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Sé6. Computational details

S1. Spectral data of byproducts (E)-1,2-diphenylethene (5a) and (E)-1,2-diphenyldiazene
(42)

(E)-1,2-Diphenylethene (5a):!
J

Yellow solid; m.p.78-80 °C; 'H NMR (CDCls, 400 MHz): § 7.52 (d, J = 8.0 Hz, 4H), 7.35 (t, J =
8.0 Hz, 4H), 7.25 (t, J = 8.0 Hz, 2H), 7.11 (s, 2H); 3C NMR (CDCl;,100 MHz): & 137.4, 128.8,
128.7, 127.6, 126.5; IR (CHCL3): vimax 3437, 2922, 1621, 1597, 1577, 1495, 1451 cm'; GC-MS:
m/z (EI) 210 (M*, 7), 105 (100), 77 (64), 51 (17).

(E)-1,2-Diphenyldiazene (4a):2
o |

Orange solid; m.p. 67-69°C; '"H NMR (CDCls, 400 MHz): 6 7.93 (d, J = 8.0 Hz, 4H), 7.53-7.45
(m, 6H); 3C NMR (CDCl;,100 MHz): & 152.7, 131.0, 129.1, 122.9; IR (CHCI3): vpnax 3444,
1633, 1642, 1454, 1419, 1018 cm™'; GC-MS: m/z (EI) 182 (M*, 21), 152 (10), 105 (14), 77 (100),
51 (26).
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S2. Spectral data scans of 1,2-diketones (3a-3x)
S2.a. 'H, 13C and DEPT-135 NMR of benzil (3a):
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S2.b. 'H, 13C, DEPT-135 and '°F NMR of 1-phenyl-2-(4-(trifluoromethyl) phenyl) ethane-

1,2-dione (3b):
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DEPT-135
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S2.c. 'H, 3C, DEPT-135 and °F NMR of 1-phenyl-2-(4-(trifluoromethoxy) phenyl) ethane-
1,2-dione (3¢):

TH NMR
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S2.d. 'H, 13C, DEPT-135 and F NMR of 1-phenyl-2-(3-(trifluoromethyl) phenyl) ethane-

1,2-dione (3d)

'H NMR
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S2.e. 'H, 3C and DEPT-135 NMR of 1-(4-iodophenyl)-2-phenylethane-1,2-dione (3e):

TH NMR

9.5 9.0 8.5 8.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

50 45
f1 (ppm)

13C NMR

[N OO ENH o
@ SARNSan ©
mm VINANHND [u]
LX) MmMmMmmMmMmaN =]
o o v o -
W S\ [

T T T
200 190 180 170 160 150 140 130 120 110 ¢ 100 90 80 70 60 50 40 30 20 10 o
1 (ppm)

S11



DEPT-135

rEHEN
SHSaH
VN =ENO
G EEGE
oo -
AN

210

T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 1f10( 10)0 90 80 70 60 50 40 30 20 10
1 (ppm

S12



S2.f. 'H, 3C and DEPT-135 NMR of 1-phenyl-2-(p-tolyl)ethane-1,2-dione (3f)
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DEPT-135
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S2.g. 'H, 3C and DEPT-135 NMR of 1-(4-ethynylphenyl)-2-phenylethane-1,2-dione (3g)

'H NMR
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S2.h. 'H, 3C and DEPT-135 NMR of 1-phenyl-2-(4-propylphenyl)ethane-1,2-dione (3h)

'H NMR
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S2.i. 'H, 3C and DEPT-135 NMR of 1-(4-(tert-butyl)phenyl)-2-phenylethane-1,2-dione (3i)
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S2.j. 'H, 3C and DEPT-135 NMR of 1-(4-fluorophenyl)-2-phenylethane-1,2-dione (3j)

THNMR
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S2.k. 'H, 3C and DEPT-135 NMR of 1-(4-chlorophenyl)-2-phenylethane-1,2-dione (3Kk):

TH NMR
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DEPT-135
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S2.i. 'H, ¥*C and DEPT-135 NMR of 1-(4-bromophenyl)-2-phenylethane-1,2-dione (31):

'H NMR

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

50 45
f1 (ppm)

13C NMR

< @

4  Q@IYRANNAGS a
0 M MANNHd S g g ©
o mmmmmnNN @
- o v v o - ~N
N7 = |

. . . . . . . . . . .
200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 [}
f1 (ppm)

S25
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S2.m. 'H, 3C and DEPT-135 NMR of 1-phenyl-2-(thiophen-3-yl)ethane-1,2-dione 3(m):

TH NMR
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S2.n. 'H, 3C and DEPT-135 NMR of 1-(naphthalen-1-yl)-2-phenylethane-1,2-dione (3n)

TH NMR
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S2.0. 'H, 3C and DEPT-135 NMR of 1-(anthracen-9-yl)-2-phenylethane-1,2-dione (30)

TH NMR

8T°L
Sv'L
'L
6v'L
[4-w4
vS'L
9s°L
6S°L
09°L
9L
69°L
oLL
L
we
€L'L
sLe _
6LL T
8L~ R
00°8 _
z0'8/, —
g/

19'8 V o

89'8 — —

8T°6

sTe _
Y -

om.m

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
f1 (ppm)

10.5

¥8'cTT

88°9CT
LELTT
(4441
[ 4:14 4 A\

TT°6CT —
€S°6CT

.v.n.om.nﬁ
00°'TET
h.n.mm.n\

E€8'VET
T18'8ET

LY'v6T —
90°L6T —

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

200

S31



DEPT-135

8/'1CT
68'TCT
[4: 3144
ﬁn.wNﬂ/

€£97T\
(e LT
90°8Z1T
60°6ZT
85°6ZT
9461
8L°EET
LLLET

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190

S32



S2.p. 'H, 3C and DEPT-135 NMR of 1-([1,1'-biphenyl]-4-yl)-2-phenylethane-1,2-dione
(3p):

'H NMR
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S2.q. 'H, 3C, DEPT-135 and °’F NMR of 1-(4-methoxyphenyl)-2-(4-(trifluoromethoxy)
phenyl) ethane-1,2-dione (3q):
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DEPT-135

'F NMR
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S2.r. 'H, 3C, DEPT-135 and °F NMR of 1-(p-tolyl)-2-(4-(trifluoromethyl) phenyl) ethane-
1,2-dione (3r):
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S2.s. TH, 13C, DEPT-135 and '°F NMR of 1-(4-ethylphenyl)-2-(4-(trifluoromethyl) phenyl)
ethane-1,2-dione (3s):
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S2.t. 'H, 3C and DEPT-135 NMR of 1-(4-(tert-butyl) phenyl)-2-(p-tolyl) ethane-1,2-dione
3t):
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S2.t. 'H, 3C, DEPT-135 and °F NMR of 1-(4-fluorophenyl)-2-(4-methoxyphenyl) ethane-

1,2-dione (3u)
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S2.v. 'H, 3C and DEPT-135 NMR of 1-(4-iodophenyl)-2-(4-methoxyphenyl) ethane-1,2-
dione (3v):
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S2.w. 'H, BC and DEPT-135 NMR of 1-(4-bromophenyl)-2-(thiophen-3-yl)ethane-1,2-
dione (3w):

'H NMR
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S2.x. 'H, 3C and DEPT-135 NMR of 1-(4-fluorophenyl)-2-(naphthalen-1-yl)ethane-1,2-
dione (3x):
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S3. Spectral data scans of imidazoles 7a-d and trifenagrel (8)
S3.a. 'H, 3C and DEPT-135 NMR of 2,4,5-triphenyl-1H-imidazole (7a):
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dazole (7b):
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S3.b. 'H, 3C and DEPT-135 NMR of 2-(naphthalen-1-yl)-4,5-diphenyl-1H
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DEPT-135
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S3.c. 'H, 3C and DEPT-135 NMR of 2-(anthracen-9-yl)-4,5-diphenyl-1H-imidazole (7c)
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DEPT-135
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S3.d. 'H, *C and DEPT-135 NMR of 2-(2-(4,5-diphenyl-1H-imidazol-2-yl)phenoxy)-N,N-

dimethylethan-1-amine (7d):

THNMR
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DEPT-135
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S3.e. 'H, 3C and DEPT-135 NMR of 2-(2-(4,5-diphenyl-1H-imidazol-2-yl)phenoxy)-N,N-

dimethylethanamine (Trifenagrel, 8):

'H NMR
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DEPT-135
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S4. TH NMR, 13C NMR and DEPT-135 NMR of (E)-1,2-diphenylethene (5a):

'H NMR
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S5. ™H, 3C and DEPT-135 NMR of (E)-1,2-diphenyldiazene (4a):

TH NMR
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S6. Computational details

Absolute Free energies calculated using quantum chemical methods

The absolute free energy values of all the species involved in the proposed reaction mechanism
were calculated using B3LYP/6-311+G(d,p) method and are given in Table S1. The compounds
IVb and V are relatively stable in their cis configuration (w.r.t OOH" group and Co(acac), group)
compared to its trans configuration. Hence, in the main scheme they are mentioned in cis
configuration and the free energies of cis configuration are taken into consideration. The trans
configurations of the compounds IVb and V are labelled as IVb_trans and V_trans and their
absolute free energy values are given in Table S1. The free energy difference between the cis and
trans configurations of compounds IVb and V were calculated to be 2.66 and 2.0 kcal/mol,

respectively.

Table 1: Absolute free energy values of the species involved in the proposed reaction
mechanism.

S.No. | Compound | Free Energy (kcal/mol)
1 la -342.916385
2 2a -308.398494
3 1 -341.714712
4 I -341.112554
5 I -231.563402
6 Co(acac), -678.354936
7 Iva -986.11067
8 IVb -1137.077129
9 IVb_trans -1137.072883
10 |V -1368.758841
11 V_trans -1368.75563
12 | VI -1513.928533
13 | VII -1293.012156
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14 | VI -1444.014675
15 |IX ~1589.189523
14 |3a -689.977392
15 [N, -109.572556
16 |0, -150.324188
17 | HOO -150.966083
18 | Ag,0 -366.76019
19 | AgO’ -220.937

20 | AgOH 221.610543
21 | Ag’ -145.775946
2 | -0.51281

23 | H,0, -151.597937

Cartesian coordinates of the species involved in the proposed reaction mechanism

Co(acac),

0 2
C 2.55641000 1.21543600 0.00004000
C 3.24159800 0.00000000 0.00000500
H 4.32314300 0.00000000 0.00000800
C 2.55641000 -1.21543600 -0.00003200
@) 1.29640000 1.37192200 0.00004100
@) 1.29639900 -1.37192200 -0.00003800
Co 0.00000000 0.00000000 -0.00000100
C -2.55641000 1.21543600 0.00003300
C -3.24159800 0.00000000 -0.00000300
H -4.32314300 0.00000000 -0.00000500
C -2.55641000 -1.21543600 -0.00003900
0 -1.29640000 1.37192200 0.00003900
0 -1.29640000 -1.37192200 -0.00004300
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S6. Plausible mechanism based on thereotical calculations

On the basis of these results and previous work, we proposed a reaction mechanism for coupling
of phenylacetylenes and phenyl hydrazine as depicted in Scheme 2,3-® and verified its feasibility
using quantum chemical analysis (B3LYP/6-311+G(d,p)). The reaction possibly involves in situ

C—H activation of terminal alkynes which proceeds via free-radical formation to give 1,2-
dicarbonyl compound 3a. Phenyl hydrazine acts as a radical source. Under oxidative condition, it
leads to the formation of phenyl radical IIL.%!3 The electron-rich phenylacetylene (2a) reacts
with Co(acac), to form cobalt(Il)-phenyl acetylene complex IVa. Formation of similar complex
has been earlier reported.!# The atmospheric oxygen acts as an oxygen donor, which undergoes
hydrogen peroxy radical linkage with complex I'Va to give colbalt (II)-styryl complex IVb. The
complex IVb upon coupling with phenyl radical III gives cobalt (II) stilbene intermediate V.
The Ag: radical (formed from Ag,O) couples with the peroxy radical to form cobalt (II) stilbene
silver peroxy linkage VI. The elimination of silver oxide radical (AgO-) produces cobalt (II) 2-
phenylacetophenone radical VII. The generated cobalt (II) 2-phenylacetophenone radical then
couples with hydrogen peroxide radical to form cobalt (II) hydrogen peroxy 2-
phenylacetophenone VIII followed by silver oxide mediated coupling to give cobalt (II) silver
peroxy linkage 2-phenylacetophenone IX. Finally elimination of silver oxide radical (which may
react with hydrogen peroxide radical to give silver hydroxide and molecular oxygen) and
Co(acac), leads to the formation of 1,2-diketone 3a. It is interesting to note that all the steps in
the above mentioned reaction mechanism are exergonic, except the formation of IV (which is
endergonic). The possibility of free-radical mechanism was investigated by performing reaction
in the presence of free-radical quencher TEMPO. Reaction performed in presence of TEMPO
produced trace amounts of product 3a. This observation clearly indicated that the reaction

involves free-radical mechanism.
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Scheme S1. Plausible reaction mechanism with corresponding free energy values at each step. The reaction V —
VI and VIII — IX are associated with the initial conversion Ag;0—Ag'+AgO". The AgO" generated during VI —
VII and IX — 3a is expected to undergo AgO'+HOO —AgOH+0, reaction which is exoergic by 19.86 kcal/mol.
The free energy values in the above scheme are given in kcal/mol. A model system of Co(acac), with no methyl
groups, was used for the quantum chemical calculations. The 3D structure of the optimized IVb is shown. On a
potential energy surface, this species (IVb) could be identified and is stable. The Co-C=C- angle in the optimized
IVb structure is 141°. Hence, the angle has been elongated for IVb structure in scheme 2. This angle could have
been even more than 141° or could have even been linear, but the intramolecular hydrogen bond interaction of —
OOH and oxygens from Co(acac), renders it to have a bent shaped structure. This intramolecular hydrogen bond
gives this structure an extra stability. The absolute energy calculations and 3D coordinates are provided in the
section S3 of supporting information.
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