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1. General remarks

Dichloromethane (DCM) was freshly distilled over calcium hydride. All reactions were
performed in oven-dried glassware under argon atmosphere. Preparative thin layer
chromatography (TLC) plates were prepared with silica gel 60 GF254 MercK (Ref.
1.07730.1000). Reaction mixtures were analysed by TLC using ALUGRAM® SIL G/UV254
from MN (Ref. 818133, silica gel 60), and visualisation of TLC spots was effected using
ultraviolet (UV) and phosphomolybdic acid solution. Nuclear magnetic resonance (NMR)
spectra were recorded in a Bruker AMX 400 and in a Bruker Avance II 300 using CDCl; and
(CD;),S0 as solvents and (CH;),Si (‘H) as internal standard. All coupling constants are
expressed in Hz. Electrospray ionization (ESI) mass spectra were recorded in a mass
spectrometer (Micromass Quattro Micro API, Waters, Ireland) with a Triple Quadrupole (TQ)

and with an electrospray ion source operating in positive mode. Elemental analysis was
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performed in a Flash 2000 CHNS-O analyzer (ThermoScientific, UK). Infrared (IR) spectra
were recorded on a shimadzu IRAffinity-1 FTIR spectrometer (KBr) and reported in reciprocal
centimeters (cm-1). Melting points were measured on a Stuart SMP10 digital melting point
apparatus. N-heterocyclic carbenes (NHCs) were prepared following reported procedures'”,
except 1-Mesityl-3,4-dimethyl-4H-1,2,4-triazolium tetrafluoroborate which was purchased from
Aldrich. All bases were acquired from Sigma-Aldrich. Diazo compounds were prepared
according to procedures described in the literarure™. Aldehydes were obtained from Sigma-

Aldrich and were freshly distilled before use. Lewis acids were purchased from Sigma-Aldrich.

2. Optimization of the reaction conditions

NHC (x mol %) and base (x mol %) were dissolved with freshly dry solvent (0.5 mL) in a round
bottom flask under argon. The mixture was stirred for 10 minutes at room temperature. Then a
solution of 2-diazo-2-phenylacetate 2 (0.477 mmol in 0.5 mL of solvent) was added.
Immediately after, cinnamaldehyde 1 (0.715 mmol) was slowly added over an hour. The
mixture was left reacting until most of diazo compound was consumed. The final product, (E)-
N-Acylhydrazone 3, was isolated by preparative thin layer chromatography (eluent: DCM) and
recrystallized (DCM/Hexane).

e NHC scope
0 (0] (0] (0]

NHC (20 mol %)
DBU (40 mol %

/\)I\ + Ph 0/ (40 mol %) > Ph/\)J\N/N\ 0/

Ph H DCM (1 mL), H
N, Room Temperature, Argon Ph
1 - 1.5 equivalents 2 - 1 equivalent 3

Table 1. NHC scope

NHCs Yield (%)
NHC 4 51
NHC 5 56
NHC 6 Traces

NHC 7 (SImes) 91
NHC 8 15
NHC 9 Traces
NHC 10 37
NHC 11 76

e Base scope
o N Stmes (20 mol %) N i
T e
N, Room Temperature, Argon Ph
1- 1.5 equivalents 2 - 1 equivalent 3

S2



Table 2. Base scope

Base Yield (%)
1,8-Diazabicyclo[5.4.0]Jundec-7-ene (DBU) 91
N,N-Diisopropylethylamine Traces
Sodium fert-butoxide NR
Potassium bis(trimethylsilyl)amide Traces
Triethylamine Traces
e Solvent scope
o) (0] (0]

SImes (20 mol %)
/\)j\ . Ph - DBU (40 mol %) >
Ph H 0 Solvent (1 mL),
N, Room Temperature, Argon

1 - 1.5 equivalents 2 - 1 equivalent

Table 3. Solvent scope

Solvent Yield (%)
DCM 91
Methanol 70
Acetonitrile 90
Toluene 39
Tetrahydrofuran 65

e Cinnamaldehyde equivalents scope

o) (0}

(0]
/\)j\ SImes (20 mol %)
Ph DBU (40 mol %) /\)]\
Ph X n " %O/ > X N

DCM (1 mL),
N, Room Temperature, Argon

1 - x equivalents 2 - 1 equivalent

Table 4. Cinnamaldehyde equivalents scope

Cinnamaldehyde (equivalents) Yield (%)
1 75
1.2 82
1.5 91
1.7 87
2 90

(0}
N
Ph
3
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e Scope of the amount of catalysts

SImes (x mol %)
DBU 1 %
/\)I\ + Ph 0/ (x mol %) > Ph/\)j\N/N\ 0/
Ph H DCM (1 mL), H
N, Room Temperature, Argon Ph
1 - 1.5 equivalents 2 - 1 equivalent 3

Table 5. Scope of the amount of catalysts

SImes (mol %) DBU (mol %) Yield (%)
15 30 70
20 40 91
22.5 45 88

3. General procedure for the synthesis of N-Acylhydrazones

To a round bottom flask under argon were added freshly dry DCM over calcium hydride (0.5
mL), SImes (20 mol %) and DBU (40 mol %). The mixture was allowed to react at room
temperature for 10 minutes, after which a solution of the diazo compound (1 equivalent, 0.477
mmol in 0.5 mL of dichloromethane) was also added. After that, aldehyde (1.5 equivalents,
0.715 mmol) was slowly added over an hour, neat or in the minimal amount of dry DCM. The
mixture was left reacting until most of diazo compound was consumed. The final product, (£)-
N-Acylhydrazone, was isolated by preparative thin layer chromatography (Eluent: DCM or
DCM:Methanol) and recrystallized (DCM/Hexane).

0 ) 0 0
)I\ NHC (20 mol %)
R, R; DBU (40 mol %) _N Ry
Ry H o~ > R N o~
DCM (1 mL), H
N2 RZ

Room Temperature, Argon

4. Isomerization Procedure

To a round bottom flask under argon were added freshly dry 1,2-dichloroethane (DCE) over
calcium hydride (3 mL), Lewis acid (10 mol %) and (£)- N-Acylhydrazone 3 (0.162 mmol).
The mixture was refluxed for 20 hours. (Z)- N-Acylhydrazone 12 was isolated by preparative
thin layer chromatography (Eluent: DCM) and recrystallized (DCM/Hexane).

(0] (0]
/\)I\ N e
0 0 Ph” N N x o
N, Lewis Acid (10 mol %) Ph
Ph/\)‘\N - \H‘\O/ : (E)- N-Acylhydrazone 3
H
Ph

DCE (3 mL), +
Room Temperature, Argon o

(E)- N-Acylhydrazone 3 /\)‘\ N Ph
Ph” N N~ j:
H
0 o™

(2)- N-Acylhydrazone 12
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5. Spectra data for N-Acylhydrazones 3, 12-30

(E)-methyl 2-(2-cinnamoylhydrazono)-2-phenylacetate (3)
(o] (o]
N
WH/ \E o

White solid; m.p. 209-211 °C; '"H NMR (300 MHZ, (CD3),SO): & 10.54 (s, 1H), 7.72 — 7.50 (m,
6H), 7.50 — 7.29 (m, 5H), 7.11 (m, 1H), 3.77 (s, 3H); °C NMR (75 MHZ, (CD5),SO): & 164.29,
142.43, 134.62, 130.29, 130.05, 129.91, 129.05, 128.99, 128.78, 128.07, 52.56; IR (KBr): v
3167, 1712, 1666, 1620, 1587; MS (ESI): m/z ((M+H]"): 309; Elemental analysis calcd (%) for
CisH16N20O5: C 70.12, H 5.23, N 9.09; found (%): C 70.25, H 5.27, N 9.13

(Z)-methyl 2-(2-cinnamoylhydrazono)-2-phenylacetate (12)

0
N
WN/ A
H
o” Yo~

White solid; m.p. 162-164 °C; '"H NMR (300 MHZ, (CD3),S0): & 11.59 (s, 1H), 7.82 — 7.59 (m,
5H), 7.56 — 7.40 (m, 6H), 7.04 (m, 1H), 3.95 (s, 3H); >C NMR (75 MHZ, (CD3),SO):  163.10,
143.58, 142.60, 134.59, 133.41, 130.29, 130.00, 129.04, 128.67, 128.23, 127.18, 119.82,
116.08, 53.01; IR (KBr): v 3219, 1694, 1670, 1622, 1599; MS (ESI): m/z ((IM+H]"): 309;
Elemental analysis caled (%) for CigH6N,O5 . 1/,H,0: C 68.78, H 5.34, N 8.91; found (%): C
68.89, H 5.17, N 8.97

(E)-methyl 2-(2-(4-methoxycinnamoyl)-hydrazono)-2-phenylacetate (13)
o o
N
/Q/\)‘\n/ N7
o

White solid; m.p. 193-195 °C; "H NMR (300 MHZ, CDCls): § 8.69 (s, 1H), 7.82 (d, J=15.9 Hz,
1H), 7.61 (d, J = 7.8 Hz, 2H), 7.57 — 7.49 (m, 3H), 7.40 — 7.37 (m, 1H), 7.29 (dd, J= 7.1, 1.7
Hz, 2H), 6.93 (d, J = 8.4 Hz, 2H), 3.90 (s, 3H), 3.86 (s, 3H); °C NMR (75 MHZ, CDCl;): &
164.26, 161.69, 145.33, 130.60, 130.45, 129.81, 129.52, 128.82, 128.46, 128.20, 127.60,
114.44, 112.78, 55.71, 53.23; IR (KBr): v 3153, 1710, 1680, 1618, 1591; MS (ESI): m/z
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(IM+H]"): 339; Elemental analysis calcd (%) for C1oH sN,Os: C 67.44, H 5.36, N 8.28; found
(%): C 66.73, H 5.38, N 8.17

(E)-methyl 2-(2-(4-dimethylaminocinnamoyl)-hydrazono)-2-phenylacetate (14)

\ /N\ S~

Iz

N
Yellow solid; m.p. 196-198 °C; '"H NMR (400 MHZ, CDCls): & 8.66 (s, 1H), 7.81 (d, J = 16.0
Hz, 1H), 7.61 — 7.47 (m, 5H), 7.46 — 7.32 (m, 1H), 7.29 (d, J= 7.6 Hz, 2H), 6.71 (d, J = 7.6 Hz,
2H), 3.90 (s, 3H), 3.04 (s, 6H); >°C NMR (101 MHZ, CDCl;): 5 168.18, 164.30, 152.13, 146.34,
141.91, 140.46, 130.55, 130.50, 129.77, 128.93, 128.51, 111.99, 109.01, 53.01, 40.39; IR

(KBr): v 3169, 1736, 1707, 1663, 1593; MS (ESI): m/z ((M+H]"): 352; Elemental analysis calcd
(%) for CoH2N;05: C 68.36, H 6.02, N 11.96; found (%): C 68.49, H 6.09, N 11.91

(E)-methyl 2-(2-(4-chlorocinnamoyl)-hydrazono)-2-phenylacetate (15)
(0] (o]

N
\ N/ \ 0/
H

Cl

White solid; m.p. 194-196 °C; '"H NMR (300 MHZ, (CD3),SO): & 10.56 (s, 1H), 7.79 — 7.58 (m,
3H), 7.58 — 7.42 (m, 5H), 7.42 — 7.29 (m, 2H), 7.29 — 6.93 (m, 1H), 3.77 (s, 3H); C NMR (75
MHZ, (CD;),SO): 6 164.30, 141.02, 134.67, 133.58, 129.98, 129.90, 129.72, 129.07, 128.97,
128.75, 120.79, 52.53; IR (KBr): v 3157, 1718, 1672, 1620, 1587; MS (ESI): m/z ([M+H]):
343, 345; Elemental analysis calcd (%) for C,sH;sCIN,Os: C 63.07, H 4.41, N 8.17; found (%):
C63.32,H447,N8.16

(E)-methyl 2-(2-crotonoylhydrazono)-2-phenylacetate (16)
0 o

/\)‘\N/N\ o~

H

White solid; m.p. 141-143 °C; '"H NMR (300 MHZ, (CD;),SO): & 10.34 (s, 1H), 7.57 — 7.42 (m,
3H), 7.39 — 7.25 (m, 2H), 6.99 — 6.82 (m, 1H), 6.39 (m, 1H), 3.75 (s, 3H), 1.86 (d, J= 2.7 Hz,

S6



3H); *C NMR (75 MHZ, (CD3),S0): 164.28, 129.98, 129.77, 128.90, 128.70, 52.47, 17.94; IR
(KBr): v 3169, 1720, 1672, 1635, 1587; MS (ESI): m/z ((M+H]"): 247; Elemental analysis calcd
(%) for Cy3H14N,05: C 63.40, H 5.73, N 11.38; found (%): C 62.86, H 5.68, N 11.24

(E)-ethyl 2-(2-cinnamoylhydrazono)-2-(4-bromophenyl)-acetate (17)
(o] o

\ 7 N\ 0/\

Iz

Br

White solid; m.p. 180-182 °C; 'H NMR (300 MHZ, CDCl;): § 8.68 (s, 1H), 7.86 (d, J = 15.9
Hz, 1H), 7.69 (d, J = 8.4 Hz, 2H), 7.66 — 7.45 (m, 3H), 7.45 — 7.29 (m, 3H), 7.19 (d, /= 8.4 Hz,
2H), 4.36 (q, J = 7.2 Hz, 2H), 1.38 (t, J = 7.2 Hz, 3H); °C NMR (75 MHZ, CDCl;): § 167.28,
163.30, 145.94, 140.29, 134.78, 133.08, 130.71, 130.20, 129.04, 128.67, 127.60, 125.14,
115.32, 62.32, 14.39; IR (KBr): v 3215, 1719, 1678, 1626, 1609; MS (ESI): m/z ((M+H]"): 401,
403; Elemental analysis calcd (%) for C19H7BrN,Os: C 56.87, H 4.27, N 6.98; found (%): C
56.66, H 4.32, N 6.88

(E)-ethyl 2-(2-(4-methoxycinnamoyl)-hydrazono)-2-(4-bromophenyl)-acetate (18)

N
A NT N o/\
H

Br

White solid; m.p. 196-198 °C; "H NMR (300 MHZ, CDCls): § 8.64 (s, 1H), 7.82 (d, J=15.9 Hz,
1H), 7.68 (d, J = 8.1 Hz, 2H), 7.58 (d, J = 8.1 Hz, 2H), 7.44 (d, /=159 Hz, 1H), 7.18 (d, J =
8.4 Hz, 2H), 6.93 (d, /= 8.4 Hz, 2H), 4.36 (q, J = 7.2 Hz, 2H), 3.85 (s, 3H), 1.37 (t,J = 7.2 Hz,
3H; °C NMR (75 MHZ, CDCL): & 163.35, 161.79, 145.59, 133.06, 131.48, 130.42, 130.22,
127.67, 127.57, 125.11, 114.47, 112.61, 62.28, 55.54, 14.34; IR (KBr): v 3177, 1707, 1667,
1620, 1603; MS (ESI): m/z ([M+H]"): 431, 433; Elemental analysis caled (%) for
CH9BrN,O4: C 55.70, H 4.44, N 6.50; found (%): C 55.86, H 4.51, N 6.44
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(E)-ethyl 2-(2-cinnamoylhydrazono)-2-(3-pyridinyl)-acetate (19)
(0] (o]
N
Wu/ e
a
N N

White solid; m.p. 179-181 °C; "H NMR (400 MHZ, (CD5),SO): & 10.88 (s, 1H), 8.73 — 8.64 (m,
1H), 8.55 (s, 1H), 7.82 (d, J = 7.2 Hz, 1H), 7.73 — 7.50 (m, 4H), 7.47 — 7.38 (m, 3H), 7.38 —
6.75 (m, 1H), 4.25 (q, J = 7.2 Hz, 2H), 1.26 (t, J = 7.2 Hz, 3H); C NMR (101 MHZ,
(CDs),S0): 0 163.58, 150.53, 149.31, 137.00, 134.58, 130.35, 129.10, 128.05, 126.92, 123.93,
61.63, 14.37; IR (KBr): v 3157, 1709, 1672, 1620, 1576; MS (ESI): m/z ([M+H]"): 324
Elemental analysis calcd (%) for C;sH7N30; . 1/,H,0: C 65.64, H 5.41, N 12.76; found (%): C
65.94, H 5.23, N 12.99

(E)-ethyl 2-(2-(4-dimethylaminocinnamoyl)-hydrazono)-2-(3-pyridinyl)-acetate (20)
(o] o
N
Wu/ e
\N Z |
N

Yellow solid; m.p. 189-191 °C; 'H NMR (400 MHZ, (CD3),SO): & 10.70 (s, 1H), 8.68 (d, J =
3.6 Hz, 1H), 8.53 (s, 1H), 7.80 (d, J = 7.6 Hz, 1H), 7.62 — 7.52 (m, 3H), 7.43 (d, J = 7.6 Hz,
2H), 6.72 (d, J = 8.4 Hz, 2H), 4.24 (q, J = 7.2 Hz, 2H), 2.96 (s, 6H), 1.26 (d, J = 7.2 Hz, 3H);
C NMR (101 MHZ, (CD;),SO): & 163.84, 151.76, 150.35, 149.26, 137.00, 129.96, 127.02,
124.04, 122.03, 112.01, 61.52, 14.26; IR (KBr): v 3150, 1734, 1717, 1663, 1585; MS (ESI): m/z
([IM+H]"): 368; Elemental analysis calcd (%) for C0H2N4O5 . 1/,H,0: C 64.5, H 6.13, N 15.04;
found (%): C 64.45, H 5.95, N 15.08

(E)-ethyl 2-(2-cinnamoylhydrazono)-2-phenylacetate (21)
(o) (0]
N
wu/ \E o™

White solid; m.p. 177-179 °C; "H NMR (400 MHZ, CDCLy): § 8.73 (s, 1H), 7.86 (d, J = 16.0
Hz, 1H), 7.64 (m, 3H), 7.59 — 7.48 (m, 3H), 7.41 (m, 3H), 7.30 (d, J = 6.8 Hz, 2H), 4.36 (d, J =
7.0 Hz, 2H), 1.38 (d, J = 7.0 Hz, 3H); °C NMR (101 MHZ, CDCls): § 167.58, 163.63, 145.50,
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141.37, 134.89, 130.60, 130.57, 129.77, 129.01, 128.84, 128.63, 128.45, 115.58, 62.18, 14.33;
IR (KBr): v 3169, 1708, 1676, 1620, 1585; MS (ESI): m/z ((M+H]"): 323; Elemental analysis
calcd (%) for Ci9H1sN,O5: C 70.79, H 5.63, N 8.69; found (%): C 71.17, H 5.75, N 9.07

(E)-ethyl 2-(2-(4-methoxycinnamoyl)-hydrazono)-2-phenylacetate (22)
(0] (0]
N
wu/ Y e
\0

White solid; m.p. 178-180 °C; "H NMR (400 MHZ, CDCls): § 8.69 (s, 1H), 7.81 (d, J = 16.0 Hz,
1H), 7.60 (d, J = 7.6 Hz, 2H), 7.57 — 7.40 (m, 4H), 7.29 (d, /= 7.6 Hz, 2H), 6.93 (d, J = 8.8 Hz,
2H), 4.36 (q, J = 7.2 Hz, 2H), 3.85 (s, 3H), 1.38 (t, J = 7.2 Hz, 3H); °C NMR (101 MHZ,
CDCl;): 6 167.58, 163.70, 161.85, 145.24, 130.51, 130.37, 129.75, 128.92, 128.47, 127.67,
114.46, 112.96, 62.13, 55.53, 14.3; IR (KBr): v 3154, 1711, 1672, 1618, 1603; MS (ESI): m/z
(IM+H]"): 353; Elemental analysis calcd (%) for C,0H,oN,O,: C 68.17, H 5.72, N 7.95; found
(%): C 68.17, H 5.96, N 7.53

(E)-isopropyl 2-(2-cinnamoylhydrazono)-2-phenylacetate (23)

(o} (0]
N J\
x u S (o)

White solid; m.p. 147-149 °C; "H NMR (300 MHZ, (CD5),S0): & 10.50 (s, 1H), 7.72 — 7.56 (m,
3H), 7.56 — 7.47 (m, 3H), 7.47 — 7.39 (m, 3H), 7.39 — 7.29 (m, 2H), 7.06 (m, 1H), 5.04 (hept, J
= 6.3 Hz, 1H), 1.26 (d, J = 6.3 Hz, 6H); °C NMR (75 MHZ, (CD;),SO): & 163.32, 134.62,
130.21, 130.05, 129.81, 129.01, 128.90, 128.71, 127.97, 69.05, 21.73; IR (KBr): v 3175, 1709,
1670, 1618, 1589; MS (ESI): m/z ((M+H]"): 337; Elemental analysis calcd (%) for CooH,oN,O5:
C 71.41,H 5.99, N 8.33; found (%): C 70.97, H 5.83, N 8.20
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(E)-isopropyl 2-(2-(4-methoxycinnamoyl)-hydrazono)-2-phenylacetate (24)

White solid; m.p. 165-167 °C; '"H NMR (400 MHZ, CDCLs): & 8.69 (s, 1H), 7.81 (d, J= 16.0 Hz,
1H), 7.59 (d, J = 8.0 Hz, 2H), 7.56 — 7.43 (m, 4H), 7.29 (d, J = 6.8 Hz, 2H), 6.93 (d, J = 8.0 Hz,
2H), 5.19 (hept, J = 6.0 Hz, 1H), 3.85 (s, 3H), 1.35 (d, J = 6.0 Hz, 6H); °C NMR (101 MHZ,
CDCl;): *C NMR (101 MHz, CDCls) § 167.62, 163.45, 161.87, 145.23, 141.31, 130.43, 130.32,
129.69, 129.00, 128.46, 127.72, 114.47, 113.09, 69.94, 55.53, 21.91; IR (KBr): v 3157, 1705,
1672, 1601, 1591; MS (ESI): m/z ((M+H]"): 367; Elemental analysis calcd (%) for CyH,,N,04:
C 68.84, H 6.05, N 7.65; found (%): C 68.58, H6.11, N 7.59

(E)-methyl 2-(2-((E)-2-methyl-3-phenylacryloyl)hydrazono)-2-phenylacetate (25)

Yellow solid; m.p. 124-126 °C; '"H NMR (300 MHZ, (CD;),SO): & 10.14 (s, 1H), 7.63 — 7.50
(m, 3H), 7.50 — 7.43 (m, 2H), 7.43 — 7.26 (m, 5H), 7.12 (s, 1H), 3.79 (s, 3H), 1.99 (s, 3H); °C
NMR (75 MHZ, (CD;),S0O): § 166.98, 164.23, 143.88, 135.28, 134.81, 130.97, 130.03, 129.69,
129.44, 128.98, 128.66, 128.50, 128.27, 52.67, 14.46; IR (KBr): v 3348, 1719, 1694, 1624,
1572; MS (ESI): m/z ((M+H]"): 323; Elemental analysis calcd (%) for CjoHsN,O3: C 70.79, H
5.63, N 8.69; found (%): C 70.61, H 5.65, N 8.57

(E)-methyl 2-(2-cinnamoylhydrazono)-2-(naphthalen-1-yl)acetate (26)

N
\ H/ A 0/

¢

White solid; m.p. 211-213 °C; 'H NMR (400 MHZ, CDCLy): § 8.42 (s, 1H), 8.02 (d, J = 8.0 Hz,
1H), 7.96 (d, J = 8.0 Hz, 1H), 7.84 (d, J = 16.0 Hz, 1H), 7.67 (m, 2H), 7.63 — 7.57 (m, 2H), 7.57
~ 7.49 (m, 3H), 7.49 — 7.38 (m, 4H), 3.89 (s, 3H); *C NMR (101 MHZ, CDCL): & 167.20,
164.41, 145.83, 140.79, 134.82, 134.17, 131.12, 130.66, 129.93, 129.18, 129.01, 128.71,
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127.98, 127.33, 127.18, 126.48, 125.76, 124.07, 115.43, 53.12; IR (KBr): v 3223, 1740, 1680,
1634, 1576; MS (ESI): m/z ([M+H]"): 359; Elemental analysis calcd (%) for CyH gN,Os .
1/,H,0: C 72.51, H 5.16, N 7.69; found (%): C 72.66, H 4.94, N 7.71

(E)-methyl 2-(2-benzoylhydrazono)-2-phenylacetate (27)
(o} (o]

Iz

Pale yellow solid; m.p. 145-147 °C; '"H NMR (300 MHZ, (CD;),SO): & 10.66 (s, 1H), 7.68 (d, J
= 7.5 Hz, 2H), 7.63 — 7.50 (m, 4H), 7.50 — 7.36 (m, 4H), 3.79 (s, 3H); °C NMR (75 MHZ,
(CD5),S0): & 165.09, 164.34, 144.44, 133.02, 132.16, 130.03, 129.93, 128.96, 128.75, 128.44,
128.19, 52.70; IR (KBr): v 3057, 1735, 1699, 1678; MS (ESI): m/z ((M+H]"): 283; Elemental
analysis calcd (%) for C¢H4N,O5: C 68.07, H 5.00, N 9.92; found (%): C 67.66, H 5.03, N 9.85

(E)-methyl 2-(2-(4-toluoyl)-hydrazono)-2-phenylacetate (28)

White solid; m.p. 132-134 °C; '"H NMR (300 MHZ, (CD3),SO): & 10.50 (s, 1H), 7.65 — 7.50 (m,
5H), 7.50 — 7.44 (m, 2H), 7.27 (d, J = 7.5 Hz, 2H), 3.79 (s, 3H), 2.34 (s, 3H); °C NMR (75
MHZ, (CD5),SO): 6 164.71, 164.28, 144.22, 142.39, 130.04, 129.99, 129.84, 128.95, 128.70,
128.20, 52.68, 21.05; IR (KBr): v 3179, 1717, 1643, 1609; MS (ESI): m/z ([M+H]"): 297;
Elemental analysis calcd (%) for C;;H sN,O3: C 68.91, H 5.44, N 9.45; found (%): C 68.93, H
5.58,N 9.34

(E)-methyl 2-(2-(4-methoxybenzoyl)-hydrazono)-2-phenylacetate (29)

(o)

Yellow pale solid; m.p. 151-153 °C; 'H NMR (300 MHZ, (CD5),SO): & 10.42 (s, 1H), 7.68 (d, J
= 8.7 Hz, 2H), 7.61 — 7.50 (m, 3H), 7.50 — 7.43 (m, 2H), 7.00 (d, J = 8.7 Hz, 2H), 3.80 (s, 3H),
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3.79 (s, 3H); °C NMR (75 MHZ, (CD;),SO): & 164.31, 164.10, 162.41, 143.85, 130.29, 129.99,
129.85, 128.99, 128.71, 124.77, 113.75, 55.51, 52.56; IR (KBr): v 3167, 1720, 1649, 1600; MS
(ESI): m/z ((M+H]"): 313; Elemental analysis calcd (%) for C;7H ¢N,Oy . 1/,H,0: C 64.14, H
5.28, N 8.80; found (%): C 64.2, H 5.14, N 8.66

(E)-methyl 2-(2-(2-furoyl)-hydrazono)-2-phenylacetate (30)

Pale yellow solid; m.p. 146-148 °C; '"H NMR (400 MHZ, (CD5),S0): § 10.28 (s, 1H), 7.92 (m,
1H), 7.62 — 7.49 (m, 4H), 7.49 — 7.40 (m, 2H), 6.74 — 6.68 (m, 1H), 3.80 (s, 3H); °C NMR (101
MHZ, (CD5),S0): 6 164.00, 146.90, 145.38, 130.26, 129.31, 129.10, 128.70, 112.54, 52.81; IR
(KBr): v 3123, 1697, 1678, 1581; MS (ESI): m/z ((M+H]"): 273; Elemental analysis calcd (%)
for C14H;,N,04: C 61.76, H 4.44, N 10.29; found (%): C 61.3, H 4.6, N 9.88

6. Spectra data for new diazo compound
All diazo compounds used in this scientific work are described on the literature*”, with the

exception of:

Ethyl 2-diazo-2-(3-pyridin)acetate
NOTE: This diazo coumpound was synthesized according to this experimental procedure described in the

literarure.’ z o

N
N o/\

N

Yield: 91%; Yellow solid; m.p. 34-36 °C; "H NMR (400 MHZ, CDCl;): ¢ 8.66 (d, J = 1.6 Hz,
1H), 8.39 (d, J=4.4 Hz, 1H), 7.86 (d, J = 8.0 Hz, 1H), 7.28 (dd, J = 8.0, 4.4 Hz, 1H), 4.33 (q, J
=7.2 Hz, 2H), 1.33 (t, J = 7.2 Hz, 3H); C NMR (101 MHZ, CDCl;): 3 164.68, 146.75, 144.84,
131.32, 123.75, 122.84, 100.21, 61.75, 14.55; IR (KBr): v 2093, 1701; MS (ESI): m/z ((M+H]"):
192; Elemental analysis calcd (%) for CoHyN;0,: C 56.54, H 4.74, N 21.98; found (%): C 56.31,
H4.9,N21.99
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7. X-ray crystal structures of N-Acylhydrazones 3 and 12

Crystals of 3 and 12 suitable for X-ray diffraction studies were mounted on a loop with
protective oil. X-ray data were collected at 150K on a Bruker AXS-KAPPA APEX II
diffractometer using graphite monochromated Mo-Ka radiation ( A=0.71069 A) and operating at
50kV and 30 mA. Cell parameters were retrieved using Bruker SMART'” software and refined
using Bruker SAINT'' on all observed reflections. Absorption corrections were applied using
SADABS". Structure solution and refinement were performed using direct methods with
program SIR97" and SHELXL97", both included in the package of programs WINGX-Version
1.80.05"°. A full-matrix least-squares refinement was used for the non-hydrogen atoms with
anisotropic thermal parameters. All Hcy atoms were inserted in idealized positions and allowed
to refine riding in the parent carbon atom; Hyy atoms were located from difference Fourier

maps and refined.

Crystallographic data for 3 (CCDC 926916): C,sH;sN,O;, fw= 308.33, monoclinic, space group
P2,/n, a=5.568(2) A, b=19.571(6) A, c=14.136(4) A, B= 100.68(2) °, V =1513.6(8) A’, z=4,
T=150K, dea=1.353 mg.m’3, p=0.093 mm’, F(000)=648, colourless crystal (0.22 x 0.03 x 0.02
mm). Of 9272 reflections collected, 2770 were independent (R;,= 0.1493); 221 variables refined
with 2270 reflections to final R indices R;(I > 25(I))=0.0909, wR,(I > 25 (I))=0.2000, R,(all
data)=0.2211, wRy(all data)=0.2422, GOF= 0.890.

Crystallographic data for 12 (CCDC 926917): C;sH¢N,O3, fw= 308.33, monoclinic, space
group P2,/c, a=9.8190(2) A, b=17.137(1) A, ¢=9.3900(8) A, p= 99.540(5) °, V =1558.2(2) A°,
Z=4, T=150K, d.a.=1.314 mg.m'3, pn=10.091 mm’, F(000)=648, colourless crystal (0.2 x 0.04 x
0.03 mm). Of 25978 reflections collected, 3563 were independent (R;,~= 0.0481); 212 variables
refined with 3563 reflections to final R indices R;(I > 2o(1))=0.0399, wRy(I > 2o (1))=0.0910,
Ry(all data)=0.0679, wRy(all data)=0.0988, GOF= 1.033.
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8.  Density functional theory (DFT) calculations for the synthesis of N-
Acylhydrazone 3

Computational details

All calculations were performed using the Gaussian 09 software package,'® without symmetry
constraints. The PBEO functional was employed in the geometry optimisations. That functional
uses a hybrid generalized gradient approximation (GGA), including 25 % mixture of Hartree-
Fock'” exchange with DFT'® exchange-correlation, given by Perdew, Burke and Ernzerhof
functional (PBE)." The optimized geometries were obtained with a standard 6-31G(d,p)* basis
set. Transition state optimizations were performed with the Synchronous Transit-Guided Quasi-
Newton Method (STQN) developed by Schlegel er al,*' following extensive searches of the
Potential Energy Surface. Frequency calculations were performed to confirm the nature of the
stationary points, yielding one imaginary frequency for the transition states and none for the
minima. Each transition state was further confirmed by following its vibrational mode downhill
on both sides and obtaining the minima presented on the energy profiles. The electronic
energies (£y,;) obtained at the PBE0/6-31G(d,p) level of theory were converted to free energy at
298.15 K and 1 atm (Gy;) by using zero point energy and thermal energy corrections based on
structural and vibration frequency data calculated at the same level.

Single point energy calculations were performed using the M06-2X functional and a standard 6-
311++G(d,p)** basis set. That is a hybrid meta-GGA functional developped by Truhlar and
Zhao,” and it was shown to perform very well for main-group kinetics, providing a good
description of long range effects such as van der Waals interactions or 7-m stacking.”*** Solvent
effects (dichloroethane) were considered in the M06-2X/6-311G(d,p)//PBE0/6-31G(d,p) energy
calculations using the Polarizable Continuum Model (PCM) initially devised by Tomasi and
coworkers® with radii and non-electrostatic terms of the SMD solvation model, developped by

Truhler e al.”’

soln

The free energy values presented along the text (Gy,

values obtained at the M06-2X/6-311G(d,p)//PBE0/6-31G(d,p) level, including solvent effects

) were derived from the electronic energy

(Ex2™™), according to the following expression: Gy,™" = Ep,*™ + Gy — E
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10. Copies of 'H, *C NMR, infrared and ESI spectra of N-Acylhydrazones 3, 12-

30 and new diazo compound.

e N-Acylhydrazone (3):

ﬁ. HESARORNE = 3 3
=] ERerinc P - P L1200
| R e |
1100
o 0
N - 1000
N
H
-300
HE00
700
-500
500
I ;
| |II -
| 400
| |
[
[ { 300
[ |
| | |
7 J - Wi | om0
I|'| |'\I \ | ‘
I ) | ||. | | 100
loo [/ f
..... Y e — & AN o
! == Lan
] =R 3
a n ¥ o m T-100
' : ; ; . . . : : : : : : i | ' '
1.0 105 100 %5 350 &5 &0 75 70 5.0 50 45 40 35 30 25 20 15 1D
f1 (ppm)
-] WO E3 PP — O T
S YZEIFITED i DEfRRITFTED
< g¥ggsguax n mar thry g
: SaRRRERRA 8 22afa3s 5000
| = S A
o] o]
N
- -~
N 20000
H
15000
10000
5000
: L i JL ol b MY P ol ’ AT |
160 150 140 130 120 110 100 30 80 70 60 50 40 30 0
1 (ppm})

S20



_EEsy

T .\mm.mx
_-9uESE

9985
— L AE0Es
= — 519
. _-B289
- . o oea
: — PN
Sy 171

-~z
-y ]
GG]

_—55EER

L - T TR SREG

— _~T5HEEL
T-RRE0E

—0 18
—E BRI

—L 1 ogv)

....... ——E5PEr]

eS|

el
~lEnzsl
05951

e FAA A

—S¥IES]

- —HIRSEL

__reeerE
e
— e Ve
- S ararcs
F s
1 96RO E
R AVLIE

2000

Scan ES+
4.28e7

309

3

o MVIZ

800

736

707
671674
0

639
}540
641
603
3617 |
N T
65

547
e
et
50

482
84
apq.405 472 L 520534

arz2
Ve
anany

347
\‘?49
e

5

310

131

bl

249
214 | 207
H T

5

158179
e
TR

4

132
1

|-8599
-

L

73 83
™

100+

=

0

S21



N-Acylhydrazone (12):
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N-Acylhydrazone (14):
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N-Acylhydrazone (18):
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N-Acylhydrazone (19):
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N-Acylhydrazone (22):

=] =] =] = = = =
F  ® ® & 8 8 8 8 8 B 8 8 8 8 =
T.T. 7.7 T T.9.¢ % ¢ F . §.6 & F ¢, I
1561

ETW = e
£6ET |
758'E— —— T
PEEB

CEE'P
0EE
2EE'

BT6 9~
1753
:
POT LY
EOE
b6k
154
9E5 4
985/
500;
5604
sem s

689'8—

4.0 35 3.0 .5 2.0 1.5 1.0 0.5

4.5
1 (ppm)

8.0 75 70 65 6.0 55 5.0

85

5.0

2100
2000
1900

1800
=1700
1800
1500

1400
r1300

=1200

1100

1000

900

-E00

700
600
500
400
300
200
100

—100

FEFT—

BES'SE—

EETEZ9—

WL

LiFd Tx

656 ZT T
LG T

B LET
89 8Z1
G6T6°8ET
FAZA TAS

vhm._“_mﬁ.___
TIS'0ET

LELSRT—

P5ET9T—
869917
085 £91—

10

30

[-1) 40

160 150 140 130 120 110 100 80
1 (ppm)

170

S42



B ] s R e

|

2000

Scan ES+
6.63e7

3583

354

705

A TT4
T

i

728

727
60657 665 595| i
2l

548/555

541

414
s

1|.-380

375

729 759
1

454472 494
T

S43

1 L 1

1 Su|

1 L

H -

1 [

1 1 —

! ! e, —SLsea2 =]
o= [ R e L I— S

| | 3T 9EENE L &

| | T e e L

1 q 1

1 _...._. 1 [

i b i rg

||||||| L e I I+

1 [ 1

1 [ 1 -

1 |y 1 L

1 [ 1

1 [ 1

1 1 1

1 1 1

: ; ;

15
0

161
4
B 110147 L12 214217 29267 34333 339

83

1L

6
s

"

100+
=]
0



N-Acylhydrazone (23):
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N-Acylhydrazone (24):
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N-Acylhydrazone (25):
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N-Acylhydrazone (26):
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N-Acylhydrazone (27):
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N-Acylhydrazone (28):
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N-Acylhydrazone (29):
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N-Acylhydrazone (30):
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11. DFT- Atomic coordinates for all the optimized molecules (PBE0/6-31G*
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H 5.237425 0.600780 0.605703 C 4.604964 0.145071 1.297958
H -2.657156 -2.913195 3.405393 H 5.383240 4.163801 5.491314
H -1.888888 -1.385217 2.948592 H -3.770760 -3.802669 -1.731650
H 3.630145 -0.119%661 0.483426 H -3.521969 -5.328666 -0.885768
H 4.778591 -0.697733 1.706627 H 5.042983 4.954166 3.951915
H -0.982708 -2.587584 3.871406 H -2.557311 -4.946309 -2.321524
H 6.452365 3.903342 4.102798
TSII-III H 1.725145 -3.006509 -1.803810
¢} 0.643772 1.653454 1.893652 H 1.173672 1.844521 5.840765
N 1.654305 0.613050 -0.005010 H 2.411989 -3.255420 -0.200431
c 0.665035 0.513038 1.043817 H 1.166863 0.178227 5.256384
¢} 2.102589 2.970877 -3.933716 H 0.433126 1.450902 4.274083
c 1.226142 -0.614275 1.920385 H 1.897652 -1.631190 -0.685379
o] 0.107269 3.046478 -2.890590 H 5.532408 0.525471 0.865471
N 2.216775 -0.436426 2.788596 H -2.798533 -2.654972 3.179356
N 1.152962 1.384693 -0.945243 H -1.822164 -1.198678 2.939924
N 0.846101 -1.892002 1.882254 H 3.824729 0.162995 0.526282
c 1.248998 2.632925 -2.924671 H 4.777909 -0.899885 1.586287
c 2.578014 -1.697793 3.447555 H -1.109328 -2.625886 3.701167
c 3.325098 1.337554 -2.131731
c 1.903047 1.743810 -1.960132
H 2.370384 -1.621522 4.519864 III
c 1.696140 -2.726188 2.738113 0 0.638291 1.461510 2.254689
c 3.664272 0.026543 -2.483595 N 1.654068 1.048619 0.250795
H 3.646613 -1.887178 3.319715 C 0.651314 0.544661 1.193035
H 2.868285 -0.688958 -2.667685 o] 2.694739 0.885261 -4.237087
c -0.740239 0.240164 0.539672 c 1.251850 -0.754488 1.738520
c 5.694121 1.871947 -2.057792 0 1.204758 -0.566565 -3.400424
c -1.836234 0.770848 1.093319 N 2.365710 -0.776705 2.483128
H 6.483803 2.602065 -1.899164 N 1.526436 0.559022 -0.942781
c 4.362517 2.253190 -1.923795 N 0.866974 -1.998100 1.435710
H -0.803374 -0.386146 -0.342907 c 2.002813 0.336754 -3.205347
H -1.704756 1.412085 1.963549 c 2.882541 -2.140701 2.621079
H 4.113835 3.277514 -1.660880 C 3.387143 1.983789 -1.779854
c 6.015953 0.560631 -2.400190 C 2.317153 0.969272 -1.921347
H 2.268596 -3.422393 2.116704 H 3.112048 -2.351390 3.669180
H 7.055186 0.262063 -2.509102 c 1.743115 -2.992637 2.066836
H 1.076845 -3.311322 3.423240 C 4.650303 1.800083 -2.364899
c -3.217095 0.559876 0.648512 H 3.803844 -2.244717 2.037829
c 1.537500 3.830160 -4.907317 H 4.827812 0.917335 -2.970174
c -0.121280 -2.531581 1.041275 c -0.709203 0.405573 0.570939
H 2.324790 4.013080 -5.640483 C 4.208142 4.069667 -0.832807
c 2.972821 0.734626 3.140025 C -1.788697 1.039388 1.042998
H 1.208757 4.773564 -4.460663 H 4.023086 4.960192 -0.237472
c -3.541967 0.026247 -0.608181 c 3.188068 3.141347 -1.012356
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.029959
.478138
.986100
.003175
.962370
.446764
.000401
.159869
.597222
.322006
.765997
.352986
.384239
.456445
.428736
.477826
.077029
.399905
.022498
.364402
.318135
.033615
.818961
.543245
.520753
.638025
.361205
.437582
.164713
.844618
.898433
.943184
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.137493
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.223358
.537450
.343517
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.198742
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.293267
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.301560
.174082
.046692
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.780080
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.615505
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.317148
.253657
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.846320
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.293578
.321332
.181365
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.658622
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.601778
.305926
.018038
.297098
.960372
.844458
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.453816
.115546
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.366814
.800890
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.341668
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.352641
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.452982
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.047895
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.324036
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.469941
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.669750
.208643
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.675848
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.363028
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.068390
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.987682
.157870
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.304598
.103853
.306525
.648923
.359831
.719136
.047755
.529629
.461625
.300250
.358009
.545508
.606295
.438420
.561343
.690645
.300184
.632676
.628153
.511786
.619152
.892927
.210961
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.300012
.220559
.370156
.255669
.151651
.288268
.274114
.069473
.125785
.794005
.658293
.900212
.666858
.639664
.647202
.351403
.238139
.229392
.043125
.631868
.588490
.597577
.512613
.741832
.828236
.191177
.208085
.304893
.778735

.546815
.005070
.338689
.061219
.073850
.785244
.812966
.148595
.186284
.852440
.392771
.681321
.458980
.962099
.359005
.815171
.249961
.807220
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.827582
.532908
.821453
.714216
.733241
.403366
.141081
.941544
.721204
.806703
.591685
.625540
.422465
.655636
.421099
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.920319
.027521
.417131
.927148
.975264
.784767
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.093149
.084327
.791364
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.572658
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.242389
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.152092
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.513321
.747558
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.421338
.241881
.804209
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.636020
.613644
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.098172
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.282792
.687033
.184906
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.356317
.714966
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.660154
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.183098
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.248399
.167040
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.139690
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.141738
.063354
.718640
.402505
.893817
.815367
.948760
.186400
.378352
.294865
.796160
.093020
.241059
.811447
.829674
.390863
.205952
.404454
.207817
.070461
.663545
.518917
.834266
.667730
.221187
.722399
.829892
.070380
.011799
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.139940
.632197
.307911
.726925
.445361
.830758
.953864
.677764
.179095
.683006
.789211
.942175
.613277
.810140
.862947
.942403
.319482
.186154
.246650
.068767
.783395
.493452
.545345
.341220
.458838
.312488
.440496
.905451
.323640
.767254
.557680
.569038
.484972
.305632
.739167
.578106
.669063
.676801
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.304191
.652738
.993087
.631661
.399028
.059623
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.471780
.514827
.159010
.940241
.585717
.755228
.533235
.974527
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.204151
.289032
.507533
.580723
.051957
.921538
.958900
.983589
.848172
.102362
.035399
.398273
.758982
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.586374
.428112
.255918
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.080555
.104477
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.803246
.231683
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.941878
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.491757
.910503
.560748
.525703
.018756
.989460
.378080
.216042
.332851
.626069
.560959
.380190
.663472
.118982
.676084
.244373
.264093
.831971
.336189
.503515
.425858
.905683
.942508
.810263
.897533
.682145
.572319
.932999
.844122
.112590
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.787989
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.061338
.074318
.474135
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.148679
.706160
.781196
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.408155
.579332
.522419
.344299
.818996
.219807
.372830
.154787
.426182
.751541
.345596
.925144
.008251
.519372
.697841
.116019
.663080
.614813
.113039
.699920
.268144
.118638
.957597
.278294
.265635
.458161
.228082
.766280
.512803
.159230
.352764
.732840
.109875
.577858
.130495
.236010
.205485
.756973
.384027
.276033
.686243
.729032
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