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Abstract

Four Schiff bases, from pyruvic acid (1) with amines containing N and S do-
nor atoms, thiocarbohydrazide (2, 61%), 2-methyl-3-thiosemicarbazide (3,
26%), S-benzyldithiocarbazate (4, 51%) and $-n-octyldithiocarbazate (5, 63%)
have been successfully synthesized. The conventional method was used and a
series of novel linear and cyclic Schiff bases were obtained with or without
catalyst. All the Schiff bases were fully characterized by CHN elemental analy-
sis, FT-IR, '"H & “C NMR, EI-MS and two of the Schiff bases were further
characterized by X-ray crystallographic structure analysis. Compound 2 crys-
tallizes in the triclinic space group P-1 and unit cell dimensions are: a =
4.1777(8), b = 5.9538(11), ¢ = 13.458(3) A, a = 92.759(6), £ =90.813(6), y =
100.040(6)°, R, = 0.0439. Compound 3 crystallizes in the orthorhombic space
group P n a 2(1) and unit cell dimensions are: a = 5.5992(2), b = 11.3962(5), ¢
= 10.6473(5), a = 92.759(6), f = 90.813(6), y = 100.040(6)°, R, = 0.0285.
Compounds 2 and 3 were obtained as cyclic Schiff bases which are triazine
derivatives.

Keywords

Pyruvic Acid Schiff Bases, Thiocarbohydrazide, $-Alkyldithiocarbazates,
Thiosemicarbazide, Triazine, N and S Containing Amines

1. Introduction

In recent decades, much attention has been focused on Schiff bases derived from

S-alkyl/aryl ester of dithiocarbazic acid such as S-benzyldithiocarbazate, S-me-
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thyldithiocarbazate and $-n-octyldithiocarbazate [1] [2] [3] [4] as well as thi-
ocarbohydrazide [5] [6] [7] and substituted thiosemicarbazide [8]. These dithi-
ocarbazates were condensed with carbonyl compounds such as pyruvic acid to
synthesize several novel Schiff bases which could lead to many potential applica-
tions. This is because they contain mixed hard and soft donor atoms nitrogen,
oxygen and sulfur which are ideal as chelating agents for metal ions. Most of the
organic chelators are capable of exhibiting a wide range of biological potentials
such as anticancer [1] [7] [8] [9] [10], antibacterial [5] [7] [11] [12], antifungal
[5] [13]. They also have other applications as catalysts in reactions or as pho-
toactive materials [14]. The terminal amino group in thiosemicarbazide and thi-
ocarbohydrazide on the other hand, is highly nucleophilic toward C-eletrophiles
because of the activating effect of its adjacent nitrogen which is susceptible to
partake in different reactions such as amide formation and Schiff base formation
[15] [16]. Due to this phenomenon, these amines namely thiosemicarbazide and
thiocarbohydrazide have been reported to yield a series of five, six and seven
membered heterocycles when treated with different compounds such as carbox-
ylic acid or esters. Thiocarbohydrazide has a general tendency to form N-amino
compound in ring closure reaction such as condensation reaction with a-keto-
carboxylic acids to form triazines [15] [16]. Therefore, in view of their potential
medical application and our continuing interest in the synthesis of new Schiff
bases, we hereby report the preparation and characterization of new Schiff bases
from pyruvic acid with $-n-octyldithiocarbazate and S$-benzyldithiocarbazate
along with the preparation and characterization of the Schiff bases obtained
from pyruvic acid with thiocarbohydrazide and 2-methyl-3-thiosemicarbazide

together with their X-ray crystallographic structure analysis.

2. General Method and Procedures
2.1. Materials and Methods
2.1.1. Materials

All chemicals and solvents used were of analytical reagent grade and used with-
out any further purification. Pyruvic acid and 2-methyl-thiosemicarbazide were
purchased from the Aldrich Chemical Company, thiocarbohydrazide was pur-
chased from Fluka and used without further purification. Both S$-benzyldithi-
ocarbazate and $-n-octyldithiocarbazate were prepared following previously re-
ported procedures [17] [18] [19] [20].

2.1.2, Methods

The IR spectra were recorded using ATR on Shimadzu FT-IR IR-Prestige21 in
the range of 4000 - 400 cm™'. The EI mass spectra were recorded on an Agilent
Mass Spectrometer 5975 C MSD (with direct probe). All the experiments were
done at the Chemical Sciences, Faculty of Science, UBD. The NMR spectra were
recorded in CDCI; or DMSO- as internal standard on a BrukerAvance, 400
MHz NMR Spectrometer carried out by the Nuclear Magnetic Resonance La-

boratory, Department of Chemistry, National University of Singapore and some
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were done in DMSO-4 by Tennessee State University, Michigan, USA. Elemen-
tal analysis for C, H and N was done by the Elemental Analysis Laboratory, De-
partment of Chemistry, National University of Singapore. The X-ray data were
collected using a Bruker AXS D8 VENTURE Single Crystal X-ray Diffractometer
at the X-ray Diffraction Laboratory, Department of Chemistry, National Univer-
sity of Singapore.

2.2. Crystal Structure Determination and Refinement

A single crystal of compound 2 and compound 3 were measured at low temper-
ature (T = 100 K) on a four circles goniometer Kappa geometry Bruker AXS D8
Venture equipped with a Photon 100 CMOS active pixel sensor detector using a
Molybdenemonochromatized (1 = 0.71073 A) X-Ray radiation. Frames were in-
tegrated with the Bruker SAINT software package using a narrow-frame algo-
rithm. Data were corrected for absorption effects using the multi-scan method
implanted in the software (SADABS). Structure was solved using direct methods
and subsequent differences Fourier maps, then refined by least squares proce-
dures on weighted F* values using the SHELXL-version 2014/6 included in
WinGx system programs for Windows. All non-hydrogen atoms were assigned
anisotropic displacement parameters. Hydrogen atoms were located on differ-
ence Fourier maps then introduced as fixed contributors with an isotropic ther-
mal parameters fixed at 20% higher than those carbons atoms they were at-
tached, except for the hydrogen atom labelled H1 attached to the nitrogen atom
N1 that was isotropically refined [21] [22] [23] [24] [25].

2.3. General Procedure for Synthesis of Schiff Bases (2-5)
from Pyruvic Acid (1)

Schiff bases were synthesized from the condensation reaction of pyruvic acid
with 2-methyl-3-thiosemicarbazide, thiocarbohydrazide, S-benzyldithiocarba-
zate and $-n-octyldithiocarbazate in absolute ethanol (but thiocarbohydrazide
was dissolved in methanol) and refluxed for 1 - 2 hours. After cooling at room
temperature overnight, the solid products obtained were filtered, washed with
cold absolute ethanol and dried in the desiccator over anhydrous silica gel. The
details of the syntheses of the Schiff bases are fully described in sections 2.4 - 2.7.
The spectral data of characterization for all four synthesized Schiff bases are
shown in Table 1.

2.4. Synthesis of Schiff Base (2) from Pyruvic Acid (1)

Pyruvic acid (0.62 g, 7.00 mmol) and thiocarbohydrazide (0.37 g, 3.50 mmol) were
dissolved in MeOH (45 mL) in a 100 mL round bottom flask. The reaction mixture
was refluxed for 2 hours to give a pale yellow colour. The volume of the reaction
mixture was reduced to half of its original volume and left to stand on the bench
overnight. After 1 week, the pale yellow product obtained was filtered, washed
with cold MeOH and dried in the vacuo over anhydrous silica gel. The product
was recrystallized from abs.ethanol to afford 2. Yield: 61%; m.pt: 182°C - 183°C.
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Table 1. Spectral data of the synthesized compounds.

Compound

Spectral Data

IR, v(cm™): 3294,3208, 3173 (N-H), 2909 (CH,), 1659 (C=0), 1519 (C=N), 1215 (C=S);

'H NMR (CDCl,, 400 M Hz, § ppm): §, = 10.3 (1H, s, -NH), 6.2 (2H, s, -NH,), 2.3 (3H, s, -CH;-C);
3C NMR (DMSO-d6, 100 M Hz, Sppm): d.= 168.4 (C=S), 148.8 (C=0), 145.2 (C=N), 16.5 (CH,);
Anal.caled. for C;HN,OS: C 30.37, H 3.82, N 35.42; Found (%) C 30.46, H 3.77,N 35.43; MS/EI,

m/z (I, %) for C,;HN,OS (m.w.: 158.19 g/mol): [M]** 158(100), [M** - CO]* 130(4), [M** - NCCH,]* 89(1).

IR, v (cm™): 3240 (N-H), 2965, 2924 (CH,), 1684 (C=0), 1483 (C=N),1255 (C=S); 'H NMR (CDCl,, 400 M Hz, § ppm):
8= 105 (1H, s, -NH), 3.9 (3H, s, -CH,-N), 2.3 (3H, s, -CH,-C); *C NMR (CDCL,, 100 M Hz, 8 ppm):
8.=172.4 (C=S), 152.8 (C=0), 148.7 (C=N), 44.9 (CH,-N)16.2 (CH,); Anal.calcd. for
CH,N,0S: C 38.20, H 4.49, N 26.73; Found (%) C 38.23, H 4.40N 26.83; MS/EL m/z (I, %)
for C;H,N,08 (m.w.: 157.19 g/mol): [M]** 157(100), [M* - CO]* 129(4), [M** - NCCH;]* 88(6), [M** - CH,]* 73(14).

IR, v(cm™): 3304 (O-H), 3244 (N-H), 3072 - 2939 (CH,), 1755 (C=0), 1605 (C=N), 1067 (C=S);

'H NMR (DMSO-d6, 400 M Hz, § ppm): J;, = 13.5 (1H, s, -OH), 12.5 (1H, s, -NH), 7.4 - 7.3 (5H, m, aromatic C-H),
4.4 (2H, s, S-CH,-), 2.1 (3H, s, CH,-C=N-); *C NMR (DMSO-d6, 100 M Hz, 6 ppm): 8= 201.4 (C=S), 165.9 (-COOH),
144.5 (C=N), 136.9 - 127.7 (aromatic ring carbon), 38.5 (S-CH,-), 20.7 (CH;-C=N-); Anal.calcd. for C;;H,,N,0,S,:

C 49.23, H 4.51, N 10.44; Found (%) C 49.21, H 4.33, N 10.54; MS/EIL m/z (I, %) for C;,H,,N,0,S, (m.w.: 268.36 g/mol):
[M]* 268(1), [M*™ - COOH]* 223(14), [M** - CH;C=NNHCS]* 124(15), [M** - S]* 91(100).

IR, v(cm™): 3323 (O-H), 3248 (N-H), 2947 - 2853 (CH,), 1755 (C=0), 1612 (C=N), 1069 (C=S);
'H NMR (DMSO-d6, 400 M Hz, § ppm): 8, = 13.5 (1H, s, -OH), 12.4 (1H, s, -NH), 3.2 (2H, s, S-CH,-),

2.0 (3H, s, CH,-C=N-), 1.3 - 1.5 (12H, m, -CH,-), 0.8 (3H, t, -CH,); *C NMR (DMSO-d6, 100 M Hz, 8 ppm):
8= 202.3 (C=S), 166.1 (-COOH), 144.3 (C=N), 31.6 (S-CH,-), 28.9-28.3 (-CH,-), 22.5 (CH,-C=N-), 14.4 (-CH,);
Anal.caled. forC,,H,,N,0,5,: C 49.62, H 7.63, N 9.64; Found (%) C 49.54, H 7.47, N 9.86; MS/EL m/z (I, %)
for C,H,,N,0,S, (m.w.: 290.45 g/mol): [M]** 290(1), [M** - COOH]"* 245(23), [M** - S-C¢H,,]* 146(15).

2.5. Synthesis of Schiff Base (3) from Pyruvic Acid (1)

Pyruvic acid (0.44 g, 5.00 mmol) and 2-methyl-3-thiosemicarbazide (0.52 g, 5.00
mmol) were dissolved in abs. EtOH (30 mL) and 4A molecular sieves (0.50 2)
were added and refluxed for 1 hour on a steam bath to give a yellow reaction
mixture. The reaction mixture was then left to stand on the bench overnight.
Yellow needle crystals obtained were filtered and washed with cold EtOH and
dried in the desiccator over anhydrous silica gel to give 3. The product was re-
crystallized from abs. EtOH to afford a crystalline product.Yield: 26%; m.pt:
160°C - 162°C.

2.6. Synthesis of Schiff Base (4) from Pyruvic Acid (1)

Pyruvic acid (0.26 g, 3.00 mmol) and S$benzyldithiocarbazate (0.59 g, 3.00
mmol) were dissolved in abs. EtOH (15 mL) in a round bottomed flask and 2-3
drops of glacial acetic acid added. The mixture was refluxed for 30 minutes to
give a bright yellow colour. The reaction mixture was left to stand on the bench
overnight. The yellow solids obtained were filtered, washed with cold EtOH and
dried in a desiccator over anhydrous silica gel. Yield: 51%; m.pt: 169°C - 170°C.

2.7. Synthesis of Schiff Base (5) from Pyruvic Acid (1)

Pyruvic acid (0.26 g, 3.00 mmol) and S$-n-octyldithiocarbazate (0.66 g, 3.00
mmol) were dissolved in abs. EtOH (40 mL) in a round bottomed flask and 2 - 3
drops of glacial acetic acid were added and refluxed for 2 hours to give a bright
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yellow reaction mixture. The mixture was then left to stand on the bench over-
night. After 13 days, the yellow solids formed were filtered, washed with cold
EtOH and dried in a desiccator over anhydrous silica gel. The product was re-
crystallized from acetonitrile to give yellow solids. Yield: 63%; m.pt: 130°C -
132°C.

3. Results and Discussion

3.1. Spectral Studies

The synthetic pathways and physical properties of the four Schiff bases from
pyruvic acid are shown in Scheme 1 and Table 2 respectively. The identification

Table 2. Physical properties of the Schiff bases.

Empirical ~ Molecular Elemental Analysis Found/Calculated.

Compound  Appearance

Formula weight %C %H %N
Pale yellow
2 C,HN,0S 158.18 30.46 (30.37) 3.77 (3.82) 35.43 (35.42)
crystals
3 Yellow crystals  C;H,N;0S 157.19 38.23 (38.20) 4.40 (4.49) 26.83 (26.73)
4 Yellow solid  C,H;,N,0,S, 268.36  49.25 (49.23) 4.35 (4.51) 10.56 (10.44)
5 Yellow solid  C,H,,N,0,S, 290.45  49.54 (49.62) 7.47 (7.63)  9.86 (9.64)
S
e
~N
l\ll /\NH
NaL R
O
CHy
3
Yield = 26%
s
EtOH, 4? molecular
sieves HZN\N)I\NH2
S CH,
/H\ NH i
HN N/ 2 S O O HZN\ Jk O S
HoN J\ _NH, NH 7S
| SNHONH N |
N
X0 HO 1 CH HO Z SNH s
MeOH EtOH, 2-3 drops CH,COOH
CHg CHy 4
con 23 S Yield = 51%
P , 2- rops oo
Yield = 61% CH,COOH Hr\IJJJ\s/ s
NH,
(0] S
N H CgH17
HO ZONH s
CHy °
Yield = 63%

Scheme 1. The synthetic pathways of Schiff bases from compound 1 with different amines containing N and S donor atoms.
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of all the synthesized Schiff bases were confirmed by infrared, elemental analysis,
'H &"“C NMR, mass spectrometry and two Schiff bases were further analyzed by
X-ray crystallographic structure analysis. The results of elemental analysis for all
compounds presented in Table 2 are in good agreement with the calculated val-
ues.

Schiff base 2 was synthesized from pyruvic acid and thiocarbohydrazide. This
compound was first reported by Dornow, A. et al. [26] and the crystal and mo-
lecular structure of 2 was reported by Ghassemzadeh, M. et al [27], who re-
ported that compound 2 consists of planar C,N-heterocycles connected by hy-
drogen bridges (Z = 2, R, = 0.0441). The cyclic structure of compound 2 was
obtained instead of a linear structure presumably due to several stages involved
during the process of ring formation. It is probable that the first stage of the
reaction involves the formation of imine from the condensation of the keto
group and the primary amine of the thiocarbohydrazide (and not the carboxyl
group of pyruvic acid). The next stage involves the attack of the amide nitrogen
atom of thiocarbohydrazide on the electron deficient carbonyl carbon atom of
carboxyl group of pyruvic acid moiety and followed by closure of the ring with
loss of water to yield the target molecule as shown in Scheme 2 [15] [16] [28].
The process of cyclization of compound 3 is also similar to compound 2 except
the amine involved in this process is 2-methyl-3-thiosemicarbazide. Similarly,
the infrared spectra of compounds 2 and 3 also have a missing OH stretching

band confirming the cyclization process had taken place.

(0] S

o / S L
N NH
MeOH, reflux 2

+ H2N\ L /NH2 S Ho /\NH N/
NH NH
Ha
CH, H

-H,0
HO C
Pyruvic acid Thiocarbohydrazide

-H,0

S
NH,
S

X

Z—Z

CH,
Compound 2 (Yield = 61%)

Scheme 2. The formation compound 2 and elimination of water molecule as a by-product.
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HO

Pyruvic acid

CHj

S o) S
O
HoN EtOH, 4A molecular
\ sieves N
+ N NH2 = o = \T NHo
CHj

3.1.1. Schiff Bases 2 and 3

The amine NH stretching bands were recorded at 3294-3173 cm™' and the azo-
methine (C=N) band was observed at 1519 cm™'. The >CH functional group can
be found in the region of 2909 cm™ and the band at 1659 cm™ belongs to the
amide C=0 functional group. The 'H NMR spectrum of Schiff base 2 indicated
that the most deshielded peak was at 10.3 ppm singlet caused by a secondary
amine (>NH) then followed by a singlet peak of the primary amine (NH,) at 6.2
ppm and 2.3 ppm singlet peak of a methyl group (CH,) respectively. The "*C
NMR spectrum of compound 2 is almost similar to compound 3 whereby the
most deshielded peak was a thioamide C=S at 168.4 ppm, amide C=0 at 148.8
ppm, azomethine C=N at 145.2 ppm and the methyl group at 16.5 ppm respec-
tively. The EI-MS spectrum of compound 2 showed that the molecular ion at
m/z158 (M"") as the base peak.

Compound 3, on the other hand is a cyclic Schiff base condensed from pyruv-
ic acid and 2-methyl-3-thiosemicarbazide. This compound was first reported by
Ruiz, ]. et al but the crystal structure has not been reported yet [29]. The cyclic
structure was obtained instead of a linear structure also presumably due to the
formation of imine from the condensation of the keto group and the primary
amine of the 2-methyl-3-thiosemicarbazide in a similar mechanism as described
for compound 2. The final step was the elimination of water molecule of carbox-
yl group moiety and the target molecule was achieved as shown in Scheme 3
[15] [16] [28].

The IR spectrum of compound 3 indicated that only one band of amine group

at 3240 cm™" was observed due to that the secondary amine (>NH) present and

reflux, -H,0O

CH3 CHj

2-methyl-3-thiosemicarbazide

-H,0

S

NH

Compound 3 (Yield = 26%)

Scheme 3. The formation of compound 3 and water as by-product.
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not the primary amine as observed at 1483 cm™ due to the formation of azome-
thine (C=N). The >CH functional group can be found in the region of 2965 -
2924 cm™! and the band at 1684 cm™ can be attributed to the amide (C=0) func-
tional group. The "H NMR spectrum of Schiff base 3 showed a singlet peak at
10.5 ppm as the most deshielded peak due to a secondary amine (>NH), fol-
lowed by a singlet peak 3.9 ppm belonging to the methyl group attached to a ni-
trogen atom and 2.3 ppm singlet peak of the methyl group attached to a carbon
atom. In the "C NMR spectrum, the chemical shift order can be arranged as
from the most deshielded: C=S 172.4 ppm, >C=0 152.8 ppm, >C=N 148.7 ppm
and methyl groups at 44.9 ppm and 16.2 ppm respectively. This is an unusual
case of a carbonyl C=0 having lower chemical shift than a thioamide C=S. This
is because the carbonyl group in this compound is an amide C=0, and not a ke-
tone or an aldehyde. An amide C=O has lower chemical shift than the men-
tioned carbonyls but a thioamide C=S has higher chemical shift than an amide
[30] [31]. The EI-MS spectrum of compound 3 confirmed that the molecular ion
appeared at m/z 157 (M™) as a base peak.

3.1.2. Schiff Bases 4 and 5

Compound 4 is a linear Schiff base andwas synthesized from the condensation of
pyruvic acid and S-benzyldithiocarbazate. The IR spectrum showed that OH
band was present at 3304 cm™’, a secondary NH band at 3244 cm™', =CH band at
the region of 3072 cm™ to confirm the presence of a benzyl ring. On the other
hand, the acid (C=0) functional group was observed at 1755 cm™' and the azo-
methine (C=N) at 1605 cm™". "H NMR spectrum of Schiff base 4 indicated that
the most deshielded peak was observed at 13.5 ppm singlet caused by an -OH
group of carboxylic acid (-COOH) then followed by 12.5 ppm singlet of -NH
group, then multiplet peaks of aromatic proton =CH from 7.4 - 7.3 ppm and a
singlet peak of S-CH,- was observed at 4.4 ppm then followed the least de-
shielded peak of CH,;-C=N- at 2.1 ppm. The *C NMR spectrum of compound 4
showed that the most deshielded peak was a thione C=S at 201.4 ppm, followed
by 165.9 ppm of carboxylic acid -COOH, 144.5 ppm of azomethine C=N, aro-
matic carbon at 136.9-127.7 ppm, then at 38.5 ppm was assigned to S-CH,- and
lastly the least deshielded peak at 20.7 ppm was assigned to CH;-C=N-. The
EI-MS spectrum of compound 4 confirmed that the molecular ion appeared at
m/z268 (M™) and thetropylium ion was observed as a base peak at m/z91.

For compound 5, the OH functional group was found at 3323 cm™, the sec-
ondary NH functional group was observed at 3248 cm™, the CH stretching
bands were found in the region of 2947 - 2853 cm™ for the long chain of alkyl
group in the compound, whilst the acid (C=0) stretching band was recorded at
1755 cm™' and azomethine (C=N) band was found at 1612 cm™'. '"H NMR spec-
trum of Schiff base 5 reported that the most deshielded peak was found at 13.5
ppm singlet caused by an ~-OH group of carboxylic acid (-COOH), then 12.4
ppm of singlet peak of -NH group, followed by a singlet peak of S-CH,- at 3.2
ppm and followed by a methyl group of CH,;-C=N- at 2.0 ppm, then a long chain
of methylene —CH,- was observed at 1.5 - 1.3 ppm and lastly the least deshielded
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peak at 0.8 ppm was assigned to the terminal ~CH, of the octyl chain. The "*C
NMR spectrum of compound 5 reported that the most deshielded peak was ob-
served at 202.3 ppm of thione C=S, at 166.1 ppm was caused by a C=0 of car-
boxylic group (-COOH), 144.3 ppm azomethine C=N, 31.6 ppm S-CH,-, long
chain of methylene —~CH,- of octyl group was observed at 28.9-28.3 ppm, methyl
group of CH;-C=N- at 22.5 ppm and lastly terminal -CH, at 14.4 ppm was re-
ported as the most shielded. The molecular ion peak of the compound was ob-
served at m/z290 (M**) in the EI-MS spectrum.

Both Schiff bases 4 and 5 have the thioamide functional group (-NH-C(=S))
in their backbones and therefore, thione-thioltautomerism is expected. The ab-
sence of any vS-H band at ca. 2570 cm™ in their IR spectra is also strong evi-
dence that they remain in their thionetautomeric forms and also no —SH proton
was observed in the 'H NMR. This proved that these compounds exist as thione
form in DMSO-4 as shown in Scheme 4 [32].

3.2. X-Ray Crystallography

The X-ray crystallographic images of compounds 2 and 3 are depicted in Figure
1 and Figure 2, and the selected bond lengths and bond angles of compounds 2
and 3 are recorded in Table 3 and Table 4 respectively. The precise crystal data

for compounds 2 and 3 are reported in Table 5.

Table 3. Selected bond lengths (A) and bond angles (°) for compound 2.

Bond Bond Length (&) Bond Bond Angle ()
C(1)-8(1) 1.655 (2) N(1)-C(1)-N(3) 113.63 (18)
C(1)-N(3) 1.386 (2) N(2)-C(2)-C(3) 122.43 (18)
N(1)-N(2) 1.352 (2) N(1)-C(1)-S(1) 122.65 (15)
C(3)-N(3) 1.373 (2) N(2)-C(2)-C(4) 119.6 (2)
C(2)-C(3) 1.448 (3) N(3)-C(1)-8(1) 123.73 (16)
C(2)-N(2) 1.298 (3) 0(1)-C(3)-N(3) 120.6 (2)
C(3)-0(1) 1.231 (2) 0(1)-C(3)-C(2) 123.62 (18)

Table 4. Selected bond lengths (A) and bond angles (°) for compound 3.

Bond Bond Length (&) Bond Bond Angle (*)
S(1)-C(1) 1.666(2) C(1)-N(3)-N(2) 124.44 (17)
N(3)-C(1) 1.353(2) N(2)-N(3)-C(4) 113.52 (15)
N(2)-N(3) 1.377(2) C(1)-N(1)-C(2) 126.13 (16)
N(3)-C(4) 1.461(3) N(3)-C(1)-8(1) 124.09 (16)
C(3)-C(5) 1.492(3) N(1)-C(1)-S(1) 121.34 (14)
N(2)-C(3) 1.289(3) 0(1)-C(2)-N(1) 121.92 (19)
0(1)-C(2) 1.223(3) 0(1)-C(2)-C(3) 124.9 (2)
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Scheme 4. The thione and thiol tautomeric forms of the Schiff bases 4 and 5.
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Figure 1. A general view and atom labelling of X-ray structure of compound 2.
s1
H4% c1
H4 CQ ca
w3 |
N2
Figure 2. A general view and atom labelling of X-ray structure of compound 3.
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Table 5. Precise crystal data for compounds 2 and 3.

Compound
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume
Z
Density (calculated)
Absorption coefficient
F(000)
Crystal size
Theta range for data collection
Index ranges
Reflections collected
Independent reflections
Completeness to theta = 25.242°
Refinement method
Data/restraints/parameters
Goodness-of-fit on F?
Final R indices [I > 2sigma(I)]
R indices (all data)

Largest diff. peak and hole

2 3
C,HN,08 C,H,N,08
158.19 157.20
200(2) K 100(2) K
0.71073 A 0.71073 A
Triclinic Orthorhombic
P-1 Pna2(l)
a=4.1777(8) A, a=5.5992(2) A
b=5.9538(11) A b=11.3962(5) A
c=13.458(3) A c=10.6473(5) A
a=92.759(6)° a=92.759(6)°
B=90.813(6)° B=90.813(6)°
y=100.040(6)" y=100.040(6)"
329.15(11) A3 679.40(5) A?
2 4
1.596 Mg/m’ 1.537 Mg/m’
0.421 mm™ 0.403 mm™!
164 328
0.218 x 0.214 x 0.075 mm® 0.218 x 0.174 x 0.085 mm®
3.032 to 28.277° 2.618 t0 30.513°
—5<=h<=5-6<=k<=7,-17<=1<=17 —-8<=h<=6,-16<=k<=16,-11<=1<=15
4777 7595
1561 [R(int) = 0.0410] 1757 [R(int) = 0.0319]
95.0% 100.0%
Full-matrix least-squares on F? Full-matrix least-squares on F?
1561/0/102 1757/1/95
1.017 1.062
R1 = 0.0439, wR2 = 0.0917 R1 = 0.0285, wR2 = 0.0676
RI = 0.0774, wR2 = 0.1019 RI = 0.0325, wR2 = 0.0697
0.323 and -0.236 e.A™ 0.341 and -0.195 e. A=

Compound 2 was condensed from pyruvic acid with thiocarbohydrazide in
methanol and the product was recrystalized in absolute ethanol to afford pale
yellow crystals and further analyzed by X-ray crystallographic structure analysis.
Compound 2 crystallizes in the triclinic space group P-1, R, = 0.0439 and the
six-membered ring framework is depicted in Figure 1. The delocalization of
n-electrons is obvious from the bond lengths viz. C1-N3 as 1.386(2) A which is
similar to the literature value of 1.381(3) A and C2-N2 as 1.298 (3) A, also simi-
lar to the reported value of 1.294(4) A [27]. In addition, the bond lengths for S1-
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Cl1 is 1.655(2) A and O1-C3 is 1.231 (2)A that shows a high double bond cha-
racter similar to the literature value respectively at 1.654(3) A and 1.236(3) A
[27].

The condensation process between pyruvic acid and 2-methyl-3-thiosemi-
carbazide in absolute ethanol produced Schiff base 3. The product was recrysta-
lized in absolute ethanol to afford yellow rod-like crystals and was further inves-
tigated by single X-ray diffraction. Compound 3 crystallizes in the orthorhombic
space group P n a 2(1), R, = 0.0285 and the six-membered ring framework is de-
picted in Figure 2. The delocalization of m-electrons is obvious from the bond
lengths viz. C1-N3 as 1.353(2) A and C3-N2 as 1.289 (3) A which are very simi-
lar to the values for compound 2. In addition, the bond lengths for S1-Cl1 is
1.666(2) A which is also similar with compound 2 but the O1-C2 is 1.223 (3) A

which was found to be slightly lower than the value for compound 2.

4. Conclusion

Four Schiff bases of pyruvic acid of which two are new compounds were suc-
cessfully synthesized and characterized by a variety of physico-chemical tech-
niques. From the results obtained, the condensation of pyruvic acid with S-al-
kyldithiocarbazate reacted to give compounds 4 and 5 as linear Schiff bases,
whilst compounds 2 and 3 were found to be cyclic Schiff bases obtained from the
condensation of pyruvic acid with thiocarbohydrazide and 2-methyl-3-thiose-
micarbazide respectively. X-ray crystallographic structure analysis of com-
pounds 2 and 3 further confirmed the cyclic nature of the Schiff bases and the

structural aspects were discussed.
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Appendix A: Supplementary Data

CCDC No: 1,523,333 and 1,523,329 contain the supplementary crystallographic
data for compounds 2 and 3 respectively. These data can be obtained free of
charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html, or from the Cam-
bridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK;
fax: (+44)-1223-336-033; or e-mail: deposit@ccdc.cam.ac.uk.
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