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1. General methods

Common reagents and materials were purchased from commercial sources and
purified by recrystallization or distillation. Melting points were determined in open
capillaries and were uncorrected. IR spectra were taken on a FT-IR-Tensor 27
spectrometer in KBr pellets and reported in cm™!. "TH NMR spectra were measured on
a Bruker DPX 400 MHz spectrometer in DMSO-dg(100 MHz, 3C NMR) or CDCls

with chemical shift (J) given in ppm relative to TMS as internal standard. High-

resolution mass spectra (HRMS) were obtained on a micrOTOF-QI HRMS/MS

instrument (Bruker) with the technique of electrospray ionization. Optical rotation
values were measured with instruments operating at A = 589 nm, corresponding to the

sodium D line at the temperatures indicated.

2. Abstract

An asymmetric assembly of J-lactam was realized via the NHC-catalyzed formal [4+2]
annulation of acylhydrazones and 2-bromo-2-enals bearing y-H. The advantages of
this protocol include high enantioselectivity, good yields, mild reaction condition and

potential biological significance of the final products.



3. Experimental section

0]

) E (20 mol%) 9
“ R COHN\N Cs,CO;3 (120 mo%) N,NHCOR
R1 \O + J\ > |
Br H” “COOEt Toluene, 25°C R’ COOEt
1 (2.25 equiv.) 2 3

An oven-dried 10-mL Schlenk tube equipped with a magnetic stir bar was charged
with triazolium salt E (16.7 mg, 0.04 mmol), Cs,CO; (78.2 mg, 0.24 mmol), o-
bromo-a,f-unsaturated aldehyde 1 (0.45 mmol) and hydrazone 2 (0.2 mmol). The
tube was closed with a septum. And the freshly distilled toluene (3 mL) was added
into the mixture with a syringe. Then the mixture was stirred at 25 °C until completion
(monitored by TLC). After removal of the solvent under reduced pressure, the
resulting crude product was purified by column chromatography (silicagel, mixtures

of petroleum ether/ethyl acetate, 2:1, v/v) to afford the desired product 3.

4. NMR Spectra
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5. HPLC Spectra
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Totals : 4.42317ed 1391, 25653
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140 4
™
g
*
120 =
"o
100 4
0 4
|
ird CO:Et
=g
racemic
404
20
[ "
T T T T T
[ & i1} 12 14 18 min
Area Percent Report
Sorted By : Siemal
Mulciplier H 1.0000
Dilurion H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: MUD1 B, Sig=254,16 Ref=360,100
Peak RetTime Twvwe Widch hrea Hedcht Area
#  [min] [min] [mAT*=] [mALT] L]
-1 1-===| I | === |
1 5,925 EB 0.3344 3516.92503 146.30510 45,8011
& 14.9858 EB 0. 4196 3545.02535 122.50875 50.1989
Totals : 7051.95532 26B8.81785
s
200 4
T
-4
00 4 -
07 Nr
T T T T T
[ & 10 12 14 18 min,
Area Percent Revort
Sorted By : Simal
Multiplier H 1.0000
Dilurion :

1.0000
Use Multiplier & Dilution Factor with ISTDs

Signal 1: MUDL B, Sig=254,16 Ref=350,100

Peak RetTime Tvoe Widch Area Hedcht Area
# [min] [minl [mAlT =1 maul i

| | I
1 5.964 EB 0.2638 1610.75346 B86.66051 A.5343
2 14.467 BB 0.4525 2.59013e4  796.31545 53.4657

Totals : 2.77121ed 884.97601
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250
mo+
150 JNH
COzEt &
100 a5
T acemic
50
0 T
T T T T T T T T T
[} ] ] 12 14 ] 18 20 2 4 mi
Area Percent Report
Sorted Bv i Sirmal
Muleiplier : 1.0000
Dilucion ] 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: MUDL B, Sig=254,16 Ref=360,100
Peak RetTime Tvoe Widch Area Heddht Area
#  [min] [min] [mAU* =] [=mATT] ]
-1 --m- | | | I
L 7.8%% EB 0.2031 3462.56030 257.13708 50.679%
2 2l.667 EB 0.5494 3359.650858  94.153% 459.3200
Totals : 6832.21118 351.33105
8
1000+
B00 4
o ®
_NH
500
CO:Et
chiral
10
200
: L
i ey A ; .
T T T T T T
E] 1] 18 0 a5 ming

Area Percent Report

sorced By H Sirmal
Multinlier ' 1.0000
Dilucion H 1.0000
Use Hultiplier &« Dilution Factor with ISTDs

Signal 1: MUDL B, 5ig=254,16 Ref=360,100

Feak RetTime Twve Widch Area Hedidht Area
# [min] [min] [mAU==1 [mATT 3

| == | mmm e |
1 7.921 W  0.2263 511.80624 33.12492 0.5273
2 23.635BB  1.1879 9.65518e4 1031.59058 99.4727

Totals : 9.70636e4 1064.71550
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1750 4
1500 4
1250 LNH =
5
4
— CO-Et
racemic
0
500
04
o
T T T T T T T T T
2 4 [} 8 ] 12 14 i 13
Area Percent Revort
Sorted By H Simmal
Mulciplier H L1.0000
Dilucion H 1.0000
Use Multiplier & Dilution Factor with ISTDs
ignal 1: MWD B, $ig=254,16 Ref=360,100
Peak RetTime Tvpe Widch Area Heidht Area
# [min] [min] [mAT= =] [mAl %
==l |====1 | | |
1 B.137 W 0.2136 2.74540e4 1531.45520 49.2%02
2 16.030 EB 0.4190 2.52446e4 1026.68567 50,7085
Totals : 5,56586e4 2058, 14087
8
1400 4
12004
1000 4
00+
600
w00+
il
0 L
T T T T T T T T T
i 4 [} ] 1] 12 14 1t 18 min

Area Percent Report

Sorted By b Siqmal
Muleiplier : 1.0000
Dilurion H

1.0000
Use Hultiplier & Dilution Factor with ISTDs

Signal 1: MWDl B, $ig=254,16 Ref=350,100

Peak RecTime Tvpe Widch Area Heicdht Area
# [min] [min] [mAlr* =1 [E-Th)] ]
il | == ] | |== | I
1 s.228 W 0.1772 177.72806 12,5551 0.4014
2 16.022 BB 0.423% 4.41022e4 1589, 54382 59,5986

Totals : 4.4279%e4  1601,09500
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2000

I
1600 4

COoE

1000 1 . e
racemic =
=
=
500 4
] 750
T T T T T T
k] 10 i 20 5 30 min
Area Percent Revort
Sorted By Simmal
Muleiplier 1.0000
Dilucion H

1.0000
Use Multiplier & Dilution Factor with ISTDs

gignal 1: MUDL B, Sig-254,16 Ref=360,100

Peak RetTime Twoe Widch Area Heicht Area
# [min] [min] [mAU* =] =Tl 2

| | | = |
1 5.544 BV 0.3067 4.98935e4 2438.53003 49.0525
2 30.016 EBA  1.1053 5.18211ed  781.79852 50.9475

Totals : 1.01715e5 3220.32855

&0

700

0

00

00

00

100 4

min

Area Percent Revort

Sorted By H Signal
Muleiplier H 1.0000
Dilurion s

1.0000
Use Multiplier & Dilution Factor with ISTDs

Signal 1: MWD1 B, Sig=254,16 Ref=360,100

Peak RetTime Tvoe Widh Are
#  [min] [ain] I

a Hedidht Area
mAl* =] [malr] 3

I== 1 I
1 5.837VB 0.2203 336.24566 22.12740 0.4692
2 30.441 VBA  1.1761 7.17487ed4  501.93522 55.5308

Totals : 7.20870e4 924.06362
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WD A, Wavelength=254 nm (SUNBRANEEREZT06. 0}
il 2
700 - [u]
[u]
_RH
000 Tk
CO-Et
400 1 3k
cl racamic =
&
400 =
a0 o
200 o
100
i A\ ]
T T T T T T
1] 25 5 18 i} 128 15 ]
Area Percent Report
Sorted By H Simmal
Multiplier H 1.0000
Dilucion H L. 0000
Uze Multiplier & Dilution Factor with ISTDs
Signal l: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
#  [minl fmin] wdll  *=  [wAU ] %
----------- il b bl g aredomthgr ot ey b et |
1 8115 ¥W 0.1599 1,02156e4  798.77344 50.151%
2 16.370 VB 0.4046 1.01517=4 383.89285 49.3481
Totals : 2.03653=4 11B2.66629
IO B, Wavelength= 264 nm (SLH BMNVEBNAZTOT . 0)
maLl g
1400
1200 N
[u]
1000 | N H
C OpEt
00 2k
£l chiral
600 <
400 -
200
@
4)&% 2
o
[ e
T T T T T T
i 25 5 7.5 10 128 15 17.5
Area Percent Report
Sorted By Sicmal
Hultiplier 1.0000
Dilution H 1.00oo0
Uze Multiplier & Dilution Factor with ISTDs
Signal 1: YWDl A, Wavelength=254 rm
Peak RetTime Type Width Area Height Ares
#  lmwinl fuin]l mwdll %= [wdD ] %

e D == =mmmmme [==mmmme [
1 8.335 VB 0.2303 405.57346  25.96082  0.5866
2 17.222 VBA 0.8150 6.87324ed 1489.37012 99.4134

Totals : €.91330e4 1515.33093
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VRO A, Wavalength=164 nm (51 HEMMVEBMHZ 00117
mil 2

S000

0® g

4000 =

_HH
H
|
COEt
000 - 3l
Gl racemic

2000 +
1000

r T r T v T

[ i 8 4 10 i 12

Area Percent Report

Sorted By H Simmal
Multiplier : 1.0000
Dilution H 1.0000

OUze Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl &, Wavelength=254 nu

Peak RetTime Type Width Area Height Area
£ Twin Twinl mhU  *3  [wAU ] 5
e [ === =mmmmme 1=mmmmmmme === mmmmm o [==mmm- [
1 7.880 WY 0.2080 7.96160=4 5651.54004 47,0605
2 11.978 WV 0.3335 8.95619=4 3919.90039 52,9395

Totals : 1.69178e5 9571.44043

DT A, Wavelength=164 nm (SUNEMANEEWRZI0] 03
mau o
1200 -|
1000 -|
u}
o
800 -| HH
e
|
COoE
000 al
&l chiral
400 -
200
3
o
T T r 1 T T
[ 7 g 8 10 1 12

Sorted By H Siomal
Multiplier 1.0000
Dilution H 1. 0000

Use Multiplier & Dilution Factor with ISTD=

Signal 1i VWDl A, Wavelength=254 nu

Pealk RetTime Type Width Area Height Area
# [minl fuin] wdl 7z [mAll 1 %
i || et e | o= m———— [ ——— | e |
L §.047 W 0.2l26 395.16156 27.06244  1.5484
2 12.112 FB 0.3022 2.5126led 1261.84644 98.4516

Totals ; 2.55212eqd 1288.50887
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eelength=s54 nm [ ?103)
mal E:
400 o
"o
700
u]
00 o
NJ‘JH §
500 | e
CO-Et
400 am
cl racemic
300
200 -
100
i N A
0 H H 5 8 1 1 1 il
Area Percent Report
Sorted By Signal
Multipliex L.o000
Dilution £ 1.0o000
Use Multiplier & Dilution Factor with ISTDs
Signal l: VWDl A, Wavelength=254 nm
Feak RetTime Twpe Width Area Hedoht hrea
# [mind fminl Al Lt ] [mAT 1 %
== | === | = m e === | =mmmmmm e lzmestmns |
1 7.978 VB 0.1544 1.17706e4 B94.05591 49.0292
2 15.000 ¥BA  0.3570 1.22368e4  474.09323 50.9708
Totals : 2.40074=4 1366.14914
DT #, Wawelength=264 nm (SUHERANEBMAZTOR 1)
mid 2
2500
™o
2000
a
u]
_HH
I N
1500 -
' OLEt
am
£l chiral
1000 -
500
z
=
o J\u\;\ 2
T T T T T T T
i 24 5 ] ] 1245 15 m
Sorted By H
Multiplier H
Dilution H L.0000
Uge Multiplier & Dilution Factor with ISTD=
Signal 1: VWDl &, Wavelength=254 nm
Peak FetTime Type Width Area Height Area
#  [minl fminl mdll %z [wAll ] %
mmmm | ——— |==mm = i el [ | mmmmm——— |
1 B.284 VP 0.2694 523.50281  25.9249%7  0.5632
2 15.259 VB 0.5026 9.24262e4 2720.81470 99,4368
Totals : 9.20497e4 2749,73067
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1000
. 1-8387
|2-9:850
£
& 600
400
200
o T -
810 1) .50 550 10'00 1050 1100 150 1172
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na
1 8.387 168.914 807.069 49.88 5293 na.
2 9.850 169.695 717.624 50.12 47.07 na
Total: 338.609 1524.692 100.00 100.00
3500 (2-9693
3000
2500
% 2000]
o
e
1500
1000
500
810 850 500 s5o 1000 1050 11700 150 1172
Time [min]
Integration Results
No. Peak Name Retention Time: Area Height Relative Area Relative Height | Amount
min mAU"min mAU % % na.
] 8513 15.003 80.297 156 227 na.
2 9693 949 781 3452 298 98 44 97.73 na_
Total: 964.784 3532.594 100.00 100.00
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6. Determination of the absolute configuration by comparison

R Wavalangth=254 nm (SONEAAMISEMEDTO T 0
a0 a ; :
mal Daicel ChiralpakIA, CH2CL, v
=0.7 mL.min!, A =254 nm
250
E
100 E
250
H
200
CO-Et
160 3a
racemic
100
5]
04
T T T T T
[ 8 10 iz 1 10
Area Percent Report
Sorted By Simal
Multinlier 1.0000
Dilution H 1.0000
Use Multiplier ¢ Dilution Factor with ISTDs
Signal 1: VWDL A, Wavelength=254 nm
Peal RetTime Type Width Area Height Area
# [winl fmin] mdU  *=z [mAl 1 %

e L I====1 1 ! |=mmmmne [
L 5.528 PB 0.2915 £253.67090 402.76825 49,9514
2 15.066 BB 0.4065 B266.42969 291.56198 50.0386

Totals : 1.65201e4 694,33023
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mY

100

8 Det.ACh1
] S
i I x
75 A 5
] | I'. N
] \ o U‘YFH j ]:
() m | \i
A 1 [ m’lf/l‘cuus« ‘ 1
. | e [
) ‘ \ ( 'tl
25_, | \L | \
] |' \\\ | \-,
i N /
il ﬁ_,'; S~ e 4 \k _ ]
0o | 1is T 7s
min
Peak# Ret. Time Area Height Area % Height %
1 9.763 2095405 95317 49.957 58.274
2 15.714 2099036 68250 50.043 41.726
Totall 4194441 163567 100.000 100.000
my
125 N Det.A Chi
1 Jianfeng Xu,; Zhichao Jin,; and { ;E
1 Yonggui Robin Chi. Org. Lett. [
100 _ 2013,15,5028. [l
1 = \
] H 0.7 [\
75 i . |
1 |I EI Me’lfj"cuua ,‘ II‘
f [ s
507 | |' \
] | | \
264 | \ | Y
] [\ !
i | N / \ _ 1
o] = ponveo] — S
e s
min
Peak# Ret. Time Area Height Area % Height %
1 9.787 1452698 74906 20.289 38.187
2 15.552 3507144 121252 70.711 61.813
Total 49590841 106158 100.000 100.000
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