100 G0 B0
f1 (ppm)

140

210 200 190 180 17 160

220

S35



82é—

05¢—

ey
g wvn

W

69~ |J% |
698> murmmwa
SL't aﬂ )
L=
"B
&l I-..._“_ln
w i
wmqvf it
wmﬂ [ L
NMMN
]
y =
= —
3 o
% ~
Q |
¢ aw
i
M =
- =
I

=p0'g

=10'¢

B0}
*00'9

el

ﬁhqm

80z

£0C
£90'Z
=G0’
0L
©00'p
yooe

Fe0'e
=601

2.0

o

4.0

o

8.0

S‘_q_l\.
SPLE—
LLGE~
PERAN

LTS5
ow.mmW
5095

LEH,
mwmwT/
85521\
L8z
0062}
9062}
87621
8208}
Zv 0l
egors’

mm,om_.
909 _.v.

2jy-20183622-1-40
[5)]
()]
|

13C NMR, CDCls, 101MHz.

20 10 0 =10

i}

200 190 180 17 160 150 140 130 120 110 100 90

210

fl (ppm)

S36



gL'
_‘N._‘V.

[

gLe~
e
zig

€L¢

§L'E

LS

6i€

mmm._
0L 41
Pl
0z ¢
7T
b
92 11
92 i1
1T 1
LT 1
87 /1
62 L1
0%
LE
ze i
£ LA

ve L]
mm.h.\

e

70310-1-402

zjy201

PROTON

'H NMR, CDCl3, 400 MHz

=0T

o0e

=601

Fool

vl'e
xﬁmc_m
005
.,._rmo_m

74051

4.0
f1 (ppm)

4.5

0

8.0

Ok bbb~
sLeL

A

0L'75—

LB8'79—

588l
99 vz}
0022}
VS 1T}
€542}
1912}
vz 87—~
1z62L7
g LEL
£61€)
0z Z8)
86'6¢)
80 L€}

80451 —

P8 0LL—

467

60—

T0310-1

zjvr201

C13CFD

13CNMR, CDCls, 101MHz

30 20 10

40

130 120 110 100 a0 B0

140

210 200 180 180 170 160

220

f1 (ppm)

S37



General procedure for deuteration experiment

Under a nitrogen atmosphere, to a mixture of benzylidenepyrazolone 2f (0.1 mmol, 1.0 equiv.), D,O (40.0
mg, 2.0 mmol, 20 equiv.) and DPPB (8.5 mg, 0.02 mmol, 20 mmol%) was added toluene (1 mL) via a
syringe and allowed to stir for 5 min at 60°C. Ynones 1a (31.7 mg, 0.22 mmol, 2.2 equiv.) was added and
the reaction was allowed to stir for 36 h at 60°C. The reaction was monitored by TLC. After the reaction
was completed, the reaction mixture was directly purified by flash column chromatograph (eluted with

5:1 petroleum ether/EtOAc) to afford the corresponding cycloaddition product D-3f.
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X-ray crystallographic data of compound 3a
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Table S1. Crystal data and structure refinement for compound 3a

Name
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system, space group

Unit cell dimensions

Volume
Z, Calculated density
Absorption coefficient
F(000)

Crystal size

Theta range for data collection

Compound 3a
C37 H30N203
550.63
113(2) K
0.71073A
Monoclinic, P2(1)/n

a=9.4914(7)A  alpha =90 deg.

b=13.1578(9) A beta = 90.676(2) deg.

c=24.0997(19) A gamma = 90 deg.

3009.5(4)A3
4, 1215 Mg/m?
0.077 mm-!
1160
0.20x0.18 x 0.12 mm

3.10 to 27.49°
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Limiting indices
Reflections collected / unique
Completeness to theta =27.92

Absorption correction
Max. and min. transmission
Refinement method
Data / restraints / parameters
Goodness-of-fit on F?
Final R indices [[>2sigma(])]
R indices (all data)

Largest diff. peak and hole

-12<=h<=12, -17<=k<=17, -31<=1<=31
37829 / 6865 [R(int) = 0.0365]
99.5 %
Semi-empirical from equivalents
0.9908 and 0.9847
Full-matrix least-squares on F?
6865/0/381
1.008
R1=0.0418, wR2=0.1195
R1=0.0632, wR2 =0.1302

0.219 d-0.162¢.A%
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X-ray crystallographic data of compound 4h

1
/ N o
2 A
|
’.ﬁ/

I
- N “Bo)
~ /""'l-e- ﬁ%\, I
\ \ W/ ey

e "; ¥
v
i
i

»

//"r

4h

Table S2 Crystal data and structure refinement for compound 4h

Name Compound 4h
Empirical formula C31H24N202
Formula weight 456.52
Temperature/K 294.15
Crystal system monoclinic
Space group 12/a
a/A 14.50950(10)
b/A 15.42510(10)
c/A 22.00390(10)
a/° 90
p/e 107.7770(10)
v/° 90
Volume/A3 4689.56(6)
Z 8
pcalcg/cm? 1.293
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wmm-1 0.641

F(000) 1920.0
Crystal size/mm? 0.28 x 0.26 x 0.24
Index ranges -17<h<18,-16<k<19,-28<1<26
Reflections collected 39753
Independent reflections 5030 [Rint = 0.0153, Rsigma = 0.0079]
Data/restraints/parameters 5030/0/318
Goodness-of-fit on F? 1.035
Final R indexes [[>=2c (I)] R1=0.0363, wR2 =0.1001
Final R indexes [all data] R1=0.0375, wR2=0.1010
Largest diff. peak/hole / e A~ 0.19/-0.14
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