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Experimental Section

Corrections. The manuscript states that C NMR chemical shifts were reported in O (ppm) values
relative to C¢Dg at 128.06 ppm. However, 3C NMR tabulated data and spectra were referenced to
128.39 ppm.

Page 107086, left column, third paragraph, line 6: “vinamidine form H9” should read “vinamidine

form 9”
Page 107093, reference 30, line 2: “allenoue” should read “allenone”

Materials.  Triethylamine was distilled over CaH,.  o-Phenylenediamine (Mallickrodt),
3,4-diaminotoluene, 3,4-diaminobenzophenone, 4,5-dimethyl-1,2-phenylenediamine (Aldrich), 4-
methoxy-o-phenylenediamine (Ark Pharm or Alfa Aesar), 4-nitro-o-phenylenediamine (Alfa
Aesar), 2,3-diaminobenzamide (Synthonix), ethanol (reagent grade 200 proof anhydrous, Pharmco
Aaper), anhydrous ethanol (packaged under argon, Alfa Aesar), silica gel (Dynamic Adsorbents, 32-
63 w), and TLC plates (Whatman, hexanes/ethyl acetate 80:20) were used as received. Other

materials not listed were used as received.

Fluorescence Quantum Yield. Fluorescence quantum yield (®f) was determined in ethanol by the
relative method,1 using 9,10-dimethylanthracene as a s‘[andard,2 275 nm excitation, and analysis
with Eq. (1) where 7 and x denote the reference and unknown, respectively, 4 is the absorption at
excitation wavelength, F' is the integrated fluorescence intensity. Consideration of refractive index
was not necessary as both reference and unknown samples were measured in the same solvent. To
avoid re-absorption and self-quenching, all working solutions absorbed less than 0.1 AU.
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2-(4-Methylbenzyl)-4-phenyl-3H-benzo[b][1,5]diazepine (8aa). Large Scale Procedure. A 25
mL round bottom microwave vial equipped with a stir bar was charged with alkynone 1 (0.858 g,
3.66 mmol), o-phenylenediamine 4a (0.398 g, 3.68 mmol), and ethanol (8§ mL). The vial was sealed
and the reaction was irradiated in a microwave reactor at 80 °C for 70 min. The post-reaction
mixture rapidly crystalized after scratching the vial with glass pipette. Filtration gave 8aa as pale
yellow crystals (0.610 g, 1.88 mmol, 51%). An additional crystallization (ethanol/hexanes,
layering, 4 °C) increased the overall amount of crystalline solid to 0.760 g, 2.34 mmol, 64%. The
yield could potentially be increased via column chromatography of the mother liquor. We are
grateful to Mr. Wojciech Gotebiewski for this observation.

1) (a) C. A. Parker, W. T. Rees, Analyst, 1960, 85, 587. (b) A.T.R. Williams, S. A. Winfield, J. N.
Miller, Analyst, 1983, 108, 1067.
2) R. L. Barnes, J. B. Birks, Proc. Royal Soc. London A. Mat. Phys. Sci., 1966, 291, 570.

S2



RSC Advances 2016, 6, 107081. doi: 10.1039/c6ra24291]

g LW TN MNITANNDNAHAAIDNOI~OMMN™M < O) 0O [ee] N
. FTA A A A A A A A A DNV ONOOOOOO O <N A O o n
o 000000 M ®PB GGG 610666 GGG Mmoo ~ o
OCH;4 NAME Anthony082814
EXPNO 2
PROCNO 1
Date 20140828
HoN Time 17.13
O NH O INSTRUM spect
PROBHD 5 mm PABBO BB-
Z PULPROG 2g30
D 65536
SOLVENT C6D6
NS 16
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
A0 3.9846387 sec
RG 287
DW 60.800 usec
DE 6.50 usec
TE 296.9 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
K‘ NUC1 1H
- Pl 9.50 usec
PL1 -5.00 dB
—r 7777 PL1W 36.45966721 W
SFO1 400.1324710 MHz
7.0 6.8 6.6 6.4 6.2 ppm ST 32768
SF 400.1299980 MHz
WDW EM
SSB 0
1B 0.30 Hz
GB 0
PC 1.00
l ‘_.JLJ JU Jl o -~
13 12 1 10 9 8 7 6 5 4 2 1 ppm

A

S3



189.6135

C NMR spectrum for 5ac (CDy)

—167.9169
—160.6341
__—145.1351
141.2790
136.5657
134.6848
131.3150
129.9789
129.7428
129.0268
128.8790
—118.1101
- 104.0461
——101.5322
—94.4457
—55.2106

—
=
e
N
X

OCH,

H,N
O NH

|
136

— 1 T T
134 132 ppm

——38.9946

RSC Advances 2016, 6, 107081. doi: 10.1039/c6ra24291]

—21.3823

NAME
EXPNO
PROCNO
Date
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
SI

SF
WDW
SSB
LB

GB

PC

| | | | |
180 160 140 120 100 80 60

S4

40

20 ppm

Anthony 091514
1

1

20140916
11.14
spect

5 mm PABBO BB-
zgpg30
65536

CéD6

14568

4
24038.461
0.366798
1.3631988
203

20.800
6.50

300.8
2.50000000
0.03000000

-4.01
95.49419403
100.6228298

CHANNEL f2
waltzlé

1H

75.00

0.00

13.42

13.42
11.52955914
0.52458113
0.52458113
400.1316005
32768
100.6126963
EM

0

1.00

0

1.40

C13

MHz

Hz



13.06

RSC Advances 2016, 6, 107081. doi: 10.1039/c6ra24291]

OO NTITTOOONOANNTONNATTODNTANNAHOOTONM O [ee) ~wn o O
AT A A A A4 A" A A" A A A DN IDAVDOOWMMMANOOO < o o o < ™M
NAME Jon070714
EXPNO 1
PROCNO 1
Date 20140707
H,N Time 10.34
O NH O INSTRUM spect
PROBHD 5 mm PABBO BB-
Z PULPROG zg30
D 65536
SOLVENT C6D6
NS 16
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 362
DW 60.800 usec
DE 6.50 usec
TE 298.3 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 9.50 usec
PL1 -5.00 dB
\ PL1W 36.45966721 W
SFO1 400.1324710 MHz
. . ST 32768
' ' ' SF 400.1299977 MHz
6.6 6.4 ppm WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
JJ}J L J MJU. | .,

10 9 8 7 6 5
e
N MmiTiolol—~Io

S5

[ (=4 w|s
NI~ MmN



3C NMR spectrum for 5ad (CDy)
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"H NMR spectrum for 5af (DMSO-d)
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3C NMR spectrum for Saf (DMSO-d)
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'H NMR spectrum for 5ag (C¢Dyg)
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3C NMR spectrum for Sag (C4Dy)
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H NMR spectrum for Sah (C¢Dy)
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3C NMR spectrum for 5ah (CDy)
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'H NMR spectrum for 8ea (CsDg)
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3C NMR spectrum for 8ea (C¢Dy)
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3C NMR spectrum for 8eb (C4Dy)

£ & L B Y- R R . )
£ ] n RBERSERTER = b b B
& T — O e oo = I+ q4r T
[ TR i o p s =
- : ECREEEDS in = = E

B | |

S18



RSC Advances 2016, 6, 107081. doi: 10.1039/c6ra24291]

NAME
EXPNO
PROCNO
N Date

] Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

e

J

e L

8 7

[=2] (=3 [a2]
] sl
Al (=24 o

2]

<.
o)

6

5 4 3 2 1 ppm

| [N
ol

-
0 2|5
- A\ NN

N

S19

Jon-03-02-03
1

1

20151230
20.04
spect

5 mm PABBO BB-
zg30

41496

CeD6

16

2

6009.615
0.144824
3.4525173
203

83.200
6.50

297.9
1.00000000

9.50

-5.00
36.45966721
400.1328009
32768
400.1299976
EM

0

0.30

0

1.00

Hz



C NMR spectrum for 8fa (C,Dy)
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N

a
X
X

N

130

128 ppm
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—9.0227
——5.4516
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EXPNO
PROCNO
Date
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
ST

SF
WDW
SSB

T
200

I L
180 160 140 120

I
100 80 60 40

S20

20 0 ppm

Jon-03-02-03 13C

1

1

20151230
21.29
spect

5 mm PABBO BB-
zgpg30
65536

C6D6

1155

4
24038.461
0.366798
1.3631988
256

20.800
6.50

300.7
2.50000000
0.03000000

-4.01
95.49419403
100.6228298

CHANNEL f2 ====

waltzl6

1H

75.00

0.00

13.42

13.42
11.52955914
0.52458113
0.52458113
400.1316005
32768
100.6126958
EM

0

1.00

0

1.40
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'H NMR spectrum for 8ac (C¢Dg

OO0 <ITNLODEE~-VWOS~-WNWLWLOMO ™~ N O — ~N
O ANNOODODOOMTOHOOYOYO I~ o ™M o o
R A A R R R RN RN © ® N ~
H;CO NAME Anthony103014
EXPNO 1
PROCNO 1
Date 20141030
Time 15.32
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
TD 65536
SOLVENT C6D6
NS 16
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 203
DW 60.800 usec
DE 6.50 usec
TE 296.9 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 9.50 usec
PL1 -5.00 dB
PL1W 36.45966721 W
SFO1 400.1324710 MHz
L I L | ' T T T T T ! ST 32768
SF 400.1299977 MHz
7.8 ppm 7.2 7.0 ppm WDW M
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
WML R V| R R

85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 ppm
EalEEEe I
O] I~=IMIN|~| ANII™ N

S21



157.7568
157.4758
——153.6780
142.9695
137.7409
136.7047
135.5107
134.0101
130.5728
130.4869
129.9298
129.0788
128.7458
128.5060
128.2683

T~ 115.2629

e

130

ppm

LI

——111.2381

/
%
K

C NMR spectrum for 8ac (CDy)

——55.3644

——47.0309
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—— 36.6269

—21.3285
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EXPNO
PROCNO
Date
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
SI
SF
WDW
SSB
LB

' GB

PC

T
180

T T
160 140

T
100 80

S22

20 ppm

Anthony 103014 C13
1

1
20141031
9.06
spect
5 mm PABBO BB-
zgpg30
65536
C6D6
14290
4
24038.461 Hz
0.366798 Hz
1.3631988 sec
203
20.800 usec
6.50 usec
298.2 K
2.50000000 sec
0.03000000 sec

-4.01 dB
95.49419403 W
100.6228298 MHz

CHANNEL f2 ========
waltzlé
1H
75.00 usec
0.00 dB
13.42 dB
13.42 dB
11.52955914 w
0.52458113 W
0.52458113 W
400.1316005 MHz
32768
100.6126976 MHz
EM
0
1.00 Hz
0
1.40
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'H NMR spectrum for 8ad (C¢Dg)

DO DWW MO~ WL O~ WO N O — fee) — N [}
Il N e e Ne Ne Ne o) e o) o) le) No Nl O oo} N O O
R N A A N R R R RE R - N NN
NAME Jon080614
EXPNO 2
PROCNO 1
Date 20140806
Time 10.38
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 41496
SOLVENT Cce6D6
NS 16
DS 2
SWH 6009.615 Hz
FIDRES 0.144824 Hz
AQ 3.4525173 sec
RG 181
DW 83.200 usec
DE 6.50 usec
TE 298.7 K
I ) ) ) ) I ) ) ' D1 1.00000000 sec
7.5 7.0 ppm TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 9.50 usec
PL1 -5.00 dB
PL1W 36.45966721 W
SFO1 400.1328009 MHz
ST 32768
SF 400.1299978 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
U L . . . quw_l lhl

85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 ppm
ge gl QT
NICIO]| M|~ |NIN N -~ L3ed 32

S23



RSC Advances 2016, 6, 107081. doi: 10.1039/c6ra24291]

C NMR spectrum for 8ad (C¢Dy)
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Y
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<

NAME
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128 ppm PLIW
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PL13W
SFO2
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W
SSB

180 160 140 120 100 80

S24

T T T T 1 R
T T T Gk
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1
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4
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0.366798
1.3631988
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6.50
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2.50000000
0.03000000

-4.01
95.49419403
100.6228298

13.42
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100.6126958
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'"H NMR spectrum for 8ae (CDy)
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NAME Jonl10915
EXPNO 1
PROCNO 1
Date 20151109
Time 13.38
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 41496
SOLVENT Co6D6
NS 16
DS 2
SWH 6009.615 Hz
FIDRES 0.144824 Hz
J AQ 3.4525173 sec
RG 144
DW 83.200 usec
[ T T L T T DE 6.50 usec
TE 297.9 K
7.8 7.6 7.4 7.2 7.0 ppm o1 100000000 sec
TDO 1
======== CHANNEL fl1 ========
NUC1 1H
Pl 9.50 usec
PL1 -5.00 dB
PL1W 36.45966721 W
SFO1 400.1328009 MHz
ST 32768
SF 400.1299977 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
I I L L R L DL I B
85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 ppm

A ek

E‘j}‘
Q|
Lol L o

H

S25
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141.4847
138.0667
137.6941
136.6959
135.9743
134.7775
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§§§

o
o
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~
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——153.3432

/

3C NMR spectrum for 8ae (CDy)
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"H NMR spectrum for 8af (DMSO- d6)
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1

1
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14.32
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41496
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16

2

6009.615
0.144824
3.4525173
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297.4
1.00000000

9.50
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36.45966721
400.1328009
32768
400.1300043
EM

0
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—169.1825

—162.8901
—156.1391

140.7987
138.8243
137.0829
136.9892
133.8021
133.5856
131.9649
131.1517
130.3482
130.2245
129.7594
129.5597
127.4519
125.9166

}
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3C NMR spectrum for 8af (DMSO-d)
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41.3652
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40.9482
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T
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T
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T
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T
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12000

4
24038.461 Hz
0.366798 Hz
1.3631988
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6.50 usec
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'H NMR spectrum for 8ag (C¢Dyg)
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PROCNO 1
Date 20150903
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INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 41496
SOLVENT C6D6
NS 16
DS 2
SWH 6009.615 Hz
FIDRES 0.144824 Hz
AQ 3.4525173 sec
RG 287
DW 83.200 usec
DE 6.50 usec
TE 297.4 K
R IR R T T T T D1 1.00000000 sec
7.8 ppm 7.0 ppm o !
======== CHANNEL fl ========
NUC1 1H
Pl 9.50 usec
PL1 -5.00 dB
PL1W 36.45966721 W
SFO1 400.1328009 MHz
SI 32768
SF 400.1299981 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
UL . ¢ al s

85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 1.0 ppm
B ERE RER | M
o M |N |~ O|N|N - - ™
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195.3336
161.1116
156.0245
144.7085
140.5522
138.9193
137.3240
136.9567
135.3478
133.4211
132.3121
132.0046
130.9633
130.5757
129.9881
129.9057
129.6272
129.2303
128.8276

WSS

135 ppem

N~

"
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3C NMR spectrum for 8ag (C,Dy)
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131 130 rprm
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——36.8435
——21.3047

NAME
EXPNO
PROCNO
Date
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
ST

SF
WDW
SSB
LB

P e T s NI

PC

| | |
180 160 140

| | ' |
120 100 80

S30

I ) I ) 1
40 20 ppm

Jon090315 13C
4

1
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4
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100.6228298

CHANNEL f2 ====

waltzl6
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13.42
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'H NMR spectrum for 8ah (C6D6)
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NAME Jon072815
EXPNO 1
PROCNO 1
Date 20150728
Time 13.34
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2930
TD 41496
SOLVENT C6D6
NS 32
DS 2
SWH 6009.615 Hz
FIDRES 0.144824 Hz
AQ 3.4525173 sec
RG 575
DW 83.200 usec
DE 6.50 usec
TE 297.8 K
D1 1.00000000 sec
TDO 1
I I ======== CHANNEL fl ========

7.5 7.0 ppm NUC1 1H
Pl 9.50 usec
PL1 -5.00 dB
PL1W 36.45966721 W
SFO1 400.1328009 MHz
SI 32768
SF 400.1299979 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

t u uﬂ L.L JLA ik L N Jh

90 85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 2.0 1.0 ppm
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C NMR spectrum for 8ah (CDy)
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NAME Jon072815 13C
EXPNO 1
PROCNO 1
Date 20150729
Time 12.06
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT C6D6
NS 16000
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 228
DW 20.800 usec
DE 6.50 usec
TE 299.7 K
D1 2.50000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 13C
I Pl 8.00 usec
A, o v PL1 -4.01 dB
" ML o PL1W 95.49419403 W
T — T SFO1 100.6228298 MHz
135 130 ppm ======== CHANNEL f2 ========
CPDPRG2 waltzlé
NUC2 1H
PCPD2 75.00 usec
PL2 0.00 dB
PL12 13.42 dB
PL13 13.42 dB
PL2W 11.52955914 W
PL12W 0.52458113 W
PL13W 0.52458113 W
SFO2 400.1316005 MHz
SI 32768
SF 100.6126965 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
I ! I ! I ! I ! I ! I ! I ! ! I ! ]
180 160 140 120 100 80 60 40 20 ppm
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DSC traces for enaminone 5ab.

Sample: R2 DSC File: C:\TA\Data\DSC\Krystyna\Roman_14\R2.001
Size: 3.2000 mg Operator: Krystyna
Method: Cyclic Run Date: 17-Jan-2014 10:48

Instrument: DSC Q2000 V24.10 Build 122
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Deuterated Solvent (MeOD) Experimental Data and Product Ratios

Figure S1. Reaction of ketone 1a and diamine 4a to enaminone Saa
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Figure S2. Reaction of ketone 1a and diamine 4a to diazepine 8aa
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Figure S3. Cyclization of non-deuterated enaminone Saa to diazepine 8aa
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Post-reaction ratios of deuterated products

Reaction  d, (%) d, (%) d, (%) ds(%) d,(%) ds (%)

la + 4a > 5aa 1.6 8.8 34.1 55.0 0.2 0.5

la+4a—>8aa 62 25.6 46.9 18.8 24 0.0
S5aa - 8aa 50 19.2 34.0 29.9 12.0 0.0
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