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%O Abstract: Two new dioxovanadium(+5) complexes, one anionic and other neutral, have been synthesised and X-ray
g'I crystallographically characterised here in this work. While doing cycloaddition reaction of CO. to epoxides taking
2 dioxovanadium(+5) complex as catalyst, a blue vanadium complex was generated in situ which is found to be the active

=23 catalyst, showing excellent catalytic activity in presence of tetrabutyl ammonium bromide as co-catalyst. The catalytic
%4 activity of the catalyst system is enhanced by moisture, on the other hand, retarded by atmospheric oxygen. The enhanced
B35 catalytic activity at moistened condition shows the applicability of the catalyst for the CO: fixation from wet flue gas.
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However, retarded catalytic activity caused by atmospheric oxygen is important from the mechanistic point of view.

1 Introduction

Chemical fixation of CO, can be considered as the most effective
greener approach, which paved a way for better employment of
carbon resources thereby fulfilling the need for sustainable
development. CO; is inexpensive, non-toxic, easy to handle and
largely available from fossil fuel combustion. Also, utilization of CO;
in producing cyclic carbonates is a highly significant one, since
chemically important cyclic carbonates can be obtained from
greenhouse gas CO, 1% Cyclic carbonates can serve as an excellent
polar aprotic solvent2® and electrolytes in lithium ion batteries.?’ 28
They are synthesizing
polyurethanes,?® polycarbonates,3® 31 polyglycerol32 and small
molecules such as dimethylcarbonate.3® Moreover, carbonate
moiety is seen in natural products.343¢ Keeping in view the
importance of the above said reaction, numerous catalyst systems
have been so far developed which aims at increasing the reaction
efficiency by minimizing the harsh reaction conditions. These
potential catalytic systems include various transition metal-based
catalysts such as metal-salen or salphen,37-4! metal-porphyrin,42-46
and metal organic frameworks (MOF)*750 and on the other hand
organocatalysts51>7 like Schiff base,* quaternary ammonium or
phosphonium salts,>> 3¢ and ionic liquids (ILs).5” As compared to
other transition metals, vanadium is not much exploited for this

also valuable raw materials for
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type of incorporation of carbon dioxide to epoxides. Although there
are many examples of oxo and dioxovanadium complexes bearing
tridentate hydrazine based ligands>®72 which are investigated for
different purpose such as, to see their antimicrobial activity,> as
catalyst in oxidation of various substrates,50 65 their use in
cycloaddition reaction of CO; to epoxides are yet to be explored in
detail. Specially, involvement of dioxovanadium(V) complex of
salicylidene hydrazide ligands are very scarcely reported. Lee and
co-workers reported that VCl3 was able to carry out the catalytic
reaction between epoxides and CO,.”? However, it required high
temperatures (90-120 °C) and pressure (15 bar). Recently, excellent
vanadium catalysts have been added to the library of catalysts for
the reaction of various epoxides and CO; by the groups of Kerton,!
Kleij'2 23 and others.*>

In this work, we have been able to synthesise two
dioxovanadium(V) complexes of salicylidene hydrazide ligand,
[NH4][VO2(Sal-ac)], 1 and its analogous complex devoid of
ammonium [VO,(HSal-ac)], 2. It has been found that both the
dioxovanadium complex 1 and 2 have efficient catalytic activity
towards cycloaddition reaction of carbon dioxide with epoxides
under mild reaction conditions. However, detailed catalytic studies
were done by taking catalyst 1, as it shows better catalytic efficacy
compared to catalyst 2.

2 Results and Discussion
2.1 Synthesis

Scheme 1 shows the synthetic route of the dioxovanadium(V)
complexes [NH4][VO,(Sal-ac)], 1 and [VO(HSal-ac)], 2. Ligand, N-(2-
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hydroxybenzylidene)acetohydrazide has been prepared by mixing
salicylaldehyde and acetohydrazide in methanol and stirring the
mixture for about half an hour till a pale yellow solid formed.>°
Yellow solid dioxovanadium(+5) complex, [NH4][VO,(Sal-ac)], 1 has
been obtained by refluxing the ligand with methanolic solution of
ammonium metavanadate for about 8-10 hours after reducing the
volume.®1 On the other hand, complex 2 was obtained by heating
the dimethylformamide solution of the ligand with ammonium
metavanadate at 80 °C for 5 hours.5?

OH Qo0
\
o NH,VO, . o\\ —
Y05 Nmy
— N\N)K MeOH, /)\CH3

CH3 Reflux, 8-10 h

=

INH,J[VO,(Sal-ac)], 1

Sh

0\0\\ /P/o
-
_=N__ CH;
N
H
VO,(HSal-ac), 2

NH, VO, J DMTF, 80 °C

Scheme 1. Synthesis of [NH4][VO2(Sal-ac)], 1 and [VO2(HSal-ac)], 2.
2.2'H NMR Spectra

IH NMR spectrum reveals the formation of complex 1 (Fig. 1). It is
note to be mentioned that resonance at 7.11 ppm is attributed to
the counter cation NH4* present in complex 1.%3 However, in the 'H
NMR spectrum of complex 2 (Fig. S1t), no such peak is appeared
implicating that there is no ammonium counter cation as indicated
by the crystal structure. The 'H NMR spectra of both the complexes
show resonances at diamagnetic region indicating the complexes to
be diamagnetic where vanadium is in +5 oxidation state.

*

*

CH,
NH, |
cH=N  PH| Ph-H
_ U |
"9 8 7 6 5 4 3 2 1 0

ppm

Fig. 1 'H NMR spectrum of [NH4][VO,(Sal-ac)], 1 in [Dg] DMSO
(Asterisks represents solvent impurities of water in [Dg] DMSO).

2.3 IR Spectra

The band due to v(C=0) in the free ligand at 1683 cm-! disappears in
the infra-red spectrum of the complex 1, suggesting enolization of
the ligand and coordination of enol form of the ligand (Fig. S21). A
new band at 1282 cm™ may be due to the enolic v(C-0).54 The
observed band at 1614 cm™ is ascribed to v(C=N) of the azomethine
group.®® Two bands observed at 893 and 942 cm are due to
symmetric v(0O=V=0) and antisymmetric v(O=V=0) stretches
respectively.®® The presence of these two intense bands confirms
the formation of dioxo complex of vanadium. Similar stretching
frequencies observed in the IR spectrum of the complex 2 confirm
its formation (Fig. S37).
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2.4 UV/Vis Spectrum

UV/Vis spectrum of complex 1 depicted in Fig. S4T are also in
accordance with the previously reported dioxovanadium
complexes.®? 6 Band at 219 nm appears due to m-rt* transition,
band at 293 nm corresponds to n—mt* transition and band at 370 nm
occurs due to LMCT between ligand and vanadium(+5) which
overlaps with the band arised due to the extended conjugation in
the ligand system.4

2.5 Crystallographic Characterization

Yellow block shaped crystals obtained by slow evaporation of
solution containing complex 1 in methanol and acetonitrile mixture
(1:3), has similar structural parameters with the previously reported
ones (Fig. 2).585 V-01 and V-02 distances are similar and are found
to be 1.9714(19) and 1.893(2) A respectively, however V-O3 and V-
04 distances are significantly shorter 1.619(2) and 1.646(2) A,
respectively implicating V=0 nature of the bond. Crystal packing
diagram, data collection parameters and the selected bond
distances and angles are shown in Fig. S5, Table S1 and Table S2,
respectively.

--.._< /;
Q" / \
C3 /

\,

,-4"\

Fig. 2 A perspective view of 1 showing 50% thermal contours for all
non-hydrogen atoms at 296(2) K. Selected bond distances (A) and
angles (°): for molecule 1, V-01, 1.9714(19); V-02, 1.893(2); V-03,
1.619(2); V-04, 1.646(2); V-N1, 2.128(2); N1-N2, 1.406(3); N2-C1,
1.296(3); N1-C3, 1.297(4); 01-C1, 1.305(3); O(3)-V-0(4), 109.54(13);
0(1)-V-0(2), 150.56(9).

Brownish needle shaped crystals obtained by slow evaporation
of solution containing complex 2 in dimethylformamide and toluene
solvent mixture, has similar structural parameters with the
previously reported ones (Fig. 3).5865

Fig. 3 A perspective view of 2 showing 50% thermal contours for all
non-hydrogen atoms at 296(2) K. Selected bond distances (A) and
angles (°): for molecule 2, V-01, 2.0181(18); V-02, 1.8742(17); V-
03, 1.6315(19); V-04, 1.601(2); V-N1, 2.1682(19); N1-N2, 1.379(3);
N2-C1, 1.312(3); N1-C3, 1.295(3); 01-C1, 1.260(3); O(3)-V(1)-O(4),
109.37(13); O(1)-V(1)-0O(2), 150.81(8).

This journal is © The Royal Society of Chemistry 20xx
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1
2 As obtained in crystal structure of the complex 1, similar bond dioxide (entry 6) was subjected to column chromatography. The
3 distances are found in the crystal structure of the complex 2. vyield of isolated styrene carbonate was found to be 86 %, while a
4 However, the V-O1 bond distance in complex 1 is shorter by 0.0467  conversion of 91 % was observed from 'H NMR spectrum of the
5 A than V-01 bond length in complex 2, as O1 makes a stronger same reaction mixture, showing not much difference between the
6 bond with vanadium because of negative charge produced in O1 yield and conversion. Thus, we can say that cyclic carbonate is the
7 after its deprotonation which is not the case with O1 in complex 2.  sole product produced from epoxide. The H NMR spectrum of the
8 Crystal packing diagram, data collection parameters and the isolated styrene carbonate is shown in Fig. S18%.
9 selected bond distances and angles are shown in Fig. S6t, Table S1 Surprisingly, catalyst has lower activity indicated by lower
10 and Table S2, respectively. conversion (60 %), when the reaction was conducted without
11 flushing the atmospheric air present in reaction vessel with CO, gas
92 2.6 Catalytic Studies (entry 12) compared to the 91 % conversion (entry 6) when the
93 reaction was done by evacuating the vessel by CO, gas, keeping

Anionic dioxovanadium(V) catalyst, 1 has shown to be efficient
catalyst for the cycloaddition reaction of CO, to epoxides resulting
in the formation of corresponding cyclic carbonates (Table 1).
Catalytic cycloaddition was performed by loading epoxide, catalyst

other reaction conditions same. It is to be mentioned that even
after the reaction was performed for 4 hours at 60 °C without
evacuating the atmospheric oxygen of reaction vessel by CO,, the
reaction mixture was only slightly blue (entry 12) which indicates

37
38 1 and co-catalyst tetrabutylammonium bromide (TBAB) in a that the oxygen present in the vessel set difficulty in the reduction
39 stainless-steel autoclave equipped with a magnetic stirring bar and  of V(+5) to V(+4). This clearly suggests that the blue vanadium
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dosing appropriate pressure of CO,. Formation of cyclic carbonate
has been confirmed by the 'H NMR (Fig. S7-5181) and 13C NMR (Fig.
S$19t) showing downfield shifting of the peaks compared to epoxide
because of addition of CO,. IR resonance at 1801 cm also confirms
the formation of cyclic carbonate (Fig. S20t).74 Percentage
conversions of epoxides to the cyclic carbonates are calculated with
the help of 'H NMR spectrum taken from the reaction mixture.
Epichlorohydrin and styrene oxide were taken as substrates for the
catalytic studies. To compare the catalytic efficiency of anionic
catalyst 1 with neutral catalyst 2, catalytic
performed separately at 60 °C for 2 hours taking styrene oxide as

reactions were

substrate and was found that catalyst 1 gave better yield than 2
(entry 1 and 2). Therefore, catalyst 1 was considered for
subsequent catalytic studies. When the catalytic reaction was
performed using catalyst 1 at 45 °C and 5 bar pressure of CO, for 14
hours, epichlorohydrin showed 99 % conversion (entry 3), while
styrene oxide resulted 83 % conversion (entry 4). Upon increasing
the reaction temperature to 60 °C, 95 % conversion was observed
at mere 4 hours (entry 5) for epichlorohydrin and 91 % for styrene
oxide (entry 6). While, TBAB alone could result 40% conversion of

complex is the more active catalyst and atmospheric oxygen retards
the catalytic activity by not allowing V(+5) to get reduced. Sluggish
catalytic activity observed in the presence of atmospheric oxygen is,
may be, due to the oxidising atmosphere created by it. Also, in the
absence of TBAB no blue species was obtained indicating that
bromide ion released from TBAB has active role in reducing the
vanadium(+5) as is the only potent reductant present in the whole
reaction mixture. Unfortunately, we have not been able to
characterise the blue species X-ray crystallographically. However,
after prolonged storage, block shaped yellow crystals were settled
at the bottom of the vile containing blue reaction mixture collected
after the catalytic reaction. This crystal was found to be the initial
yellow catalyst 1, however devoid of NH,* ion that is thought to be
eliminated during the reaction course.

Table 1. Cycloaddition of CO; to epoxide at room temperature
using catalyst NH4[VO;(Sal-ac)], 1.

o) 1 o
e 8

38 epoxide to cyclic carbonate (entry 7), catalyst alone does not have TBAB R
39 any catalytic activity (entry 8), even when the reaction was done at R -CH,CL, Ph
40 45 oC for 15 hours. To our surprise, it is found that moistened TBAB
41 alone has enhanced catalytic capability compared to unmoistened Entry | Epo- [Epoxide]: = Time Temp % Ref.
42 TBAB, which becomes evident when an increase in the conversion xide [Catalyst]: (h) (°C) Conver
43 from 24 % to 37 % (compare entry 9 and 10) was obtained for [TBAB] sion
44 styrene oxide with moistened TBAB. A lesser conversion of 75% 1 SO 100:1:2 2 60 86 Tw
45 obtained when the reaction was carried out by using unmoistened 2a 50 100:1:2 2 60 77 Tw
TBAB along with catalyst compared to 91% conversion obtained by
46 1.
. . . 3 ECH 100:1:2 14 45 99 Tw
47 using moistened TBAB further supports our observation (compare
48 entry 6 and 11). The plausible explanation for the enhanced 4 SO 100:1:2 14 45 83 Tw
49 catalytic capability of the moistened TBAB may be due to activation 5 ECH 100:1:2 4 60 95 Tw
50 of epoxide by the H* released from the carbonic acid generated 6 SO 100:1:2 4 60 91 Tw
from CO; and moisture. It was observed that the reaction mixture
51 m Y2 and moisture. T w v lon mixu 7 SO 100:02 = 15 45 0  Tw
which was initially yellow turns blue upon completion of the
52 reaction.?3 This blue reaction mixture produced after the catalytic 8 ECH 100:1:0 15 45 0 Tw
53 reaction can be attributed to the +4 oxidation state (vide infra) of 9° SO 100:0:2 4 60 24 Tw
54 vanadium generated during the reaction. To see the yield of the 10 SO 100:0:2 4 60 37 Tw
55 catalytic reaction, reaction mixture of styrene oxide and carbon
56
57
58 This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 3
59
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110 SO
12¢ SO

100:1:2 4 60 75 Tw
100:1:2 4 60 60 Tw
Reaction conditions: Unless mentioned reaction was done taking
moistened TBAB and evacuating the atmospheric air from the reaction
vessel with CO2 gas; ECH = 1 mL (12.75 mmol); SO = 0.5 mL (4.3 mmol);
pCO2 = 5 bar; 600 r.p.m. “Reaction was performed by taking catalyst 2.
bUnmoistened TBAB. ‘Reaction was done without flushing the

atmospheric air from the reaction vessel with CO..
2.7 Study of blue reaction mixture

2.7.1 EPR Study

The EPR spectral measurement of the blue reaction mixture carried
out at 298 K collected after the catalytic reaction reveals the
presence of V(+4) center (Fig. 4). Thus, EPR spectroscopy supports
the conversion of EPR silent V(+5) to EPR active V(+4) species.

2004
150
100
504
04
-504

Intensity (a. u.)

-1004
-1504

200 250 300 350 400 450 500
Field (mT)

Fig. 4 X-band EPR spectrum in dimethyl sulfoxide (at 298 K) of the
blue reaction mixture obtained after the catalytic reaction.

2.7.2 UV/Vis Spectroscopy

The UV/Vis studies were done by dissolving a portion of the blue
reaction mixture in dimethyl sulfoxide (Fig. 5).

Absorbance

300 400 500 600 700 800 900 1000
Wavelenght (nm)

Fig. 5 UV/Vis spectrum of blue reaction mixture in DMSO (black
line) and yellow solution obtained after addition of 3 drops of
agueous H,0; solution to it (red line).

Two additional bands are observed in the spectra which are
attributed to d-d transitions of V(+4). Also, the blue solution is
indicative of vanadium (+4) oxidation state. To see the effect of
oxidant, 3 drops of agueous 30% solution of H,0, was added to the
blue reaction mixture which instantly changed to yellow. UV/Vis
spectrum of this yellow solution shows the flattening of the peaks

4| J. Name., 2012, 00, 1-3
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at 572 nm and 884 nm which were observed for the blue reaction
mixture.”> These changes in the UV/Vis spectrum indicates
reoxidation to V(+5).

2.7.3 Crystallographic Characterization

Block shaped yellow crystals, settled at the bottom of the vile
containing blue catalytic reaction mixture after its prolonged
storage, was analysed by single crystal X-ray crystallography. These
crystals assigned as complex 3, although structurally identical with
complex 2, were actually generated from complex 1 upon
elimination of NH3 molecule from NH4* ion which served as counter
cation in complex 1. A perspective view of complex 3 is illustrated in
Fig. 6. Fig. S21t1 and Table S1 shows the crystal packing and data
collection parameters, while selected bond distances and angles are
tabulated in Table S2. The bond distances and angles of the crystal
are very much similar with those of dioxo vanadium complexes.

03@\/\?) o ’,
o1 / \\//"\‘ "

N1

Fig. 6 A perspective view of 3 showing 50% thermal contours for all
non-hydrogen atoms at 273(2) K obtained after the prolonged
storage of the blue reaction mixture at open air. Selected bond
distances (A) and angles (°): for molecule 3, V1-01, 2.019(2); V1-02,
1.879(2); V1-03, 1.639(2); V1-04, 1.614(2); V1-N1, 2.169(3); N1-N2,
1.386(3); N2-C1, 1.322(4); N1-C3, 1.300(4); 01-C1, 1.258(4); O(3)-
V(1)-0O(4), 109.23(13); O(1)-V(1)-0(2), 151.05(9).

2.7.4 ESI-mass Spectroscopy

The yellow product which is obtained from the blue catalytic
reaction mixture after exposure to atmospheric air for long time is
subjected to mass spectrometer and mass spectra (Fig. 7) reveals
peaks at m/z, 261.0097 and m/z, 242.2854 which correspond to
neutral dioxo vanadium catalyst and the TBAB cation, respectively.
ESI-mass spectrum further reveals the elimination of NH4* ion from
the catalyst 1 during the reaction course.

242.2854

50

% abudance

322.0204

261.0097

4 179.0836

265.6863

149.9991
180.807
204.7067

229.0746 _
2463165
287.7664
315.2386
336.3638
367.1426 ;
397.8082
132.0086 ]
468.8689
s11.2885 ]
559.862
610.0072
674.348
767.2395
8819642 ]
1024.8567

3
~

Fig. 7 ESI-mass spectrum of yellow product obtained from the blue
catalytic reaction mixture.

This journal is © The Royal Society of Chemistry 20xx
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1

2 From the ESI MS and crystallographic evidence, it may be which are evidenced by EPR and UV/Vis spectroscopy. This blue
3 assumed that ligand coordination environment of the catalyst 1 is V(+4) complex is thought to be the more active in situ formed
4 not completely destroyed during the catalytic reaction thereby catalyst. The crystal structure of complex 3 obtained from the blue
5 helping in reformation of the dioxovanadium complex. reaction mixture after prolonged storage might be greatly helpful in
6 getting an insight into the mechanism of the catalytic reaction.

7 2.8 Catalytic Cycle

8 4 EXPERIMENTAL SECTION

9 A plausible catalytic cycle is proposed in Scheme 2.

10 4.1 Materials

11 Y Y. e s All chemicals used in this work were purchased from Sigma Aldrich,
92 N,VS"C\’ \}’5’ Anionic acetamide moeity Spectrochem and Alfa Aesar and were used without further
93 & \H)\ AN purification.

Complex 3
X-ray structure determined

N CHy
Yellow
/ BuyNBr, CO,, H,0
Br, + BuyN' + HCOy"
NH;

Neutral acetamide moeity

4.2 Instrumentation

Ei 7 Bu,NBr \\Va, @ IR spectra were recorded on BRUKER infrared spectrometer (model
38 @1/ )\ \W no ALPHA 1) using KBr. UV/Vis spectrum was taken on SHIMADZU
s} Blue fC';' spectrometer (model no UV-1800). 'H NMR and 13C NMR spectra
-21‘9 o Active Catalyst " were recorded on a Bruker 300 MHz spectrometer at 300 and 75
go O OH 0, j # BuyNBr . . - )

oV~ kn R MHz, respectively with tetramethyl silane (TMS) as the internal
1 @1/"‘\ i s on . standard. Solvents used were [Dg] DMSO, CDCls, and [D4] methanol.

T 0. ~ Br
2 N Sen, 0\\\\[/3 o Chemical shifts are reported in parts per million (0), coupling
3 R /r‘«\ )1\CH constants (J values) are reported in Hertz (Hz) and spin multiplicities

N 3
4 )\ on &Br ° H are indicated by the following symbols: s (singlet), d (doublet), t
5 ci\// o ___{ (triplet), m (multiplet), bs (broad singlet). The obtained data were
6 /r‘.\ )K . expressed in delta (8) parts per million. For taking mass

CH3
R: -CH,CI, -Ph

N

A WN =0V

|@%°MWWQZD-£W'Q@@ by, Trkane Uaiv

[9,]
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Scheme 2. Plausible catalytic cycle.

As mentioned earlier, bromide from TBAB acts as the reductant of
V(+5) as it is the only reductant present in the reaction mixture. As
per the crystal structure of the complex 3, that crystallised out of
the blue catalytic reaction mixture after its prolonged storage, the
anionic acetamide moiety of the ligand is converted to the neutral
acetamide moiety making the V-O bond weaker. Furthermore,
reduction of V(+5) by bromide to V(+4) leads to less attraction of
V(+4) center towards the O donor site of neutral acetamide moiety

spectroscopy WATERS-Q-Tof Premier-HAB213 was used. The thin
layer chromatography (TLC) was performed with Merck pre-coated
TLC plates. The column chromatography was performed using
Merck silica gel (60-120 mesh).

Crystals of complex 1 and 2 were coated with light hydrocarbon
oil and mounted at 296 K on the Bruker SMART APEX CCD
diffractometer and intensity data were collected using graphite-
monochromated Mo Ko radiation (A= 0.71073 A), whereas intensity
data of complex 3 was collected at 273 K. The data integration and
reduction were processed with SAINT software.’® An absorption
correction was applied.”7 Structures were solved by the direct
method using SHELXS-2014/7 for complex 1 and 2 and SHELXT

38 which will further weaken the V-O bond. As a result, neutral 2014/5 was used for complex 3. Structure were refined on F2 by

39 acetamide moiety will easily be detached from the metal center  fy||-matrix least-squares technique using the SHELXL-2014/7

40 making available coordination site for the incoming epoxide program package’® for complex 1 and 2 and SHELXL-2018/3

41 substrate.!! Moreover, the H*, itself can act as activator of the program package” was used for complex 3. Non-hydrogen atoms

42 epoxide. were refined anisotropically. In the refinement, hydrogens were

43 . treated as riding atoms using SHELXL default parameters.

44 3 Conclusion The X-band electron paramagnetic resonance (EPR) spectra

45 were recorded on a JESFA200 ESR spectrometer, at room

46 In summary, FWO new dioxovanadium(+5) Cf)mple).(es 1and 2 have  temperature with the experimental conditions [frequency, 9.449

47 been synthesised successfully and characterlse(.i with the help of X-  GHz; power, 0.995 mW; field center, 490.00 mT, width, + 500.00

48 ray crystaII.ography, . 'H NMR, IR a.nd UV/Vis spectroscopy. As  mT; sweep time, 30.0 s; modulation frequency, 100.00 kHz, width,
complex 3 is unambiguously determined by X-ray crystallography, .1000 mT; amplitude, 100, and time constant, 0.03 s].

49 its further characterisation is not reported here as it is the same

50 complex as 2. Both complexes 1 and 2 exhibited efficient catalytic 4,3 Syntheses of complexes

51 activity for the CO; addition to the epoxides, however complex 1 is

52 more efficient than 2. Catalytic reaction is enhanced in the presence  4.3.1 Synthesis of catalyst [NH4][VOa(Sal-ac)], 1. Ligand

53 of moisture. Interestingly, presence of atmospheric oxygen retards acetohydrazide was prepared by taking hydrazine hydrate (50

54 the catalytic capability of the complexes. During the catalytic mmol) and ethyl acetate (50 mmol) in a 100 mL round bottom flask

55 process, vanadium (+5) complexes get reduced to +4 oxidation state  gissolved in a minimum volume of methanol. The reaction mixture

56

57

58 This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 5
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was then refluxed for 5-6 hours with constant stirring. To this
solution was added salicylaldehyde (50 mmol) slowly. Product
immediately gets precipitated as light yellow solid which was
filtered and then dried. The prepared N-salicylidenehydrazide ligand
(300 mg, 1.68 mmol) and ammonium metavanadate (196.53 mg,
1.68 mmol) were taken in a round bottom flask and a minimum
amount of methanol was added to get a clear solution. The
contents were refluxed for 8-10 hours with constant stirring. The
progress of the reaction was monitored in thin layer
chromatography plate from time to time. After completion of the
reaction, the methanol was distilled off under reduced pressure and
the required product was obtained as yellow solid. This yielded 1
(350 mg, 75.2 %). UV/Vis Amax (Methanol)/nm 219, 293 and 370. IR
(KBr) vmax/cm 1614 (vs), 942 (vs) and 893 (vs). 'H NMR &y (300
MHz, [Ds] DMSO) 8.71 (1H, s, HC=N), 7.47 (1H, m, Ar-H), 7.29 (1H,
m, Ar-H), 7.11 (4H, s, NH4*), 6.73 (2H, m, Ar-H), 1.92 (3H, s, CH3).

4.3.2 Synthesis of complex [VO>(HSal-ac)], 2. The prepared N-
salicylidenehydrazide (300 mg, 1.68 mmol) and ammonium
metavanadate (196.53 mg, 1.68 mmol) were taken in a round
bottom flasks and 5 mL of dimethyl formamide was added. The
contents were heated at 80 °C for 5 hours. After completion of the
reaction, the reaction mixture was kept overnight to obtain the
product. Next batch of product was again collected by adding
around 10 mL of toluene to the decanted solution of
dimethylformamide. This yielded 2 (174.8 mg, 40 %). IR (KBr)
Vmax/cm 1601 (vs), 950 (vs), 893 (vs). IH NMR &4 (300 MHz, [Dg]
DMSO + 2 drops [D4] methanol) 8.68 (1H,s,HC=N), 7.62 (1H, m, Ar-
H), 7.45 (1H, m, Ar-H), 6.92 (1H, m, Ar-H), 6.82 (1H, m, Ar-H), 1.94
(3H, S, CH3).
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Crystal data for 1: size 0.21 x 0.18 x 0.16 mm3, orthorhombic, space
group P21212;, Z = 4, a = 6.4268(4) A, b = 13.3674(10) A, ¢ =
13.5577(10) A, V = 1164.74(14) A3, O nax = 26°. R1 = 0.0241, wR2 (all
data) = 0.0693. Goodness of fit on F2 = 1.059. CCDC 1876310
contains the supplementary crystallographic data of 1.

Crystal data for 2: size 0.35 x 0.22 x 0.19 mm3, monoclinic, space
group P21/n, Z = 4, a = 7.4612(9) A, b = 11.9060(14) A, ¢ =
11.1849(13) A, B = 99.077(7) °, V = 981.1(2) A3, Oma= 26°. R1 =
0.0364, wR2 (all data) = 0.1088. Goodness of fit on F2 = 1.086.
CCDC 1876310 contains the supplementary crystallographic data of
2.

Crystal data for 3: size 0.26 x 0.22 x 0.20 mm3, monoclinic, space

group P21/n,Z=4,a=7.3510(4) A, b = 11.8967(7) A, c = 11.1856(6)
A, B=99.047(2) °, V = 966.04(9) A3, Omax= 26°. R1 = 0.0449, wR2 (all
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data) = 0.1039. Goodness of fit on F2 = 1.116. CCDC 1938067
contains the supplementary crystallographic data of 3.
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@ In situ formed vanadium(+4) species catalyzed carbon dioxide fixation reaction leading upto 99
@ % conversion of epoxides to cyclic carbonates under mild condition is reported here along with
o @ study on the in situ formed catalyst to some extent.

vanadium(V) precatalyst
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