Supporting Information

Catalyst-free tandem reaction for the synthesis of tetrahydro-1,2,3-triazine

derivatives

Kewei Wang,! Huijun Liu,* Yong Guo,! Gang Yi,?* Zhifang Jia,"™* and Feng Feng*
! Department of Chemistry and Chemical Engineering, Shanxi Datong University, Datong, 037009,

China.

2 Shandong Dongyue Organosilicon Materials Co., Ltd., Zibo, 256401, China.

Table of contents

1. GENETAl FEIMAIKS ..ot S2
2. EXperimental SECHON........ccoiie et S2
3. Spectroscopic data 0f COMPOUNGS.........ccccveiieiieiiiieiiere s S3
4, THNMR and 23C NMR SPECLIA.......cccceriiririeeiiiiiiieiceeieie e S5
5. RETBIBICES ... s S15

S1



1. General remarks

NaNs was purchased from Energy Chemical Company. Potassium carbonate,
nitromethane, toluene, ethanol, tetrahydrofuran (THF), dimethyl sulfoxide (DMSO),
and N,N-dimethylformamide (DMF) were purchased from Sinopharm Chemical
Reagent Co. Ltd. 1,2-Dibromoethane, 3-oxo-N-phenylbutanamide, 3-oxo-N-(o-
tolyl)butanamide, and N-(4-methoxyphenyl)-3-oxobutanamide were purchased from
BePharm Co. L. N-(4-chlorophenyl)- 3-oxobutanamide, N-(4-chloro-2-
methoxyphenyl)-3-oxobutanamide, and N-(2,4-dimethylphenyl)-3-oxobutanamide
were purchased from Aladdin Industrial Corporation. *H and 3C NMR spectra were
recorded on a Bruker AV-500 or AV-400. Melting points were determined by
microscopic melting pointmeter and were uncorrected. High-resolution mass spectra
(HRMS) were obtained on Briker Compass Data Analysis 4.0. Unless otherwise noted,
all reagents were obtained from commercial suppliers and used without further

purification.

2. Experimental section

General procedure for preparing substrates la—i

The procedure for preparing substrates 1a-i were according to the reported method.[1]
In a typical procedure, 1,2-dibromoethane (0.95 mL, 11 mmol), N-(2-methoxyphenyl)-
3-oxobutanamide (2070 mg, 10 mmol), and K2CO3 (2950 mg, 23 mmol) were added in
DMF (25 mL). The reaction system was stirred for 10 h (monitored by TLC). Then the
mixture was slowly poured into ice-water (200 mL). White solid was precipitated,

fitrated and dried in vacuum to obtain compound 1a (1971 mg, 97%). The synthetic
Y)
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procedure of 1b-i are similar to the above-mentioned method. The yields of 1a—h!land
liare listed in Table S1.

Table S1. The yields of la-i

Entry Substrate Yield (%)

1 )OX?LNQ la 97
2 )OXOLHQ/ 1b 90

0 o /©/OM9
3 )%N 1c 93

H

O O
4 1d 86

o0 O

5 le 93
)JXU\H OMe
0 o
6 )XMH 1f 92
0 o @/C'
7 )XL” 19 88
Cl
O O
8 1h 87
N
O O

3. Spectroscopic data of compounds

Benzyl 1-acetylcyclopropane-1-carboxylate (1i): White solid. mp: 118-120°C. !H
NMR (400 MHz, CDCk, 25 <€, TMS): § = 7.38-7.35 (m, 5H), 5.18 (s, 2H), 2.45 (s,
3H), 1.52-1.49 ppm (m, 4H); 3C NMR (100 MHz, CDCh, 25 <T): § = 202.8, 170.8,
135.5, 128.7,128.5, 128.3,128.1, 127.9,67.0, 35.1, 29.9, 19.4 ppm; HRMS (ESI): m/z:

calcd for C13H14NaO3:241.0841 [M +Na]*; found: 241.0844.
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2-Acetyl-4-azido-N-(2,4-dimethylphenyl)butanamide (1): Colorless liquid. 'H NMR
(500 MHz, CDCBl, 20 <C, TMS): 6 =7.97 (s, 1H), 7.61-7.57 (m, 1H), 7.04 (d, J = 8.00
Hz, 2H), 3.65-3.47 (m, 1H), 3.46-3.89 (m, 2H), 2.37 (s, 3H), 2.28 (s, 3H), 2.22-2.18
ppm (m, 5H); 13C NMR (125 MHz, CDCl, 20 <C): 6 = 206.0, 165.7, 135.2, 132.1,
130.9, 129.4, 126.9, 122.9, 58.3, 49.0, 29.2, 22.2, 20.5, 17.3 ppm; HRMS (ESI): m/z:

calcd for C14H1sN4NaO2: 297.1327 [M +Na]*; found: 297.1332.
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4, THNMR and 13C NMR spectra

- -Ax] o w N—O > =
M n = - i R =]
~ree w o - <
Parameter Value ~ | | N
1 Title HEE
2 Origin Bruker BioSpin
GmbH
o 0
3 Owner nmr
4 Solvent CcDcI3 )XLO
5 Temperature 0.0
6 Pulse zg30
Sequence
7 MNumber of 18
Scans
8 Relaxation 1.0000
Delay
9 Pulse Width  10.0000
10 Acquisition 2.6477
Time
11 Acquisition 2018-04-11T15:30:04
Date
12 Modification  2018-04-11T15:30:26
Date
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Parameter Value
1 Title HEE o Q
2 Origin Bruker
BioSpin GmbH 0
3 Owner HP
4 Solvent cncl3
5 Temperature 298 0
6 Fulse zgde
Sequence
7 Number of 1478
Scans
8 Relaxation 0.5000
Dalay
9 Pulse Width 3.6000
10 Acquisition 0.2999
Time
11 Acquisition Z018-05-05T0
Date 56:35
12 Modificatio 2018-05-04T1
n Date 8:10:00
1
l ) L
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f1 (ppm)
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STANDARD PROTON PARAMETERS

Archive directory: /export/home/1iu/vnmrsys/data
Sample directory:
File: PROTON

Pulse Sequence: s2pul o] [0}
Solvent: COC

13
Temp. 20.0 C / 299.1 K
INOVA-500 “NENUS00%

ns N
OBSERVE  H1, 499.8025912 WHz
A SSING

Se
3 he
otal time 0 min, 23 sec ,;;

3.458
3.447

5.095
3.432

®
8
R
©

B }\ WA

10 9 8

1.824
1.847
0.85{

0.87.

STANDARD CARBON PARAMETERS

Archive directory: /export/home/1luy/vrarsys/data
Sample directory:
File: CARBON

Pulse Sequence: s2pul

T
4
=

ser: 1=
INOVA-500 “NENUS00™ )

Ns
Relax. delay 1.000 sec
egrees

64 repetitions
OBSERVE C13, 125.6754848 HHz
DECOUPLE H1, 493.8050305 NHZ

continuously on

WALTZ-16 modulated

DATA PROCESSI

Line broadening 1.0 Hz

FT size 131072

Total time 18 hr, 14 min, 41 ssc

77.122
76.615

128.927

119.622

206.277
165.608
136.514
124.860
. —83.030
45.235
35.880
24.507

T e T T T T o

—rrrT T T T
Zéﬂ ' 200 180 160 140 120 100 80 60 40 20 ] ppm
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STANDARD PROTON PARAMETERS

Archive directory: sexport/home/liusvnmrsys/data

Sample directory: o] 0
File: PROTON

Pulse Sequenc:
Solvent: CDC13

Temp. 20.0 C 7 2931 K HN
INOVA-S00 "NENUSO0Q"

s2pul

=z

|
Relax. delay 1.000 sec N
Puls dearaes

Widin 180018 Hz d
8 repetitions

OBSERVE H1, 499.8025912 Kz §]
DATA PROCESSING

FT size 65536

Total time 0 min, 28 sec

Z.454
——————_2.319

7
5.066
0.001

5.681

10 k]

0.98]
1.93{
1.98(

STANDARD CARBON PARAMETERS
Archive directory: /export/home/11uy/vnmrsys/data
Sample director:

File: CARBOI

Pulse Sequence
Solvent: CDC18
Ambient temperature

User: 1-14-i
INOVA-500 "NENUS00" HN H

s2pul

detay 1.000 sec N
45.0 degrees >
Acq. time 1.300 sec N
width 31421.8 Hz

64 repetitions
OBSERVE C13, 125.6754316 MHZ
DECOUPLE H1, 499.8050905 KHz

Power

continuously on
2-16 modulated

DATA PROCESSING

—177.534
77.028

279

Total time 3 hr, 12 min, 26 sec

2

e

3%
2 @ Qe
g ] B
S &

‘ ‘

l i
i

129.827

46.674

36.920
24.955
——21.109

— . 120.057
83.413

T R R T T T T T T T T T T UAABEEREERS) T N
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STANDARD PROTON PARAMETERS

Archive d(rectory /6xport/hone/1{u/vimrsys /data
Sanple diracton)

File: PROTO)

Pulse Sequence: s2pul

13
Temp. 20.0 C / 293.1 K
TNGVAZSD0 NEAUS 0D

ERVE nn, 339.8025912 Mz
DATA PROCESS]
FT %100 65536
Total time 0 min, 23 sec

7.441
7.424
“.7.261
5.880
6.862

8.641

_5.057

-

=

OMe

0.95{

STANDARD CARBON PARAKETERS

archive directory: /export/home/liuy/vamrsys/data
S?nuu dlrlc

Pulse sequancc: s2pul
Solvent:
Ambient Lcnperature
user: 1=
INOVA-500  “NENUS00%

Relax. delay 1.000 sec
Pulse 45.0 deg
3 soc

479

64 r:pczizl
DBSERVE® CL3, 125.8754848 NHZ
DECOUPLE ‘NI, 433.8050105 NHE
Powar 4
continnousl

72715 moguiated
DATA. PROCESSING

Total time 13 hr, 14 min, 41 sec

166.306

206.448
156.680

129.650

121.812

114.046

0.864, |

3.061

82.949

77.122
76.866
76.609

=

55.272

46.258

35.875

120

S8

24.536

20

ppm



STANDARD PROTON PARAMETERS

Archive directory: /export/home/1iu/vnmrsys/data

sample dirsctory: o
File: PROTON

Pulse Sequence: s2pul

olven coci3
Temp. 20.0 G / 293.1 K
INOVA<500  "NEWUS00* HN

repetitions
A1 399.8026885 WHz

53
Total time 0 min, 23 sec

e 5.110

8.742
0.007

11 10 9

8!

9

8!
2.15(
L4t

STANDARD CARBON PARAMETERS

Archive directory: /export/home/1iuy/vnmrsys/data
Sample directory:
File: CARBON

Pulse Sequence: s2pul o] o
Solvent: COCI3
Ambient temperature

User: 1-14-87 N
INOVA-500 “NENUSO00"

Relax. delay 1.000 sec |
Pulse 45.0 degrees N

64 repetitions

OBSERVE C13, 125.6754627 NHZz

DECOUPLE H1, 433.8050305 NHz
wer 40 dB

DATA PROCE

Line broadening 1.0 Hz

FT size 131072

Total time 18 hr, 14 min, 41 sec

77.328
27.072

\_76.817

206.849
166.791
134.713
o —130.556

\_125.467
——121.738
82.394
45.438
35.187
24.753

e | JJHf ,

9

17.420

T T e o T T T

e T
220 200 180 160 140 120 100 80 60 40
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STANDARD PROTON PARAMETERS

Archive directory: /export/home/liuy/vnmrsys/data
mple directory:
File: PROTON

Pulse Sequence: s2pul
solvent: CDC13 N
Tem 1K

20.0 C 7 263,
INOVAZ$00  “NENUS0D" HN H

Relax. delay 1.000 sec OMe

Pulse 45.0 degrees

e 1.892 sec
H:

ons
Hi, 499.8025941 MHZ
ine

TA
FT size 65536
Total time 0 min, 23 sec

“
4 ST L : g8iz
a8 pi8%eles 222835
8ruge R
g 5 Sy ‘ 997
z L P
a Sy

ppm

3.00+
2.014

STANDARD CARBOM PARAMETERS

Archive directory: /export/home/11uy/vnmrsys/data
Sample directory:
File: CARBON

Pulse Sequence: s2pul

Salvent: COC18

Anbient temperaturs N
User:  1-14- HN H
INOVA-500" "NENUS00"

Relax. delay 1.000 sec Nx

54 repetitions

OBSERVE C13, 125.6754527 MHz
DECOUPLE H1, 139 8050305 Mz
Power 40 dB

continuously on
WALTZ-16 modulated
DATA PROCESSING
ne broadening 1.0 Hz
T size
Total time 16 hr, 2 min, 14 sec

~—177.313

.-83.110
—27 061
55.742

46.948
36.095
24.707

206.536
166.589
148.484

- 110.115

126.477

\ IIJ )

220 200 180 160 140 120 100 80 60 40 20 0 ppm
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Parameter Value HN H
1 Title who—2— f |
H-20180315 N
2 Origin MR Software N
Tean
3 Owner Administrator
4 Solvent €DCl3
5 Temperature 2938
6 Pulse Sequence slpul
7 Number of Scans 0
8 Relaxation
Delay
9 Fulse Width
10 Acquisition 20001
Time
11 Acquisition
Date
12 Modification
Date
1
1
T T T u T i
~ ~ ® ~ = 0w~ o
© a < x < ae
[=] o o o o o < o
T T T T T T T T T T T T T T T T T T T T T T
1.3 10.5 9.3 9.0 B85 BO 1.5 T.O0 .3 60 53 3.0 45 40 25 20 25 Z0 L3 LO 0% 00 -0.3 -L3
£1 (ppm}
w wn ~NBLWL T T
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Parameter Value N
1 Title whr—2- HN H
C-20180315 |
2 Origin MR Software N
Team ~N
3 Owner Administrator
4 Solvent €DCl3
5 Temperature 793.8
6 Fulse Sequence slpul
7 Number of Scans 108
& Relaxation
Delay
9 Pulse Width
10 Acguisition 1.0000
Time
11 Acquisition 2018-03-15T17:1
Date 2:01
12 Modification 2018-03-15T17:1
Date 2:-02
| |
| 1
" . ™ TR n e
J o f
T T T T T T T T T T T T T T T T T T T T T T T T
240 230 220 Z10 200 180 180 170 160 130 140 130 120 110 100 a0 80 o 60 a0 40 0 Z0 10 0 -10
£1 (ppm}
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Parameter Value
1 Title whew- o o cl
h-20180303
2 Origin NMR Software N
Team / / HN H
3 Owner Administrator |
4 Solvent cpei Ny
5 Temperature 290.1
6 Pulse Sequence slpul
7 Number of 0
Scans
8 Relaxation
Delay
9 Pulse Width
10 A cquisition 2.0001
Time
11 Acquisition 2018-03-03T14:
Date 34:27
12 Modification ~ 2018-03-03T14:
Date 34:29
| |
1
| l
T bl 1 T A
™ 0o o [} owo
) ] Q Q QaoQ
o o e - ol M= —
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
&0 1.5 1L0 10.5 0.0 95 90 835 8O0 73 7.0 &5 60 5.3 50 45 40 233 20 2.3 Z0 L& L 0.8 00 -0.3 -LO -L3 -Z
1 (ppm}
© o Co~ o
-— -] NS - = o 0 = b=4
[ o we o = - hi] < ~
=3 = M N o~ © w @ -+
& - == = © - = ~
| VNGO |
Parameter Value
1 Title wkw- cl
c-20180303 0 0
2 Origin NMR
Software Team N
3 Owner Administrator HN H
4 Solvent cpci |
N
5 Temperature 289.9 N
6 Pulse slpul
Sequence
7 Number of 282
Scans
8 Relaxation
Delay
9 Pulse Width
10 A cquisition 1.0000
Time
11 Acquisition 2018-03-03T14
Date :49:40
12 Modification  2018-03-03T14
Date :40:41 |
1
|
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
240 230 220 Z10 200 180 180 170 160 130 140 130 120 110 100 a0 80 o 60 a0 40 0 Z0 10 0 -10

£1 (ppm}
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--9.37
8.40
7.06
7.03
6.81
6.78
5.07

—3.88
3.47
3.45
3.44
2.55
2.51
2.49
2.48
2.46
2.44
2.34
2.32
2.30
2.28
2.26
2.16

—0.00

4,
<
€

Parameter Value
1 Title whw-1-
H-20180315 Cl
2 Origin NMR
Software
Team @] (o]
3 Owner Administrate

v N
4 Solvent cpas f J' / HN H
5 Temperature 293.8 | OMe

6 Pulse slpul N
=
Sequence N
7 Acquisition  2.0001
Time
8 Acquisition  2018-03-15T
Date 17:03:30
9 Modification 2018-03-15T
Date 17:03:31

1
| ) ik
T ' 7 o oo i
= = © ®© -] ® 0 NwTO
& ) =R o @ 9 9359
o - - = o o o i
T T T T T T T T T T T T T T T T T T T T T T T
1.0 105 100 9.5 90 85 80 75 7.0 &5 60 55 50 45 40 35 30 25 20 L5 10 05 00 -0
f1 (ppm)
STANDARD CARBON PARAMETERS
Archive directory: /export/home/1{uy/vnmrsys/data
Sample directory:
File: CARBON Cl

Pulse Sequence: szpul
Solvent: CDC1Z
Anbient temperature [o]

bi
User: 1-14
TNOVA-500 “NENUS0G"

Relax. delay 1.000 sec N
Pulse :s.n degrees HN H

Acq. time 1.300 sec

Width 31421.5 Hz | OMe
128 repetitions

OBSERVE  C13, 125.6754316 NHz
DECOUPLE W1, 433.8050305 NHz
Power B

continuously on

VALTZ-16 modulated

DATA PROCESSING

Line broadsning 1.0 Wz

FT size 1310
Total time 3

77.500
77.252
"76.995
7/
=z

7d
-—

72
hr, 12 min, 26 sec

206.969
167.081
147.278
—127.584
= —126.252
4 124.555
"—119.706
111.149
83.680
56.292
45.647
36.297
24.848

Lottt s L bl il ot
60 40 20 ppm
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Parameter Value [a] (8]
1 Title AEE
2 Origin Bruker BioSpin O
GmbH HN
3 Owner nmr |
4 Solvent CDCI3 NQ‘N
& Temperature 0.0
6 Pulse zg30
Sequence
7 Numberof 16
Scans
& Relaxation 1.0000
Delay
9 Pulse Width 10.0000
10 Acquisition  2.6477
Time
1 Acquisition 2018-05-15T16:21:14
Date
12 Modification 2018-05-15T16:21:36
Date
1
“ |
i 2 v i
o 0o m o Q
R cQ o < <Q
b o o™ — o™ N m
T T T T T T T T T T T T T T T T T T T T T T T
0.5 10.0 85 90 &5 &0 .5 T 63 &0 53 &0 45% 40 43 30 25 Z0 L3 L0 03 00 -3 -LO -5 -Z0
£1 (ppm)
© o - o~
- L) 0w wneo -] =3 -3 -3 =+
o P~ © g ~ = = w ]
=2 =] M NNN - uw @ =3 w0
& - - @ o - -3 -
I [ [
Parameter Value
1 Title #h3EE
2 Origin Bruker 0 0
BioSpin
GmbH
3 Owner HP HN o
4 Solvent cDci3 |
5 Temperature 2980 N‘\:
6 Pulse zgdc N
Sequence
7 Numberof 4093
Scans
8 Relaxation 05000
Delay
9 Pulse Width 3.6000
10 Acquisition  0.2879
Time
11 Acquisition  2018-05-19T
Date 05:14:11
12 Modification  2018-05-18T
Date 15:04:00
1 i |
B L L bt Sl '.‘-WNML‘J ol ,.““...J Lm' sk
r T T T T T T T T T T T T T T T T T T T T T T
40 230 2z0 z10 200 190 180 170 180 150 140 130 120 110 100 80 8O 0 &0 a0 40 0 20
£1 (ppm}
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STANDARD PROTON PARAMETERS
tory: /export/home/1iu/vnmrsys/data

szpul o o

0C13
20.0 C / 293.1 K
INOVA-500  “NENU500%

Iz

Relax. delay 1.000 sec

wSS
3
288 N
aa 3
pY

ot tine o min, 23 sec

7.575
7.004
\_2.200
2.186

7.606
593
7.262

222
0.001

7.977

©
0.86 0 -
0.83{
1.!3&«(
ES
@
»
0.92¢
9
@

STANDARD CARBON PARAMETERS

Archive directory: /export/home/11uy/vnmrsys /data
Sullp‘! d(rec!

File:

Pulse Sequence: s2pul o o
Solvent: COCI3

A-h(an( _temperature N
user:

XNDVA—50“ “NENUS00* H

Retax. delay 1

N3

itions
OBSERVE C13, 125.6754986 MHz
DECOUPLE H1, 439.8050905 MHz
0

77.004
76.496

Totai time's’ hr, 12 min, 26 sec

\_126.920
——122.941
58.253
48.959
29.239
— 22.191

206.071
165.708
—135.181

| i L’

T T T T T T T T T T T T T

T T
220 200 180 160 140 120 100 80 60 40
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