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Introduction

Azines (N-N-linked diimines) are very important organic molecules that find application in
different fields:

N NH HO O
X, | - 2 NH
e e L »
& T e
OH
HN 0

Antibacterial Antifungal Anticancer
OH MeO OHC
© N\ OMe \©VN\N4\©\ \CVN\NAQ\
O
OH NO, CHO
OMe
Antimicrobial Nonlinear optics Materials Building blocks

Org. Biomol. Chem., 2019, 17, 8486-8521.
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Introduction

Azines should be prepared by direct condensation between a carbonyl and hydrazine

R
t o NH2 R
@° 2 P
R

Instead of easy synthesis, harsh conditions are required for azine synthesis:

lodine mediated Organometallic catalysis [P]
R, NH I, R N, LK
©/§O H2N’ 2 —_— N‘N/ N-Rlu_co Organometallics, 2020, 39, 3194.
z L
Synth. Commun. 2011, 41, 645 R )OH NH [P]
+ ~NH3 o ~N,,-No_R
, R H2N tBuOK Anh. R™ "N™ ™
Base mediated Toluene, A
R2 H Z R 10-24h
NaOH. 2 oo
X \N’N‘Ts 3 \\l /N*N/ N (or Ni-pincer complex) Catal. Commun., 2019, 124, 19
| M 100°C, 10 h R |
R, 1,4-Dioxane/CH;NO, R2 /\’R
Synth. Commun. 2007, 37, 3417 !
- Toxic byproducts -Harsh conditions - Lack of general methods
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Introduction

Each azine requires specific synthetic conditions:

RI
N /z
~
rE
R =R’ - One specific set of conditions R # R’ - Different set of conditions

Org. Biomol. Chem., 2019, 17, 8486-8521.

Would be desiderable to develop a general method
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Carbon nanomaterials Carbon nanomaterials as carbocatalysts
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313-383K,10h  0,4.15.9% conversion
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ﬂ ot ; \ o S /iﬁF

Materials Science and Engineering: R: Reports 2004, 43, 61-102

* wHigh S'uq‘\eea\ e h— o o
/( / ‘/‘«

Acc. Chem. Res. 2013, 46, 2275

BUSUING

Main catalyst: Graphene oxide

a5 xopas [oIp-
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Introduction

Carbon nanotubes as catalyst

0 =S
W, . Pron _agiiacd, ; { o
R“SR2 Y KoH o/\_,\
OH N -
MR SR
SWNT-NH,-Ru E@
CNT-1-Ir C>=o

ACS Catal. 2013, 3, 1307
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Carbon nanotubes as catalyst

CO +H,

Carbon nanotube

Rh-based catalyst

Ethanol

Catal. Sci. Technol., 2015, 5, 3859
ECSOC 26
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H M
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EIEIEIE..T_,Br HJIH“
COODEt EtOOC” “COOER

ACS Appl. Mater. Interfaces 2021, 13, 24877
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Introduction
Carbon nanotubes as carbocatalyst
D 7 [ o ove) Appl. Catal. A. 2013, 458, 155
e S ; | 1 Acetone

Acetone Gt G Acetic acd

wf i

(_) = Bleabirw myatal PA)

Molecular Catal. 2017, 443, 101 Y 4
B20H BzH ACS Appl. Mater. Interfaces

_/ 2016, 8, 30099

ECSOC 26 Chem. Eng. J. 2014, 240, 434 25t —11-2021
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Goal

Develop a nanotube-based catalyst able to carry out condensation reactions to yield azines
in @ milder and more efficient fashion.

J. Catal. 2022, 406, 174
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Results: Catalyst preparation

Oxidation reaction with concentrated HNO,

' 159994

HNO; Conc.

80 °C 60 min OH OH OH

water washing OoXMWNT*

OH 0

= < 2 - H < > <
o Hooe ?{cﬁ?{"{' COOH
HCI Conc. HNO, Cone. Hooe \_f.\ G\Q'\Q/» COOH
o e ) 000, 300¢

water washing

water washing @{Q@_@Q/C{Q/

oXMWNT ©H

As purchased MWNT

Thermal Reduction
450 °C 1h

oXMWNT-TR450
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Results: Catalyst preparation
Characterization
C .'.p2
0=16%
pristine coo €=0
0 5
€
& O0=25% |
:; (oxMWNT’é‘ = 31%%)
g oxidized _
£ :
2200 2000 1800 16800- * 1400. 1200 1000 . 800
Wavenumber (em') i . O — 8 %
reduced :
: .I"-! e & - “.F" 'II|I||I|III||||.IIIII|I ||||I;I||I|IIIIII|II
10 am e A R 'j_ 292 290 288 286 284 282 280
v/ : o binding energy (eV
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Results: Mechanistic Insights

Model reaction _ _

H " N,NHZ
o H,N- " 2 1equiv | ~
Catalysts (5 %wt.) - @—-‘ ©/\

L 4a -

UNIVERSIDAD AUTONOMA DE MADRID

Reactants Evolution (%)

1a 1,4-Dioxane, rt, time 3a
2 equivs
|
100 =& -
80 - -
60 - v -
—— Benzaldehyde (oxMWNT)
“ | —@— Hydrazone (0xMWNT)
40 4 - “— Azine (oxMWNT*) -
+— Azine (MWNT)
< Azine (no cat)
—<4— Azine (0 XMWNT)
20 -

Surface version of classic condensation

0 50 100 150
Time (min)
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Results: Mechanistic Insights

Other pathways _
H NrNHZ

_NH :
5 HN 2 1 equiv | \N'N§/©
- —>
Catalysts (5 %wt.)
3a

1a 1,4-Dioxane, rt, time L 4a -
2 equivs

| | Water role

| TEMPO

[ | 100
‘ |

/ ol | d 807
| '|, - | I.\ /| H I g
.I',w.wrull .'-u-'l I‘\w_,-‘l I'\‘__________r/’/ Il‘\-—\w ,’J I\'\\,..-./I/‘\\\-..JI I\-..,. 5 60_
5
2
o ]
Normal o
reaction

20

_.'_W-n‘_ _ﬂ'| | , l_J__J.J_ e 07

Hydrazone Dry Hydrazone H20 Aldehyde H20 Aldehyde MgS0O4
Conditions

T T T T T T T T T T T T T T T T T T
10.0 as 2.0 85 8.0 75 70 65 6.0 55 5.0 45 4.0 is 30 25 20 15
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O
R R

X H oxMWNT (5 %wt) X
| + NH,-NH, > |
= 1,4-Dioxane, rt, 3h

1 2 3

y

3a, Conv. > 99% 3b, Conv. > 99% 3¢, Conv. = 93% OMe 34 Conv. = 75%
Yield = 93% Yield = 89% Yield = 89% Yield =61%
Yield* = 85%

L -
@)
X _N
\N/N ~ @/\N, N~
0]
3e, Conv. > 99% 3f, X =F (Conv.>99%,Yield = 94%), 3i, Conv. > 99% 3j, Conv. > 99%
Yield = 92% 3g, X =CI (Conv.>99%,Yield = 95%), Yield = 92% Yield = 87%

Yield* = 84% 3h, X =Br (Conv.>99%,Yield = 91%) Yield* = 87%

ECSOC 26 25t —11-2021
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Results: Scope (symmetric azines)

R O R \O
X" H oXMWNT (5 %wt) NSNS
| + NHp-NH, - R
= 1,4-Dioxane, rt, 3h =

1 2 3

OEt

s CFs OEt
\ \/©/
N N N /N
@AN’N\ = NI NTTS
\ EtO
S F,C — 750
OFt 3m, Conv. = 75%

3k, Conv. > 99% 31, Conv. = 21% Yield = 70%
Yield = 96%
Protected Building block

O target for materials crafting

\N/NQ \N/N\ O \/©/Ph
X N

X O .

0 | /@/\

Ph

SiR
3n, R =TIP (Conv.>99%,Y=94%), 3p, Conv. >99% 3q, Conv > 99%
30, R = TBDP (Conv.>99%,Y=89%) Yield = 84% Yield = 93%
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Results: Scope (symmetric azines)

Aliphatic substrates

B S S
3h
R % Hydrazone® % Azine®
Propyl >99 <1
Butyl 98 2
Pentyl >99 <1
Tert-butyl >99 <1

Low affinity by m-interactions with the nanotube: Bulk reaction
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Results: Scope (asymmetric azines)

O
g "
@ NH,-NH, e \/@
AN H OoXMWNT (5 %wt) . X \N/NH2 R 1 \N’N N R'
| /\/ 1,4-Dioxane, rt, 20min | & 3h
R R R
1 4 5
NO, OMe Me
QA\N’NVG/ QAN’NVO \N’Nv©/
Me Me
5a, Conv. > 99% Sb, Conv. > 99% OMe 3¢, Conv. >99%
Yield = 88% Yield = 91% Yield = 90%
/@A\N/N\ /@AN/N\ \N’NV©/
MeO MeO MeO 5g, Conv. > 99%
5d, Conv. > 99% 5e, X = F (Conv. > 99%, Yield = 88%) Yield = 92%
Yield = 40% 5f, X'=Br (Conv. > 99%, Yield = 94%) Non-linear optics target molecule

ECSOC 26
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Results: Scope (asymmetric azines)

X H
O NH,-NH, | N Q
X H OXMWNT (5 %wt) | XSy N2 R" 4
| /\/ 1,4-Dioxane, rt, 20min - @/\ 3h
R R

1 4

0

O
NH>-NH,
H, H  oxMWNT /©/\
MeO 1,4-dioxane, rt, 3h MeO

Not waiting 20 min
for 2" aldehyde
addition

-
ﬁ
Nl
ﬁ

ECSOC 26 Statistic mixture
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Results: Scope (one pot synthesis

Benzyl alcohol oxidation optimization

ECSOC 2
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100

80

Conversion (%)
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c)

T
Toluene
Solvent

DMSO Water

T
DMF

Conversion

Selectivity

25 5 10
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20

Conversion (%)

Conversion (%)

100 +

80

60
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20

b)

[ ] Conversion

100 4

80
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Results: Scope (one pot synthesis)

Benzyl alcohol oxidation optimization

OH
R R
|\\ HNO; oxMWNT _ l\\ H
Z 1,4-Dioxane Z
90 °C 2h
o) 0 o)
S (o)
H H H |
/ H
MeO Br
1a, 82 % 1e, 86 % 1h, 84 % 1Kk, 77 %

Br O o
(o)
H H
d” ®
[ OMe O
1r, 79 % 1s, 62 % 19, 83 %

Reaction conditions: 0.25 mmol of alcohol, 0.5 mmol of HNO3, 0.5 M 1,4-dioxane, 5 %wt.
oxXMWNT, for 2h at 90 °C. Values stand for conversion (determined by '"H-NMR)

ECSOC 26 Chem. Sci. 2019, 10, 9438
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Results: Scope (one pot synthesis)

OH HNO; O = |
N oxXMWNT (5 %wt) | AN H NH2-NH; @/\ \\R
R|// 1,4-Dioxane, 90 °C, 2h R// rt, //
6 - 1 -

ﬁ

o™ jog o
MeO
3a, 79% 3e, 70% 3h, 72%
OMe
I
2 SORNS

X, N A X _N

o o Sah
S Br
I
3k, 66%
3r, 76% OMe
3S, 47%

ECSOC 26



» o g
UA Universidad Auténoma N | ". FACULTAD DE

de Madrid
Oxygen Nitrogen ‘ Carbon Astatine . .
15.9994 14.0067 | 12.0107 210

UNIVERSIDAD AUTONOMA DE MADRID

Results: Scope (bioactive azines)

a) Synthesis of (E)-4-([1,1'-biphenyl]-4-yl)-1,1-diamino-2,3-diazabuta-1,3-diene

— —_ (

OH O

H,N_ N ~. .N__NH
HNO 2 “NH, - g 2
3 y 7 NH, HCI NS
oxMWNT (5 %wt) NH, NH;
O 1,4-Dioxane O NaOH 1M O 5q, Conv. > 99%

90 °C, 2h B ] rt, 3h Yield = 78%
1q, Conv. = 86% \ Antibacterial Activity

\J

6q

b) Synthesis of 4,4'-((1E,1'E)-hydrazine-1,2-diylidenebis(methanylylidene))bis(naphthalen-1-ol)

HO 0O
‘ 0 Imidazole
O Y CH,Cl,
0to20°C, 16 h

NH,-NH, O
oXMWNT (5 %wt)

1,4-Dioxane, rt, 3h O

O

. 3t, Conv. > 99%
1u 1t, > 99% Yield = 91%

| NBu,F

HO THF, rt, 1.5 h
SOMNS
3u, > 99% OH

Antifungal Activity

(. J/

ECSOC 26
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Results: Catalyst Recovery

8 7 6 85
N C A

—
(o)
o

oo
o

N
80 E—
S
£
N
Q
X
]
oxMWNT
e/so(“ oxMWNT AC
//__P
2L
s
%
Oo”b &l”?/»
960 10‘50 12‘00 13‘50 15‘00 16‘50 13'00 19'50 21[00
Wavelenght (cm™)
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Conclusions

Carbocatalytic metal-free synthesis of azines using oxidized Carbon Nanotubes

O R
NH,-NH, rt, 3h, 1,4-dioxane ~. _N
R ’ - N X
R
- Reaction can be scaled up to the gram scale - Selectivity for aromatic aldehydes due to

m-interactions with the nanotube

- Surface version of classic condensation
due to solid acid caracter by oxygen chem.

- Yielding of symmetric and asymmetric azines

- One pot synthesis using alcohols

ECSOC 26
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