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Abstract: MoOCl, reacts with pot phthalimide, 2-mercaptopyridine, 2-mercaptopyridine-N-oxide sodium in
CH3;CN medium to vyield multinuclear Mo complexes: Mo,03;CI(CH;CN),(CgHsO,N),Cl;  [1],
M0,03CI(CH3CN)2(CgHs0,N)4Cls [2], M0,0,4Cl4(CsH4NS-SNCsH,4) [8], MoOCI3(CsH4NS-SNCsH,) [9] &
Mo0,0,Cl4(CsH4NS-SNCsH,) [10], MoOCI, reacts with succinimide in CH,Cl, to form MoO,Cl,(C4Hs0,N)
[11]. MoO,ClI, reacts with pot phthalimide & succinimide in CH3CN to provide MoO,(CgHsO,N), [4] &
MoO,Cl,(C4Hs0,N), [5], respectively. MoCls reacts with pot phthalimide, pyrazole & imidazole in CH3;CN
to yleld M002C|2(CH3CN)(C3H502N)C|2 [3], M002C|2(C3H4N2) [6] & M002C|2(C3H4N2)C| [7], resp.
Compounds have been characterized by elemental analysis, ‘H NMR, FTIR, Mass (GC-MS), electronic
spectra and molar conductance studies.

Keywords: MoOCl;; MoO,Cl,; MoCls; pot phthalimide; succinimide; pyrazole; imidazole;2-
mercaptopyridine; 2-mercaptopyridine-N-oxide sodium.

I. Introduction
It is already known that Molybdenum forms multinuclear complexes. ®. These complexes may be
cyanide bridged™  when CH;CN medium is used as reaction medium. CHsCN may act as terminal or cross
bridged ligand. Identification of terminal® " ®/cross bridged™* *® CH;CN ligand can be done by FTIR studies.
Cross-bridging® of CH5CN ligand can also be identified by *H NMR chemical shifts.
The author reported® * ™ *2 13 reactions of MoOCI,, MoO,Cl,, MoCls in CH,Cl, medium. Owing to feeble
solubility of MoO,Cl,, MoCls and ligands in CH,Cl, medium, reactions of MoOCI,; & MoO,Cl, & MoCls were
carried out and reported® ° by the author in CH;CN medium. In reactions reported in this paper, enhanced polarity
of CH;CN medium has played an important role in reaction process. Products obtained are mostly soluble in
CH3CN. This was due to better solubility of MoOCI,, MoO,Cl, & MoCls in CH;CN due to formation of solvent
stabilized complexes, like MoO,Cl,(CH3;CN)s,.
Many compounds reported in this paper are multinuclear as assessed by the fragments detected in mass (GC-MS)
spectra. There is some similarity in the fragments formed from the compounds prepared from MoOCI,;, MoO,Cl,
& MoCls.
Phthalimide* *° derivatives have been reported with biological activities. Among these activities, like inhibition
of tumor necrosis factor-a.
Succinimides'® are important class of substrates for biological applications.
Pyrazoles and their derivatives exhibit various biological activities including antimicrobia anti-
cyclooxygenase®®, anticonvulsant®, antitubercular®, antitumor®, antiinflammatory?, analgesic®, antidiabetic*,
antipshycotic® %%, 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.
Compounds containing N-oxides and Sulphur, such as 2-mercaptopyridine and 2-mercaptopyridine-N-oxide,
possess important biological activity*>*2. Compounds containing sulphur, as well as their metal complexes
exhibit numerous biochemical applications® 3 %,
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I1. Experimental
Materials:
Molybdenumoxytetrachloride MoOCI, has been prepared in laboratory by reaction of MoO3; (CDH, AR Grade)
with SOCI, at reflux temperature for about 5 h. After refluxing, excess SOCI, was evacuated in liquid nitrogen
traps. Dark green crystals thus obtained were dissolved in dry CH,CI, to get a dark red solution. Solution was
filtered through filtration unit fitted with G-4 sintered glass crucible to remove any unreacted/undissolved MoOs.
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On evacuation of filtrate, shining dark green crystals of MoOCI, were obtained, having m.p. 100°-102° C.
Molybdenumdioxodichloride MoO,Cl, (Sigma-Aldrich, USA) is a light yellow hygroscopic solid. It was
purchased and used as such. Molybdenumpentachloride 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 CH3;CN. Pyrazole is a colourless solid (SD
Fine, LR Grade, m.p. 66°-70° C). Succinimide (CDH, LR Grade, m.p. 125°-127° C) is a white solid, soluble in
polar solvents. 2-Pyridinethiol also called 2-mercaptopyridine (Sigma-Aldrich, USA, m.p. 127°-130° C) is a
yellow crystalline solid, soluble in acetonitrile. 2-Mercaptopyridine-N-oxide sodium (Sigma-Aldrich, USA, m.p.
250° C) is a deep brown solid, soluble in acetonitrile. 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 a colourless liquid. CH;CN was dried by standard methods.

Physical Measurements:

Molybdenum and chlorine were estimated by standard methods®. The elemental analyses (C, H, N and O) 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 and
UV-VIS spectra in DMSO solvent were recorded using Thermoscientific Genesys 10S Series UV-VIS
spectrophotometer (USA), at GZS PTU Campus, Bathinda (India). GC-MS spectra were recorded in the range 0 —
1100 m/z using Thermo Scientific TSQ 8000 Gas Chromatograph - Mass Spectrometer., at SAIF/CIL Panjab
University, Chandigarh (India). Molar conductance measurements of millimolar solutions were carried out on
Electronic India Digital Conductivity Meter Model 621 (India) at 25° C.

Synthesis of Compounds [1] to [11]:

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 liquid N, traps. A known weight of MoOCl,;, MoO,Cl, or MoCls dissolved in dry CH;CN was taken in
round bottomed flask. 1:1 or 1:2 molar amount of CgH,0,N'K" (potassium phthalimide), CsH4N, (imidazole or
pyrazole), C4HsNO, (succinimide), CsHsNS (2-mercaptopyridine) or CsH4sNSONa (2-mercaptopyridine-N-oxide
sodium) dissolved in CH3;CN in dropping funnel, 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 compounds 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 N, gas purged with O, using vacuum line and liquid N, traps.

2MoOCl, +2C,H,0,N K* —*2 Mo,0,CI(CH,CN), (C,H,0,N), Cl,,[1]

Pot. phthalimide Filtrate
2MoOCl, +4C,H,0,N K" —==5 Mo,0,CI(CH,CN), (C;H,0,N), Cl,,[2]
Pot. phthalimide Filtrate
MoCl; + C;H,0,N K" — 5 MoO,Cl, (CH,CN)(CzHs0,N)Cl,,[3]
Pot. phthalimide Filtrate
Mo0O,Cl, +2C,H,0,N K* —N 5 MoO, (CH,0,N), ,[4]
Pot. phthalimide Filtrate
MoO,Cl, +2C,H,0,N—***—Mo0,Cl, (C,H;O,N), ,[5]
Succinimide Filtrate
MoCl, +C,H,N, —**Mo00,Cl, (C;H,N, ), [6]
Pyrazole Residue
MoCl, +C,H,N, —*— Mo0,Cl, (C,H,N, )CL,[7]
Imidazole Residue
MoOCl, +2C,H,NS—" MoO,Cl, (C;H;NS), [8]
2 - Mercaptopyridine Filtrate
MoOClI, +2C,H,;NS—""— MoOCl, (C,H,NS-SNC.H, ), [9]
2 - Mercaptopyridine Residue
MoOCl, +C;H,NSONa—=* MoO,Cl, (C;H;NS),[10]
2 - Mercaptopyridine - N - oxide sodium Filtrate
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MoOcCl, +C,H,0,N —CHCl MoO,Cl, (C4H502N), [11]
Succinimide Residue

I11. Results & Discussions
Analytical Measurements:
All compounds are very moisture and air sensitive. They are insoluble in common organic solvents like

CH,CI,, CHCIs;, n-hexane, but soluble in polar solvents like CH;CN, DMSO and DMF. Formulations of these
compounds have been done on basis of their elemental analytical data, mass (GC-MS) and molar conductance
Awm measurements. Analytical data and mass (GC-MS) spectra reveal that some of these compounds are
multinuclear. Ay of compounds [1] to [11] in DMSO are 0.1 — 1.9 cm’ohm™mol™, suggesting their non-
electrolytic nature (Table-1).

Table-1 (Analytical & Molar Conductance Data)

Compounds Am % Composition Observed (Calculated)
*

(Colour/F.W.) Mo ci C = N 0 S

M0203C|(CH3CN)2 (CsHsozN)z C|7,[1] 0.6 20.85 30.70 25.86 1.84 05.39 11.7 -—--
. (21.33) (31.55) (26.66) .77) (06.22) (12.4)
(Light green/900.0)

M0203C|(CH3CN) (CsHsozN) C|5,[2] 0.4 17.97 18.05 37.65 2.57 06.50 16.4 -
2 4 (17.09) (18.96) (38.46) (2.31) (07.47) (15.6)
(Navy blue/1123.0)

NIo0, 1, CHLCNIC HONICT, Bl 0% | 8™ e s et e e
(Light blue/458.0) (20.96) (31.00) (26.20) (L.74) (06.11) (13:9)

09 | 2195 44.98 252 05.80 22.1
MoO, (C,H,O.N), .[4] (22.85) @571) | (1.90) | (06.66) | (22.8)
(White/420.0)

0.1 23.54 17.04 23.26 3.40 06.98 23.6
MoO,Cl, (C4H502 N )2 ] (24.18) (17.88) (24.18) (2.51) (07.05) (24.1)
(White/397.0)

01 | 3504 25.73 12.86 228 09.55 111
MoO,Cl, (C;H,N,). [6] (35.95) | (2659) | (1348) | (1.49) | (1048) | (11.9)
(Dark blue/267.0)

0.2 30.85 34.67 12.73 2.14 10.12 09.8
MOO?CIZ(C3H4N2)CI’[7] (31.73) (35.20) (11.90) (1.32) (09.25) (10.5)

(Dark brown/302.5)
_ 0.4 30.14 22.13 18.78 2.18 04.32 09.6 09.6
MOZO“CI“ (C5H4NS SNC5H4 ) (8] (30.96) (22.90) (19.35) (1.61) (04.51) (10.3) (10.3)
(Dark brown/618.0)

19 20.99 23.87 26.78 243 05.63 02.9 13.7
MOOCI3 (C5H4NS-SNC5H4 ) ! [9] (21.89) (24.38) (27.36) (1.82) (06.38) (03.6) | (14.5)
(Dark brown/438.5)

09 | 3023 21.99 18.55 221 05.22 09.9 | 09.74
Mo,0,Cl, (C;H,NS-SNC;H, ), [10] (30.96) | (22.90) | (19.35) | (1.61) | (0451) | (10.3) | (10.3)

(Light brown/618.0)
0.6 31.84 22.98 17.07 2.62 04.50 20.8 ———
MOOZCIZ(C4H502N)'[11] (32.21) (23.82) (16.10) | (1.67) | (04.69) | (21.4)
(Light green/298.0)

* Molar conductance of millimolar solutions in DMSO at 25° C.

FTIR Spectra:

Potassium phthalimide®” shows N-H stretchings at 3269 cm™and 3154 cm™. Band at 3205.14 cm™ shows that N-
H group is present in compound [1]. Strong band at 911.17 cm™ show the presence of terminal Mo=0 group® *
in the compound [1] (Table-2).

Band at 3201.1 cm™ shows that N-H group is present in compound [2]. Strong band at 956.2 cm™ show the
presence of terminal Mo=0 group® * in the compound [2] (Table-2).

Band at 3204.0 cm™ shows that N-H group is present in compound [3]. Strong bands at 992.1 s cm™and 906.1 w
cm* show the presence of cis-MoO,** core™ in the compound [3] (Table-3).

Band at 3199.2 cm™ shows that N-H group is present in compound [4]. Strong bands at 950.6 cm™ and 906.3 s
cm* show the presence of cis-MoO,?* core® in the compound [4] (Table-3).

Succinimide® **shows N-H stretchings at 3410 cm™ & 3223 cm™. Bands at 3478.13 cm™ and 3199.2 cm™ show
that N-H group is present in compound [5]. Strong bands at 977.3 cm™ & 908 cm™ show the presence of cis-
MoO,** core®. There is no shift in C=0 stretching frequency from 1771 cm™, which indicates that there is no
Mo-O coordination bond in compound [5] (Table-4).

Pyrazole** * shows N-H stretching at 3450 cm™. Band at 3278.2 cm™ shows that N-H group is present in
compound [6]. Mo-N coordination bond lowers frequency of N-H stretching. Strong bands at 981.4 s cm™and
917.6 cm™ show the presence of cis-MoO,** core®® in compound [6] (Table-5).
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Imidazole® *° shows N-H stretchings at 3724-3237 cm™. Band at 3278.1 cm™ shows that N-H group is present
in compound [7]. This peak is broad in the solid state (KBr disk) due to hydrogen bonding. Two bands at 990.3
cm™ and 913.5 cm™ are attributable to the presence of cis-MoO,** core® in compound [7] (Table-6).
2-Mercaptopyridine®” % #5051 shows N-H stretchings at 3338.21 cm™, 3209.2 cm™and S-H str at 2709 cm™.
Bands at 3338.21 cm™, 3209.2 cm™ and 3141.2 cm™ show that N-H group may be present in compound [8].
Absence of any band in the region of 2709 cm™ shows absence of S-H group in compound [8] (Table-7).

Bands above 3100 cm™are missing which shows that N-H group is missing in compound [9]. Absence of any
band in the region of 2709 cm™ shows absence of S-H group in compound [9] (Table-7).
2-Mercaptopyridine-N-oxide sodium® shows N-H stretching above 3100 cm™. Band at 3392.36 cm™ shows that
N-H group may be present in compound [10]. Absence of any band in the region of 2709 cm™ shows absence of
S-H group in compound [10] (Table-7).

Table 2 (FTIR absorptions in cm™)

Assignments CgH 0N K* [1] [2]
(Pot. Phthalimide)*
N-H str 3269 w, 3154 w 3205.14s, b 3201.1s,b
In phase C=0 str 1704 m, 1687 w, 174410 s, 1641.21 m 1734.0 s, b, 1643.0 s
1665 vww
C-C Benzene ring str 1608 s 1604.21 m 1603.1s
Out of phase C=0 str 15935, 1588 s, 1552 vw, 1507 | - 1555.0s, b
VW

C-C Benzene ring str

1465 vvw, 1449 vvw,
1398 w, 13725, 1356 m

1469.32 vw, 1405.24 m, 1387.24
m

1466.2 sh, 1389.0 s, b

Five membered ring
C-C str

12975, 1231 w,
1209 vw, 1184 s, 1128 s

1307.26 m, 1259.22 m

1304.1s,1258.1s,
1171.7 sh, 1141.7 w

C-H in plane bending 1091 vww 1053.30 w 1073.5w, 1052.3 5
C-C Benzene ring str 769 vw, 756 vw, 743 vw 746.22m 745.1 sh
C-H out of plane bending 717s 714.11s 714.0 s
Mo=0 Str.® ¥ 911.17 s 956.2 5
Table 3 (FTIR absorptions in cm™)
Assignments CgH4,O,N'K* [3] [4]
(Pot. Phthalimide)®
N-H str 3269 w, 3154 w 3204.0s,b 3199.2s, b
In phase C=0 str 1704 m, 1687 w, 1730.0 s, b, 1698.0 s, b 1731.0s,b, 16474 s
1665 vvw
C-C Benzene ring str 1608 s 1604.3 sh 1600.5 s
Out of phase C=0 str 1593 s, 1588 s, 1552 vw, 1507 1580.4 s
vw

C-C Benzene ring str

1465 vvw, 1449 vvw,
1398 w, 1372's, 1356 m

1406.1 s, 1389.2 sh

1403.1s,1387.4 m

Five membered ring
C-C str

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

1307.25,1282.2 s

1306.5s, 1259.6 s

C-H in plane bending 1091 vww 1071.8 w, 1052.5 m 1073.2 w, 1052.14 m
C-C Benzene ring str 769 vw, 756 vw, 743 vw 796.8 m, 738.3m 795.5m, 740.5m
C-H out of plane bending 717 s 715.1s 714.1s

Mo=0 Str. of
cis-Mo0,** core®

992.155,906.1w

950.6 m, 906.3 s

Table 4 (FTIR absorptions in cm™)

Assignments C4HsNO, [5] [11]
(Succinimide)**
NH str. 3410s, b, 32235, b 3478.13 sh, 3199.2 s 3510.9 sh, 3300.5 s
CO sym., HNC in plane 1771 m 1769.3 m 1775.19 m, 1756.19 m,
bending
CO asym., HNC in plane 1713 vs, b 1697.2 s 1682.0 s, 1595.13 sh
bending
CH, sym. scissoring 1431 m 14248 m 1416.26 sh
CH, asym. scissoring 1400 m 1366.7 m 1373.15m
CNC asym. str., HNC in plane 13495, 1334 1315.7m 1297.17m
bending
CHj; bending, ring in plane 1294 s 1287.3 m 1297.17 m
bending
CH, bending 1241 11247.12m 1248.28 w
CNC asym. str., HNC in plane 1186 s, 11779 m 1182.4s
bending
C-C str., CNC sym. str. 849 848.5w 858.3 w
CHj; bending, ring out of plane 817 s 818.2 m 815.17 m, 721.13 s

AIJRSTEM 15-418; © 2015, ANRSTEM All Rights Reserved

Page 302




Gursharan Singh et al., American International Journal of Research in Science, Technology, Engineering & Mathematics, 10(4), March-

May, 2015, pp. 299-308

bending

OCN asym. out of plane
bending

632 m

637.2m

646.15m

OCN sym. out of plane
bending, CH, bending

543 w

5472w

553.29 w

Mo=0 Str. of
cis-Mo0O,** core®

- 977.3'5,908 m

981.10s,919.19 m

Table 5 (FTIR absorptions in cm™)

Assignments C3H4N; [6]
(Pyrazole)*™*
N-H, str. 3450 3278.2 vs, vb
C-H str. 3155, 3144 3138.1vs, b
C=C ring str. 1558 1615.4 s, 1592.7 sh
N-C ring str. 1468, 1138 1464.11 sh, 1409.8 m, 1323.14 sh, sh,
1260.15 sh,, 1167.16 sh
C-H in plane bending 1046, 1035 111195, 1052.9s
C-H bending 938
Ring bending 918
C-H out of plane bending (wagging), 893, 840, 760 784.15s,b
Ring twisting
Ring twisting 656, 619 635.7 sh, 608.7 m, 565.4 m
Ring twisting, N-H wagging 498 433.16 w
Mo=0 Str. of cis-Mo0,** core® 981.4s,917.6 m

Table 6 (FTIR absorptions in cm™)
Assignments C3HaN; [7]
(Imidazole)*
N-H str. 3724 vb, 3656 vb, 3270, 3241, 3237 3278.1s, br
C-H str. 3196, 3165 3142.1's, 2984.4 sh, 2848.6 sh,
C=C ring str. 1558, 1500 1608.7 s, 1581.5 s
N-C ring str. 1434 1419.11 m
C-H in plane bending 1092, 1074 1089.12 m, 1045.8 s
C-H bending 964
Ring bending 909 o
C-H out of plane bending (wagging), 816, 730 884.55s,764.2 s, br
Ring twisting
Ring twisting 646 620.4 s
Ring twisting, N-H wagging 528 509.17 m
Mo=0 str. of cis-MoO,** core* 990.35,9135m

Table 7 (FTIR absorptions in cm™)
Assignments CsH5NS® 383,40, 41,42 [8] [9] [10]
(2-Mercaptopyridine)
N-H str 3176 3338.21vs, b, 3209.2 s, 3392.36s, b,
3141.2s
C-H str 3054, 2927, 2879 3025.21 s, 2891.23 m 3077.21'm, 2929.25 m 310141 w
S-H str 2709 m
Ring breathing modes | 1613s, 1576 vs, 1504 s, 1446 s, 1601.14 s, 1526.24 w, 1603.17 s, 1581.16 s, 1607.41 s,
& Hydrogen in plane 1418s 1509.25 w, 1446.21 m, 1506.26 m, 1494.26 m 1528.54 w,
wagging 1378.26 m 1464.47 w,
1428.48 w
C=N ring 1275 m 1274.28 m 1283.26 m 127753 w
C-H in plane bending 1246 m 1225.34 w 1219.33 w 1246.56 vw
C-S str 1188 vs, 1145 vs 1167.32 w 1145.1 w 1199.46 m
C=S str, Hydrogen out 745, 613 760.10 vs, 772.1vs,711.3 w, 770.31 vs,
of plane bendingout 621.25 sh, 622.37 w 702.42 sh
of plane
Mo=0 str. of cis- 977.16 vs, - 944.43 m,
Mo0O,*" core™ 915.28 w 908.35 s
Mo=0% Fstr. 983.16 vs
'"H NMR Spectra:
53, 54

Spectrum of pot. phthalimide shows peaks in the range 7.3 ppm-7.8 ppm due to ring protons. Spectrum of
[1] in DMSO-dg shows peaks due to ring protons in the range 7.03 ppm-7.98 ppm with highest peak at 7.60
ppm, N-H peak at 11.19 ppm and CH;CN peak at 1.97 ppm. This shows presence N-H group and CH;CN in the
compound [1] (Table-8).
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Spectrum of [2] in DMSO-dg shows peaks due to ring protons in the range 7.21 ppm-8.01 ppm with highest peak
at 7.74 ppm, N-H peak at 11.26 ppm and CH3;CN peak at 1.97 ppm. This shows presence N-H group and
CH,;CN in the compound [2] (Table-8).

Spectrum of [3] in DMSO-dg shows peaks due to ring protons in the range 7.20 ppm-8.19 ppm with highest peak
at 7.74 ppm, N-H peak at 11.24 ppm and CH;CN peak at 1.97 ppm. This shows presence N-H group and
CH,CN in the compound [3] (Table-9).

Spectrum of [4] in DMSO-dg shows peaks due to ring protons in the range 7.08 ppm-7.75 ppm with highest peak
at 7.73 ppm, N-H peak at 11.24 ppm. This shows presence N-H group in compound [4] (Table-9).

Spectrum of succinimide® *® shows CH, peaks at 2.73 ppm. Spectrum of compound [5] in DMSO-ds shows
peak that peak due to CH, has moved up field (Table-10).

Spectrum of pyrazole* in CCl, shows absorptions due to middle CH proton at 6.31 ppm, CH protons on side
two carbons at 7.61 ppm and due to N-H proton at 12.64 ppm. Spectrum of compound [6] in DMSO-ds shows
peak that peak due to middle CH proton and on side two carbons have moved downfield (Table-11). Peaks of
C—H protons of pyrazole appear as singlets, because of the tautomerization equilibrium.

Spectrum of imidazole®® in CDCl; shows absorptions due to CH proton (between two nitrogen atoms) at 7.73
ppm, CH protons on other two carbons at 7.15 ppm and due to N-H proton at 11.62 ppm. Spectrum of
compound [7] in DMSO-dg shows relatively up field absorptions for CH proton (between two nitrogen atoms),
CH protons on other two carbons (Table-12). Two equivalent C—H protons of imidazole appear as singlets,
because of the tautomerization equilibrium.

Spectrum of 2-mercaptopyridine®® shows peaks at 7.33 ppm, 6.80 ppm, 7.46 ppm and 7.70 ppm due to C3-H,
C4-H, C5-H and N-C-H protons, respectively. Spectra of compounds [8], [9] and [10] show that absorptions
move downfield (Table-13). N-H peaks were not observed.

Spectrum of compound [11] in DMSO-dg shows peak that peak due to CH, has moved up field (Table-10).

Table 8 ("H NMR absorptions in ppm)

Assignments CgH,ON' K" [1] [2]

(Pot. phthalimide)®* >

NoH 11.19 (s)1H 1126 (s) 1H
Ring C-H 7.58 -7.87 7.03-7.98 (m) 10H 7.21-8.01 (m) 20H
CHsCN 1.97 (s) 6H 1.99 (s) 6H

Table 9 (*H NMR absorptions in ppm)

Assignments CsH 0N K* [3] [4]

(Pot. phthalimide)®* >

N-H 11.24 () 1H 11.23 (s) 1H
Ring C-H 758 -7.87 7.20-8.19 (m) 5H 7.08-7.75 (m) 20H
CH:CN 1.97 3H

Table-10 (*H NMR absorptions in ppm)

Assignments C4HsNO, [5] [11]

(Succinimide)® *

N-H 10.96 1H 11.00 1H
CH, 2.73 2.554H 2.50 4H
Table-11 (*H NMR absorptions in ppm)
Assignments C3H;N; in CCl, [6]
(Pyrazole)®’
N-H 12.64 1H
Middle CH, 6.31(s) 1H 6.45 (s) 1H
Side CH, 7.61(s) 2H 7.92 (s) 2H
Table-12 (*H NMR absorptions in ppm)
Assignments C3H4N, [7]
(Imidazole)®®
N-H 124 1H 14.65 (s) 1H
C-H 9.37 1H 9.11(s) 1H
(between two nitrogens)
C-H 7.80 2H 7.64 (s) 2H
(other carbons)

Table-13 (*H NMR absorptions in ppm)
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Assignments CgHsO,NS™ [8] [9] [10]
(2-Mercaptopyridine)

N-H - -

Cs-H 7.33 7.70 7.64 7.48

Cs-H 6.80 7.34 7.28 7.36

Cs-H 7.46 7.86 7.81 7.71

NC-H 7.70 8.52 8.45 8.40

Mass Spectra (GC-MS)®:

Compounds [1], [2], [8], [9], [10] and [11] have been prepared from MoOCI, as the precursor.
Compounds [3], [6] and [7] have been prepared from MoCls as the precursor. Compounds [4] and [5] have been
prepared from MoO,Cl, as the precursor. Mass spectra (GC-MS) of these compounds have some correlations
and common fragments. For example, compounds [3], [5], [6], [7], [8] [10] and [11] decompose to form
common fragment 199.9 (Table-14). Based on the fragments formed, formulae of the compounds have been
derived. Fragmentation behaviour of these compounds are as under.

Mo,0,CI(CH,CN), (C,H,0,N),CI, —[Mo,0,CI(CH,CN),]*" +[C,H.O,N]"

[1](F.W. = 900.0) m/z=181.0 m/z=147.1
\2
[C,H,]' +CO «[C,H,CO]’ +HNCO
m/z=76.1 m/z=104.1

Mo,0,CI(CH,CN), (C,H.0,N),Cl, —[Mo,0,CI(CH,CN),]** +[C,;H.O,N]"

[2](F.W.=1123.0) m/z=181.0 m/z=147.0
2
[CH,] +CO «[C,H,CO]" + HNCO
m/z=76.1 m/z=104.1

M00,Cl, (CH,CN)(C,H.0,N)Cl, — [M00,Cl,]* +[C,H,0,N]*

[3](F.W. = 458.0) m/z=1999 m/z=147.0
\!
[C,H,]" +CO «[C,H,CO]" + HNCO
m/z=76.1 m/z=104.1

MoO, (C;H;0,N), —[C,H.O,N]
[4](FW.=420.0) m/z=147.0
\2
[C,H, T +CO «[C,H,CO]" +HNCO
m/z=76.1 m/z=104.1

MoO,Cl,(C,H;0,N), —[C,H;O0,N]" +[MoO,Cl,]*
[5]1(F.W.=397.0) m/z=99.0 m/z=199.9
2
[MoO.CI]" +ClI
m/z=164.9
MoO,Cl,(C,H,N,) —[C,H,N,]" +[M0O,Cl,]"
[6](FW.=267.0) m/z=68.1 m/z=199.9
\A

[MoO,]" +Cl «[M00O,CI]" +ClI

m/z=129.9 m/z=164.9
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m/z=68.1 m/z=199.9

m/z=199.9

m/z=164.9

m/z=129.9

\

Mo <« [MoO]"
m/z=97.9 m/z=114.0

MoOCl, (C,H,SN - NSC,H,) - [C,H,SN - NSC.H,]* —[C,H,SN-NC,H,]" >[C,H,N-NC,H,]"

[9](F.W. = 438.5)

\

[CsH, SN
m/z=110.0

m/z=220.0

m/z=187.0

m/z=156.1

)

[CsH NI
m/z=78.0

Mo,0,Cl, (C,H,NS-SNC,H, ) - [C,H,NS-SNC.H,]" +[M0O,Cl,]" +Cl — [MoO,CI]" +Cl

[10](F.W. = 618.0)

[11](F.W. = 397.0)

m/z=220.0

[CH NI
m/z=78.1
Mo0,Cl, (C,H.0,N) — [C,H.0,N]* +[M0O,CL,]*

m/z=99.1 m/z=199.9

[MoO,CI]" + Cl «-[M00O,CI]" +ClI
m/z=129.9 m/z=164.9

m/z=199.9

m/z=164.9

[MoOJ" « [MoO,]"

m/z=113.0 m/z=129.9

Table-14 (m/z values of some fragments)
Comp. Fragment Calculated” Observed Relative abundance

1 2 180.40 181.0 100%
11| [Mo,0,CI(CH,CN),]** b
[CeHs0,NT* 147.03 147.1 90%
[CsH,COT" 104.02 104.1 100%

[CeH.]" 76.03 76.1 50%

2 2 180.40 181.0 12%
2] [Mo,0,CI(CH.CN),T** b
[CsHsO.N] 147.03 147.0 100%

[CsH.COT 104.02 104.1 62%

[CeH.]" 76.03 76.1 40%

[3] [MoO.Cl ] 199.83 199.9 12%
[CsHsO:N]* 147.03 147.0 80%
[CsH,COT" 104.02 104.1 100%

[CeHa]” 76.03 76.1 40%

[4] [CsHsO.N]* 147.03 147.0 40%
[CsH,COT" 104.02 104.1 100%

[CeHa]” 76.03 76.1 42%

+ 0,
[5] [C,H,O,N] 99.03 99.0. 100%
[MoO.Cl,]* 199.83 199.9 12%

[MoO,CI]* 164.86 164.9 10%

+ 0,

[6] [C,H,N,] 68.03 68.1 55%
[MOOZC|2]+ 199.83 199.9 100%

[MoO,CI]* 164.86 164.9 50%

[MoO,]* 129.89 129.9 10%

T 0,
[71 [C,H,N,] 68.03 68.1 100%
[MoO,Cl,]* 199.83 199.9 34%
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(8] [MoO,CL, " 199.83 199.9 100%
[MoO,CIT 164.86 164.9 60%

[MoO, ]’ 129.89 1299 0%

[Mo]" 97.9 97.9 8%
[9] [C,H,SN-NSC.H,]* 220.1 220.0 100%
[C.H,SN-NC.H,] 188.04 187.0 35%

5114 514

[C;H,N-NCH,T 156.06 156.1 70%

[C,H,NT 78.03 78.0 30%

[C,H,SNT 110.00 110.0 5%

[10] [C,H,SN-NSCH,T* 220.1 220.0 75%
[MoO,CL,] 199.83 199.9 88%

[MoO,CIT 164.86 164.9 60%

[MoO,] 129.89 129.9 15%

[MoO7]" 113.90 113.0 60%
[C H N]+ 78.03 78.1 100%

5114

[11] [C,H.O,NJ* 99.03 99.1 44%
[MoO,CL,] 199.83 199.9 100%

[MoO,CI]* 164.86 164.9 40%

[MoO,] 129.89 129.9 5%

Electronic Spectra:

Absorptions (Amaxnm) Absorptions (Amaxnm)
Pure Ligand Compound (solution in DMSO)

Pot phthalimide® % 7% 200-400 nm imidazole ring T—>n* [1] 259 nm (€ 3021.4) ring n—>n*
Pot phthalimide® -¢" % 200-400 nm imidazole ring n—>m* [2] 260 nm (€ 3725.9) ring n—>n*
Pot phthalimide® % 7% 200-400 nm imidazole ring T—>n* [3] 261 nm (€ 2371.2) ring n—>n*
Pot phthalimide® ®-¢"- % 200-400 nm imidazole ring —>m* [4] 261 nm (€ 3355.0) ring n—>n*
Succinimide®® (solution in DMSO) 259 nm [5] 268 nm (€ 3247.8)
Pyrazole® (solution in DMSO) 264 nm pyrazole ring n—>n* [6] 260 nm (€ 1406.3) pyrazole ring n—>n*
Imidazole® (solution in DMSOQ) 284 nm imidazole ring =—>n* [7] 259 nm (€ 1209.0) imidazole ring n—>n*
2-Mercaptopyridine®® 343 nm ring n—n* [8] 278 nm (€ 2373.5)
2-Mercaptopyridine®® 343 nm ring n—m* [9] 282 nm (€ 4175.0) ring T—1*,

260 nm (€ 3439.2) ring n>n*
2-Mercaptopyridine-N-oxide sodium® ® below 300 nm ring [10] 273 nm (€ 6530.9) ring n—>7*
non¥*
Succinimide® ® (solution in DMSO) 259 nm [11] 260 nm (€ 3525.9)

References

[1] F. Albert Cotton, Lee M. Daniels, Carlos A. Murillo & Xiaoping Wang, Polyhedron, 17 (17) (pp. 2781-2793) 1998.

[2] http://worldwidescience.org/topicpages/c/cyanide+bridges+link.html#.

[3] Comrie, A. G., McVitie, A. and Peacock, R. D., Polyhedron, 13 (pp. 193) 1994.

[4] Gursharan Singh, Vikas Mangla, Mamta Goyal, Kavita Singla & Deepika Rani, American International Journal of Research in
Science, Technology, Engineering & Mathematics, 9(1) (pp. 25-33) 2015.

[5] Gursharan Singh, Vikas Mangla, Mamta Goyal, Kavita Singla & Deepika Rani, International Congress on Chemical, Biological and
Environmental Sciences 2015, (pp. 930-942) May 7-9, 2015, Kyoto (Japan).

[6] Barbara Modec and Jon Zubieta, Materials, 3 (pp. 150-157) 2010.

[7] http://thesis.library.caltech.edu/2349/7/Chapter7.pdf.

[8] Pouchert, C. J.; The Aldrich Library of FT-IR Spectra, Edition I, Aldrich Chemical Company, Inc.: Milwaukee, Wisconsin, 1985.

[9] Gursharan Singh, Vikas Mangla, Mamta Goyal, Kavita Singla & Deepika Rani, American International Journal of Research in
Science, Technology, Engineering & Mathematics, 8(2) (pp. 131-136) 2014.

[10] S K Vasisht, Gursharan Singh, in: VII International Symposium on Organosilicon Chemistry, Kyoto, Japan, (pp. 40) 1984.

[11]  Sham K Vasisht. Gursharan Singh & (Ms) Sarita Chaudhary, Indian Journal of Chemistry, vol. 24A (pp. 574-577) 1985.

[12]  Sham K. Vasisht, Gursharan Singh & Pawan K. VVerma, Monatshefte fur Chemie, vol. 117 (pp. 177-183) 1986.

[13] S KVasisht & Gursharan Singh, Z, Anorg. Allg. Chemie, vol. 526 (pp. 161-167) 1985.

[14] Lima, L. M.; Castro, P.; Machado, A. L.; Fraga, C. A. M.; Lugniur, C.; Moraes, V. L. G.; J. Biol. Org. Med. Chem., 10 (pp. 3067-
3073) 2002.

[15] Orzeszka, A.; Kaminsaka, B.; Orzesko, G.; Stareerciak, J. Il Farmaco., 55 (pp. 619) 2000.

[16] N P Shetgiri, B K Nayak, Indian J Chem., 44B (1933-1936) 2005.

[17]  Bekhit AA, Ashour HMA, Ghang YSA, Bekhit AEA, Baraka A., Eur J Med Chem, 43 (pp. 456-463) 2008.

[18]  Frigola J, Colombo A, Pares J, Martinez L, Sagarra R, Rosert R., Eur J Med Chem, 24 (pp. 435-445) 1989.

AIJRSTEM 15-418; © 2015, ANRSTEM All Rights Reserved Page 307


http://worldwidescience.org/topicpages/c/cyanide+bridges+link.html

Gursharan Singh et al., American International Journal of Research in Science, Technology, Engineering & Mathematics, 10(4), March-
May, 2015, pp. 299-308

[19] Aziz MA, Abuorahma GEA, Hassan AA., Eur J Med Chem, 44 (pp. 3480-3487) 2009.

[20] Castagnolo D, Mantti F, Radi M, Bechi B, Pagano M, Logu AD., Bioorg Med Chem, 17 (pp. 5716-5721) 2009.

[21]  Ahmed OM, Muhamed MA, Ahmed RR, Ahmed SA., Eur J Med Chem, 44 (pp. 3519-3523) 2009.

[22]  Bekhit AA, Aziem TA., Bioorg Med Chem, 12 (pp. 1935-1945) 2004.

[23] Bondock S, Rabie R, Etman HA, Fadda AA., Eur J Med Chem, 43 (pp. 2122-2229) 2008.

[24] Gopalakrishnan S, Ravi TK, Manojkumar P., Eur J Med Chem, 44 (pp. 4690-4694) 2009.

[25] Barcelo M, Ravina E, Masaguer CF, Dominguez E, Areias FM, Brea J., Bioorg Med Chem Lett, 17 (pp. 4873-4877) 2007.

[26] Pospisil P, Folkers G., FABAD J Pharm Sci, 29 (pp. 81-92) 2004.

[27]  Cho AE, Guallar V, Berne BJ, Friesner R., J computchem, 26 (pp. 915-931) 2005.

[28]  A.F. Pozharskii; Heterocycles in Life and Society, Chichester, Newyork, (pp. 301) 1997.

[29] TL Gilchrist, Heterocyclic Chemistry, John Wiley & Sons The Bath press, New york, 1985.

[30] A. Kleeman, J. Engel, B. Kutscher, and D. Reichert, PharmaceuticalSubstances: Syntheses, Patents, Applications of theMost
Relevant APIs, Thieme Medical, New York, NY, USA, 3" edition, 1999.

[31] Lu KL, Kumaresan S, Wen YS, Hwu JR, Organometallics, 13 (pp. 3170-3176) 1994.

[32] Nagai K, Carter BJ, Xu J, Hecht SM, J Am Chem Soc., 113: (pp. 5099-5100) 1991.

[33] Lobana TS, Bhatia PK, J Sci Ind Res., 48 (pp. 394-401) 1989.

[34] Kovacs JA, Holm RH, Inorg Chem., 26 (pp.711-718) 1987.

[35] Rambo JR, Huffman JC, Christou G, J Am Chem Soc., 111 (pp. 8027) 1989.

[36] Al Vogel, A text book of Quantitative Inorganic Analysis; John Wiley and Sons: New York, 1963. (Standard method)

[37]  Yoshiyuki Hase, J Molecular Structure, 48 (pp. 33-42) 1978.

[38] B.G.Ward and F.E. Stafford, Inorg. Chem., 7 (pp. 2569) 1968.

[39] Bodo Heyn, Hoffmann and Regina, Z. Chem., 16 (pp. 407) 1976.

[40] V L Abramenko, V S Sergienko & A V Churakov, Russian J Coord Chem., 26(12) (pp. 866-871) 2000.

[41] B.A. Stamboliyska et al., Journal of Molecular Structure, 516 (pp. 237-245) 2000.

[42] Toyozo Uno, Katsunosuke Machida, Bulletin of the Chemical Society of Japan, 35 (2) (pp. 276-283) 1962.

[43]  Spectrochim Acta A Mol Biomol Spectrosc. 2011 Sep;79(5):1959-68. doi: 10.1016/j.saa.2011.05.100. Epub 2011 Jun 12.

[44]  Chemistry of Heterocyclic Compounds, 10, Issue 4, pp (pp. 471-476) 1974.

[45] Naji A. Abod, M.AL-Askari and Bahjat A. Saed, Basrah Journal of Science (C), 30 (119-131) 2012.

[46] Jag Mohan, Organic Spectroscopy: Principles and Applications, CRC Press, 2004.

[47]  http://www.sigmaaldrich.com/catalog/product/aldrich/m5852?lang=en&region=IN.

[48] Moamen S. Refat and Robson F. De Farias, J. Serb. Chem. Soc., 71 (12) (pp. 1289-1300) 2006.

[49] Muhammad Hanif, Aisha Saddiga, Shahida Hasnain, Saeed Ahmad, Ghulam Rabbani and Anvarhusein A. Isab c, Spectroscopy, 22
(pp.51-56) 2008.

[50] Hao-Li Xhang, Stephen D Evans, J R Henderson, Robert E Miles, Tiehan Shen, J Phys. Chem. B, 107 (pp. 6087-6095) 2003.

[51] D. B. Shpakovsky,C. N. Banti, G. Beaulieu-Houle, N. Kourkoumelis, M. Manoli, M. J. Manos, A. J. Tasiopoulos, S. K. Hadjikakou,
E. R. Milaeva, K. Charalabopoulos, T. Bakas, I. S. Butlerd and N. Hadjiliadisa, Dalton Trans., 2012, 41 (pp. 14568) 2012.

[52] Hong Liang, Zhen- Feng Chen, Rui-Xiang Hu, Qinh Zu, Transition Metal Chemistry, 27 (pp. 102-104) 2002.

[53]  http://www.sigmaaldrich.com/spectra/fnmr/FNMR001834.PDF.

[54] Robertha C. Howell, Selvin H. Edwards, Alison S. Gajadhar-Plummer, Ishenkumba A. Kahwa, Gary L. McPherson, Joel T. Mague,
Andrew J. P. White and David J. Williams, Molecules, 8 (pp. 565-592) 2003.

[55]  http://www.molbase.com/en/hnmr_moldata-2973.html?search_keyword=123-56-8.

[56] http://www.nmrdb.org/new_predictor/index.shtml?v=v2.9.10.

[57] Editor: Teresa M. V. D. Pinho e Melo, Recent Research Developments in Heterocyclic Chemistry,: 397-475 ISBN: 81-308-0169-8,
2007.

[58] Nuran Ozgicek Pekmez, Muzaffer Can, Attila Yildiza, Acta Chim. Slov., 54 (pp. 131-139) 2007.

[59] Muha Hanif, Aisha Saddiga, Shahida Hasnain, Saeed Ahmad, Ghulam Rabbani and Anvarhusein A. Isab, Spectroscopy, 22 (pp. 51—
56) 2008.

[60] http://www.sisweb.com/referenc/tools/exactmass.htm.

[61] B. Chandrakantha, Arun M. Isloor, Kishore Sridharan, Reji Philip, Prakash Shetty, Mahesh Padaki, Arabian Journal of Chemistry, 6,
(pp. 97-102) 2013.

[62] Krupa Jani, J. Curr. Chem. Pharm. Sc., 4(1), (pp. 34-36) 2014.

[63] Zofia Olech, Wiestawa Zaborska, Pol. J. Food Nutr. Sci., 62, No. 1 (pp. 23-29) 2012.

[64] Juciane B. Luiz; Fabiano M. de Andrade; Eduardo L. de S&; Geraldo R. Friedermann; Antonio S. Mangrich; J. Elaine Barclay;
David J. Evans; Tai Hasegawa; Fabio S. Nunes, Journal of the Brazilian Chemical Society, 15 no.1, 2004.

[65]  Sibel Sen, Rifat Capan, Hilmi Namli, Onur Turhan, BAU Fen Bil. Enst. Dergisi Cilt, 13(2) (pp.1-6) 2011.

[66] Mikroyannidis J.A., Tsai L.R. Chen Y, Synthetic Metals, 159 (pp. 1195-1201) 2009.

[67] Chang C.J., Tsai M.H., Kao P.C., Tzeng H.Y., Thin Solid Films, 516 (pp. 5503-5507) 2008.

[68] Behniafar H., Abedini-pozveh A, Polymer Degradation and Stability, 96 (pp.1327-1332) 2011.

Acknowledgements

We are thankful to Department of Sophisticated Analytical Instruments Facility/Central Instrumentation Laboratory, Panjab University,

Chandigarh (India) for providing us the facility for C, H, N, O analysis, UV-VIS spectra, FTIR spectra, Mass (LC-MS) spectra and *H-NMR

spectra to characterize samples synthesized by us. We are also thankful to Campus Director, Giani Zail Singh Punjab Technical University

Campus Bathinda, Punjab, for providing us all infrastructural facilities and financial assistance out of TEQIP-II grant to execute this project.

AIJRSTEM 15-418; © 2015, ANRSTEM All Rights Reserved Page 308


http://pubs.acs.org/doi/abs/10.1021/om00020a033
http://pubs.acs.org/doi/abs/10.1021/ja00013a077
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=iucr&version=1.0&coi=1:CAS:528:DyaK3cXjt1WksA%3D%3D&pissn=unknown_on_link_creation&pyear=unknown_on_link_creation&md5=4f50c3447b97dac1e193fa143fc37153
http://pubs.acs.org/doi/abs/10.1021/ic00252a015
http://www.chem.ufl.edu/~christou/group/ChristouGroupPapers/82.%20V4O%20square%20planar%20(JACS%201989).pdf
http://link.springer.com/search?facet-author=%22V.+L.+Abramenko%22
http://link.springer.com/search?facet-author=%22V.+S.+Sergienko%22
http://link.springer.com/search?facet-author=%22A.+V.+Churakov%22
http://www.ncbi.nlm.nih.gov/pubmed/21703911
http://www.sigmaaldrich.com/catalog/product/aldrich/m5852?lang=en&region=IN
http://www.sigmaaldrich.com/spectra/fnmr/FNMR001834.PDF
http://www.molbase.com/en/hnmr_moldata-2973.html?search_keyword=123-56-8
http://www.nmrdb.org/new_predictor/index.shtml?v=v2.9.10
http://www.sisweb.com/referenc/tools/exactmass.htm
http://www.scielo.br/scielo.php?script=sci_serial&pid=0103-5053&lng=en&nrm=iso

