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Abstract: MoCls reacts with imidazole, pyrazole, pot. phthalimide and 3-methylpyridine (1:1 molar ratio) in
THF medium to vyield: Mo04OsClig(C3HaN2)a(CaHgO)2  [2], Mo04O0sClg(C3HaN2)4(CaHgO)s  [3],
[MoOCI3(CgH402N)(CsHgO)]4 [4] & [MoO,Cly(CsH:N)(C,HsO)Clo14 [5], respectively.

MoO.Cl, reacts with acetamide (1:1 molar ratio) in THF medium to yield:
[M020,Cl3(CH3CONH,)2(C4Hs0)] [1].

Complexes have been characterized by elemental analysis, *H NMR, FTIR, Mass (LC-MS).

Keywords: MoO-Cl,; MoCls; acetamide; pyrazole; imidazole; pot. phthalimide; 3-methylpyridine

I. Introduction
Reactions of M0oO,Cl, & MoCls with ligands in both polar and non-polar solvents have been reported. One of
the difficulties in carrying out reactions in non-polar solvents is that the reactants are feebly soluble in these
solvents, so there is possibility of inhomogeneity of the reaction mixture/products. On the other hand, due to
better solubility of reactants in polar solvents, the possibility of polymerization and formation of multinuclear
complexes increases. Molybdenum multinuclear complexes.® 2 *4 5 6 have been reported.
Reactions of MoOCls, MoO,Cl; & MoCls in CH,Cl, medium?8 21011 have been reported by the author. Owing to
feeble solubility of MoO,Cl,, MoCls and ligands in CH,Cl, medium, reactions of MoOCls & MoO:Cl; & MoCls
were carried out and reported by the author in CH3CN medium* %12 1314 1n some reactions reported in this paper,
enhanced polarity of THF medium leads to extensive polymerization of the products giving rise to sticky
materials, which were treated with appropriate solvents to achieve powdered products. Higher solubility of
MoO,Cl,, MoCls in THF medium is owing to formation of solvent stabilized®® precursors, like MoO2Clx(THF),.
Mass (LC-MS) spectra show that there is some similarity in the fragments formed from the complexes [1] to [5]
prepared from MoOCl; & MoCls.
Phthalimide?® 17 derivatives have been reported with biological activities like inhibition of tumor necrosis factor-
Q.
Pyrazoles and their derivatives exhibit various biological activities including antimicrobial®® anti-
cyclooxygenase!®, anticonvulsant®, antitubercular??, antitumor??, antiinflammatory?3, analgesic?, antidiabetic?,
antipshycotic?® 2”28, Many drugs, such as, antifungal drugs and nitroimidazole contain an imidazole? % ring.
Imidazole®! containing drugs have a broad scope in remedying various dispositions in clinical medicine.
3-Methylpyridine® is a useful precursor to agrochemicals, such as, chlorpyrifos®. 3-methylpyridine is
biodegradable, although it degrades more slowly and volatilize more readily from water samples than either 2-
methylpyridine or 4-methylpyridine3435.
Acetamide derivatives have been reported to have in vitro antinflammatory®® and antioxidant® activities.

I1. Experimental
Materials:
MoO,Cl; (Sigma-Aldrich, USA) is a light yellow hygroscopic solid. It was purchased and used as such. MoCls
(Sigma-Aldrich, USA) is a blackish brown hygroscopic solid. It was purchased and used as such. Potassium
phthalimide (Sigma-Aldrich, USA) is a pale yellow solid, having m.p. greater than 300° C. Imidazole is a
colourless solid (SD Fine, LR Grade, m.p. 88°-91° C). It is soluble in water and many polar organic solvents
including CHsCN. Pyrazole is a colourless solid (SD Fine, LR Grade, m.p. 66°-70° C). 3-Methylpyridine also
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called B-picoline (Sigma-Aldrich, USA, m.p. -18° C, b.p. 141° C) is a colourless liquid. Acetamide (NICE, LR
grade, m.p. 79°-81° C) is a colourless solid and was procured from market. All ligands were dried under vacuum.
SOCI; (CDH, LR grade, b.p. 76°-78° C) was kept over quinoline for 48 h (50 g SOCI; to 10 g quinoline) to
remove acid impurities and then fractionally distilled to get colourless liquid. THF was dried by standard
methods.
Physical Measurements:
Molybdenum and chlorine were estimated by standard methods®”. The elemental analyses (C, H, N) were carried
out using Thermo Finnigan Elemental Analyzer, FTIR spectra were recorded in the range 4000 — 400 cm™ using
Perkin-Elmer 400 FTIR Spectrometer (Germany), in KBr disks, *H-NMR spectra were recorded using Brucker
Avance-Il 400 (Fallanden) NMR, at SAIF/CIL Panjab University, Chandigarh (India), in DMSO-ds. LC-MS
spectra were recorded in the range 0 — 1100 m/z using WATERS, Q-TOF Micromass LC-MS (UK), at SAIF/CIL
Panjab University, Chandigarh (India).
Synthesis of Complexes [1] to [5]:
A 100 ml round bottomed flask containing a magnetic bead was attached to a pressure stabilized dropping
funnel fitted with a teflon rotaflow stop-cock. Assembly was connected to vacuum line and flame dried under
vacuum (107 torr). Dry N, gas purged with O, was allowed into assembly at room temperature, through traps
cooled with liquid nitrogen. A known weight of MoO,Cl, or MoCls dissolved in dry THF was taken in round
bottomed flask and 1:1 molar amount of CgH4O,N"K* (potassium phthalimide), CsH4N, (imidazole or pyrazole),
acetamide (CH3CONHy>) or 3-methylpyridine (CsH4sNCHs;) were dissolved in THF medium in dropping funnel.
The latter was added drop wise to round bottom flask with constant stirring, at room temperature. Products were
recovered from filtrate by filtration through G-4 bed of a filtration unit, at reduced pressure and under inert
atmosphere. All complexes synthesized are very much air and moisture sensitive. They have tendency to turn
blue in colour, so all reactions and work ups were handled under dry N2 gas purged with O using vacuum line
and traps cooled with liquid Na.

THF

MoO,,Cl,, + CHaCONH, T>[|\/|0202c:|3 (CHZCONH, ), (c4H80)] [1]

Acetamide Filtrate
MoClg + CgH 4N, —THF—| M0,0Cly ¢ (CaH 4N, ), (C4Hg0),, [.[2]
53472 11 4-5716\73 4 72)4\74 87 )2 |’

Imidazole Filtrate

THF
MoClg +C3H N, T{M%OSCIS (C3HaNy ), (C4H80)4] [¢]

Pyrazole Filtrate

-+ THF
MoCl + CgH,0,N K T)[MOOCIZ(C8H402N)(C4H80)L,[4]

Pot. phthalimide Filtrate
THF

MoClg + C5H4NCH3T>[M0020|2 (C6H7N)(C4H80)CI2L [5]

3-Methylpyridine Residue

I11. Results & Discussions
Analytical Measurements:
All complexes are very much moisture and air sensitive. They are insoluble in common organic solvents like
CH,Cl,, CHCIs, n-hexane, but soluble in polar solvents like CH3;CN, DMSO and DMF. Formulations of these
complexes have been done on the basis of their elemental analytical data and mass (LC-MS) measurements
(Table-1). Mass (LC-MS) spectra reveal that these complexes have some common fragments.

Table-1 (Analytical Data)
Complexes % Composition Observed (Calculated)

(Colour/F.W.) Mo Cl C H N
[M0,0,Cls(CH;CONH,),(C4HgO)], [1] 37.62 20.78 17.76 03.23 06.25
(Black/520.50) (37.02) (20.54) (18.51) (03.08) (05.40)
[M040sClis(CaHaN2)4(C4H30):], [2] 25.97 40.10 16.91 02.61 07.77
(Light green/1448.00) (26.51) (39.22) (16.57) (02.20) (07.69)
[Mo4OsClg(C3HaN;)a(C4HgO)4], [3] 28.45 20.84 24.97 03.63 07.73
(Light Brown/1308.00) (29.35) (20.71) (25.68) (03.66) (08.56)
[MoOCI,(CsH40,N)(CaHgO)]4, [4] 23.10 16.80 35.13 02.16 02.72
(Navy Blue/1604.00) (23.94) (17.70) (35.91) (02.99) (03.35)
[M0O,Cl5(CeH7N)(C4HsO)Clols, [5] 21.13 31.83 36.73 02.82 03.66
(Green/870.00) (22.06) (32.64) (25.58) (03.44) (03.21)
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FTIR Spectra:

Acetamide®® 3 shows N-H stretchings at 3374 cm™ & 3302 cm™. Band at 3294.0 cm* shows that N-H group is
present in compound [1] (Table-2). Strong bands at 940.2 cm™ & 913.1 cm™ show the presence of cis-MoO,%*
core®. Shift in C=0 stretching frequency from 1672 cm™ to 1646.0 cm™ of acetamide indicates a Mo-O
coordination bond.

Imidazole*- 42 shows N-H stretchings at 3724-3237 cm™. Broad band at 3287 cm™*— 3000 cm* shows that N-H
group is present in complex [2]. This peak is broad in the solid state (KBr disk) due to hydrogen bonding. One
band at 984.2 cm is attributable to the presence of terminal Mo=0% 44 str. in complex [2] (Table-3).

Pyrazole*® 46 shows N-H stretching at 3450 cm™. Band at 3200 - 3400 cm* shows that N-H group is present in
complex [3]. Mo-N coordination bond lowers frequency of N-H stretching. Strong band at 981.3 cm™ shows the
presence of terminal Mo=0%4 str. in complex [3] (Table-4).

Potassium phthalimide*” shows N-H stretchings at 3269 cm™ and 3154 cm™. Band at 3200.0 cm™ shows that N-
H group is present in complex [4]. Strong band at 975.0 cm™* shows the presence of terminal Mo=0 group** *® in
the complex [4] (Table-5).

3-Methylpyridiness*® shows C-H ring stretching at 3060 cm™ & 3032 cm™. Bands at 3168.16 cm™, 3121.16 cm?,
3053.15 cm show that 3-methylpyridine is present in compound [5]. Strong band at 990.16 cm™ shows the

presence of terminal Mo=0%4 str. in compound [5] (Table-6).

Table 2 (FTIR absorptions in cm™)

Absorptions CH3CONH, [1]
(Acetamide) 3 %
N-H Stretching 3374, 3302 3294.0 sb
CH, Stretching 2820
C=0 Stretching, 1672 1646.0 s
NH, Deformation
NH, Deformation 1631
NH, Deformation 1606 1570 s
CHj; Deformation 1450 1405.1s
C-N asym stretching 1396 1358.2 sh
NH, Deformation 1150 1184.6 w, 1129.8 w
C-N sym stretching 1048 1024.5 m
NH; rocking, twisting and wagging 900 747.1m
N=C=0 bending 600 559.2m
Mo-N (Strong) o 5154 w
Mo-ClI Str.
Mo=0 str. of cis-MoO,*" core* - 940.2s,913.1s

Table 3 (FTIR absorptions in cm™)
Assignments C3H4N; [2]
(Imidazole)** 42
N-H str. 3724 vb, 3656 vb, 3270, 3241, 3237 3287 vs, 3000 s, vwb
C-H str. 3196, 3165 3146.35,29915s
C=C ring str. 1558, 1500 1601.3s,1578.3s
N-C ring str. 1434 1421.8's,1307.1w, 1246.1 w
C-H in plane bending 1092, 1074 1191.5 m, 1046.5 m, 1050.1 s
C-H out of plane bending (wagging), Ring 816, 730 877.1w,7925m, 767.2m
twisting
Ring twisting 646 622.4 s
Ring twisting, N-H wagging 528 495.1m
Terminal Mo=0" “ str. 984.2's
Table-4 (FTIR absorptions in cm™)
Assignments C3H:N, [3]
(Pyrazole)*> 6
N-H, str. 3450 3200-3400 s, vb
C-H str. 3155, 3144 3138.1s
C=C ring str. 1558 1621.4 m
N-C ring str. 1468, 1138 1455.6 m, 1408.6 m, 1261.7 m
C-H in plane bending 1046, 1035 1167.9 sh, 1112.3 5, 1050.3 s
C-H out of plane bending (wagging), Ring 893, 840, 760 899.25,781.25,740.2 s
twisting
Ring twisting 656, 619 610.5 m
Ring twisting, N-H wagging 498 518.7 w
Terminal Mo=0" * str. 981.3s
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Table-5 (FTIR absorptions in cm™)

Assignments

C:gH;;()zN_K+
(Pot. Phthalimide)*’

(4]

1398 w, 137255, 1356 m

N-H str 3269 w, 3154 w 3200.05s, b
In phase C=0 str 1704 m, 1687 w, 1839.19 vw, 1773.2 sh, 1727.0 s
1665 vww
C-C Benzene ring str 1608 s 1604.2 sh
Out of phase C=0 str 1593 s, 1588 s, 1552 vw, 1507 vw 1542.2m
C-C Benzene ring str 1465 vvw, 1449 vvw, 1403.0s

Five membered ring
C-C str

1297 s, 1231 w,
1209 vw, 1184 s, 1128 s

1307.1 m, 1259.9 w, 1185.11 sh, 1140.9 w

C-H in plane bending 1091 vww 1070.7 sh, 1052.3 m

C-C Benzene ring str 769 vw, 756 vw, 743 vw 745.2 sh
C-H out of plane bending 717s 714.0's,647.4 m, 548.1 sh, 534.9 w
Terminal Mo=0% * str. - 975.0' s

Table-6 (FTIR absorptions in cm™)

Assignments

CsH;NCH; IN CDCls
(3-Methylpyridine)*

[5]

v C-H Ring 3060, 3032, 3168.16 m, 3121.16 m, 3053.15 m
v C-H Methyl 3001, 2957, 2924 2936.20 sh
v Ring 1598, 1579 1604.25 m, 1542.17 s
0 Ring C-H 1480
0as C-H Methyl 1457, 1450 1467.20 s
0 Ring C-H 1416
0s C-H Methyl 1386 1387.29 m
0 Ring C-H 1363 1304.38 sh
v Ring 1249 1251.34 w
v C-C bond between ring and Methyl 1229
0 Ring C-H 1192 1180.38 w
v Ring 1126, 1045 1116.25m
v Ring 1031 1044.32 w, 1027.32 w
v Ring 791 883.2 vs, 786.12 5, 739.19 5
T Ring 712 722.10s
0 Ring 636, 538 676.10s,512.24
0 C-C bond between ring and Methyl 456 468.38 m
Terminal Mo=0* * str. - 990.16 s

'H NMR Spectra:

Spectrum of THF*® in CDCl; shows multiplets at 3.76 ppm and 1.85 ppm due C-2, 5 protons and C-3, 4 protons,

respectively.

Spectrum of DMSO-dg*® shows absorption at 2.50 ppm.

Spectrum of acetamide® in CDCl; shows singlet due to CH3 protons at 2.00 ppm and broad absorptions due to
N-H protons at 7.04 ppm. Spectrum of complex [1] in DMSO-ds shows singlet at 1.84 ppm due to CHs protons
and at broad absorption at 7.23-7.49 ppm due to N-H protons (Table-7).

Spectrum of imidazole® 52in CDCl3 shows absorptions due to C-H proton (between two nitrogen atoms) at 7.73
ppm, C-H protons on other two carbons at 7.15 ppm and due to N-H proton at 11.62 ppm. Spectrum of complex
[2] in DMSO-ds shows relatively up field absorptions for C-H proton (between two nitrogen atoms) and C-H
protons on other two carbon atoms (Table-8). Two equivalent C—H protons of imidazole appear as singlets,
because of the tautomerization equilibrium.

Spectrum of pyrazole® in CCl4 shows absorptions due to middle C-H proton at 6.31 ppm, C-H protons on side
two carbons at 7.61 ppm and due to N-H proton at 12.64 ppm. Spectrum of complex [3] in DMSO-dgs shows
peak that peak due to middle CH proton and on side two carbons have moved downfield (Table-9). Peaks of C—
H protons of pyrazole appear as singlets, because of the tautomerization equilibrium.

Spectrum of pot. phthalimide®* %° shows peaks in the range 7.3 ppm-7.8 ppm due to ring protons. Spectrum of
complex [4] in DMSO-ds shows peaks due to ring protons in the range 7.17 ppm-8.80 ppm, N-H peak at 11.24
ppm (Table-10).

Spectrum of 3-methylpyridine® 57 in CDCls shows absorptions due to H (CHs), H-C1, H-Cs, H-Caand H-Cs due
at 2.32, 8.44, 7.45 & 7.16 ppm, respectively. Spectrum of compound [5] in DMSO-ds show that these
absorptions have moved downfield.
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Table-7 (*H NMR absorptions in ppm)
Absorptions CH3;CONHy; in CDCls [1]
(Acetamide)®
NH, 7.04 broad 2H 7.23-7.49 (t) 2H
CHs 2.003H 1.86 (s) 3H
Residual DMSO-ds 2.56 (s)
THF C-2,5 3.65-3.71 (m)
THF C-3,4 1.71-1.77 (m)
Table-8 (*H NMR absorptions in ppm)
Assignments CsHsN; in CDCly [2]
(Imidazole)®* %
N-H 124 1H 14.54 (b) 2H
C-H (between two nitrogen atoms) 9.371H 9.07 (s) 1H
C-H (other carbon atoms) 7.80 2H 7.58 (s) 2H
Residual DMSO-ds 2.50 (s)
THF C-2,5 3.59 (s) 4H
THF C-3,4 1.75 (s) 4H
Table-9 (*H NMR absorptions in ppm)
Assignments C;3H4Nz in CCly [3]
(Pyrazole)*®
N-H 12.64 1H 14.54 3H
Middle CH, 6.31(s) 1H 6.61 (s) 1H
Side CH, 7.61(s) 2H 8.14 (s) 2H
Residual DMSO-ds - 2.55(s)
THF C-2,5 3.35 (s) 4H
THF C-3,4 1.53 (s)4H
Table-10 (*H NMR absorptions in ppm)
Assignments CgH,O,N'K* [4]
(Pot. phthalimide)® %
N-H e 11.24 1H
Ring C-H 7.58 -7.87 7.17-7.80
Residual DMSO-ds 2.55 (s)
THFC-2,5 3.37-3.66 4H (m
THFC-3,4 ———- 1.78-1.814H m
Table-11 (*H NMR absorptions in ppm)
Absorptions CsH4sNCH;3 IN CDClg [5]
(3-Methylpyridine)®-7
H (CHs) 2.32 3H Singlet 2.49 (s)
HC, 8.44 1H Singlet 8.39 1H (s)
HC; 7.45 1H Doublet 8.33
HC, 7.16 1H Triplet 7.99
HCs 8.42 1H Doublet 8.72-8.77 (d)
Residual DMSO-ds 2.49 (s)
THF C-2,5 3.58 (m) 4H
THF C-3, 4 1.73 (m) 4H

Mass Spectra (LC-MS)%:

Complex [1] has been prepared from MoO,Cl; as the precursor. Complexes [2], [3], [4] & [5] have been

prepared from MoCls as the precursor. Mass spectra (LC-MS) of these complexes have some correlations and
common fragments (Table-13). Based on the fragments formed, formulae of the complexes have been derived.
Fragmentation behaviour of these complexes are as under.

Co

Table-12 (Fragmentation)

mp.
[

[1] (F.W. = 520.50)

m/ z=323.18
1
+
2[Mo]

m / z=98.00

m/z=71.05

+ + +
[Mo,0,Cl3 (CH3CONH )5 (C,HgO)] — [M0,0,CI(CHZCONH)]" + [C4HgO]™ + [CH3CONH,]

m / z=60.04
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2 2+
[ ] [Mo405CI16(C3H4N2)4(C4H80)2] - [M0405CI16(C3H4N2)4(C4H80)2]
[2] (F.W. = 1448.0) m/z=725.57
N2
2+ +
[Mo4OSCI16(03H4N2)4] + [C4H80]
m/ z =653.49 m/z=75.00
N

2+ 2+ +
[MOOCI2] + [MOOCI4(C3H4N2)] +[CSH4N2]

m/z=91.03 m/z=163.10 m/z=69.03
[3] [Mo,0O.Cl,(C,H,N,), (C,H,0),] —>[Mo,0.Cl,(C,H,N.), (C,H,O) ]2+
4¥5-'8'V37747727482477874 455783371477 2/41247 784
[3](F.W. =1308.00) m/ z=653.49
N

2+ 2+ + +
[MOOCIZ(C3H4N2)(C4H80)] — [MOOCIZ] + [C3H4N2] +[C4HSO]

m/z=163.09 m/z=91.03 m/z=69.03 m/z=73.07

[4] | IMoOCI,(CgHO,N)(C HgO)], — [MoOCI2(C8H402N)(C4H80)]42+

[4] (F.W. = 1604.0) m/z=201.10
1
[C,HgOl" +[MoOCI,(CgH ,0,N\)],%*
m/z=73.03 m/z =659.33
NS
[CgH4O,NT" + [MoOCI,1?" < [MoOCI, (CgH ,0,N)12*
m/z=149.03 m/z=93.03 m/z=163.10
5 2+
[5] [ Moo,ci, (cgH7N) (caHgo)Cly |, — [ Moo,cr, (ceHoN) (CaHgo)cr, |,
(5) (F.W.= 870.0) m/z=869.72
N
2+
[ Moo,ct, (cgH7N) (caHgo)Cly |,
m / z=437.26
4
2+ +
[MoOC|2(04H80)C|2:| + [cgHoN]
m / z=163.10 m / z=94.07
N
2+ +
I:MOOCI2:| +[cango]
m / z=91.03 m /z=74.93
Table-13 (m/z values of some fragments)
Comp. Fragment Calculated* Observed Relative abundance
] [M0,0,Cl3(CH;CONH,)2(CsHsO)]* 321.80 323.18 100%
[CH;CONH,]* 59.03 60.04 20%
[C4HsO1* 72.05 71.05 100%
[Mo]* 68.03 98.00 10%
2] [M0405Cl16(CsHaN2)4(CsHs0)21% 723.68 72557 1%
[M0405sCl16(CsHaN2)4]?* 651.62 653.49
[M0404Cl16(C3H3N2)4]* 1283.22 1276.08 1%
[MoOCI,(CsHN,)Z 160.90 163.10 100%
[MoOCI,]* 91.91 91.03 89%
[CsH4N,]* 68.03 69.03 100%
[C4HBOT" 72.05 75.00 26%
3] [MoOCL]# 91.91 91.03 100%
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[28]
[29]
[30]
[31]

[32]
[33]

[34]
[35]
[36]
[37]

[38]
[39]

[M0405Clg(C3HaN2)a(CaHs0)a1% 655.86 653.49
[CsHaNoI* 68.03 69.00 10%
[MoOCI,(C3HsN2)(C4HsO)J?* 161.46 163.09 87%
[C.HsOT* 72.05 73.07 22%
[4] [MoOCIy(CgH40,N)]. > 659.72 659.33 2%
[MoOCI(CsH40:N)(C4HsO)2* 200.95 201.10 15%
[MoOCIy(CgH40,N)?* 164.93 163.10 29%
[CsH.ONT* 147.02 149.03 17%
[MoOCLJ?* 91.01 93.03 100%
[C.HsOT* 72.05 73.07 28%
[5] [CsH/NT* 93.05 94.07 62%
[MoOCLJ?* 91.01 91.03 100%
[MoOCI,(C,HsO)CLJ?* 162.91 163.10 47%
[C.HsOT* 72.05 74.93 35%
[M0O,Cly(CeH7N)(C4HgO)Cl2].2* 869.76 869.72
[M0O,Cly(CeH7N)(C4HgO)Cl2].2* 434.88 437.26 8%
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