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ABSTRACT

Five novel pyrazolone derivatives containing a furoyl group, 1-phenyl-3-furoyl-4-(4-chlorobenzal)-
5-pyrazolone thiosemicarbazone (PF4CIBP-TSC) (1)/methylthiosemicarbazone (PF4CIBP-MTSC) (2)/
ethylthiosemicarbazone (PF4CIBP-ETSC) (3), 1-phenyl-3-furoyl-4-(2-chlorobenzal)/(3-chlorobenzal)-5-
pyrazolone methylthiosemicarbazone (PF2CIBP-MTSC) (4)/(PF3CIBP-MTSC) (5), have been synthesized
and characterized by elemental analysis, IR, 'H NMR spectra, and the molecular structures of 2 and 5
were determined by X-ray single crystal diffraction. Photoisomerization properties have been studied
by UV-vis and fluorescence spectra. Based on theoretical calculation and crystal structural analysis, the
compounds undergo photoisomerization from the enol form to the keto form through an intermolecu-
lar proton transfer upon UV light irradiation. Moreover, the photoisomerization rate decreases with the
increase of volume of substituent groups on 4-position of thiosemicarbazide and the steric hindrance of
Cl atom on benzal of 4-positon on the pyrazolone ring.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Organic photochromic compounds have attracted considerable
interest due to their promising applications in many fields, such
as high-density optical storage media [1-3], molecular switches
[4-8], information processors [9,10] and molecular sensors [11,12].
Considerable work on spiropyrans [13,14], spiroxazine [15-18],
dithienylethenes [19,20], fulgides [21], and Schiff bases [22-25]
have been extensively reported, but little work have been done
on photochromism in solid state [26-28]. Most of organic pho-
tochromic compounds can only show photochromic properties in
solution, however, these limit their application in solid state, such
as ophthalmic plastic lenses, optical disks and digital versatile
disks [29-31]. Recently, pyrazolones and their derivatives play
important roles in many fields, especially biology, catalysis, cor-
rosion inhibitors and medicine etc. [32-36]. Furthermore, 4-acyl
pyrazolone derivatives have a potential to form tautomeric effect
between the enol form and the keto form. So the molecular design
and synthesis of novel pyrazolone derivatives is still an active
research area. Many thiosemicarbazones derived from 4-acyl
pyrazolones with photoisomerization properties have been sys-
temically studied in our laboratory [37-41], but the majority show
irreversible photoisomerization behaviors, thus many efforts have
been dedicated to design the structures by changing the substitute
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groups on the 3- or 4-position on the pyrazolone ring and using
other thiosemicarbazide derivatives. Previous works are focused
on 1-phenyl-3-methyl or 1,3-diphenyl-4-acyl-5-pyrazolone
thiosemicarbazone derivatives. For example, 1,3-diphenyl-4-
(2-chlorobenzal)-5-hydroxypyrazole = methylthiosemicarbazone
[40], 1-phenyl-3-methyl-4-(2-fluorobenzal)-5-hydroxypyrazole
methylthiosemicarbazone/ethylthiosemicarbazone [41], show a
reversible photoisomerization. But these compounds display slow
response to UV and visible light or incomplete reversibility. So
their derivatives need to be further developed by the structural
modification in order to improve the photochromic properties and
establish the relation between structures and properties.

In this paper, five novel compounds, 1-phenyl-3-furoyl-4-(4-
chlorobenzal)-5-pyrazolone thiosemicarbazone (1)/methylth-
iosemicarbazone (2)/ethylthiosemicarbazone (3), 1-phenyl-
3-furoyl-4-(2-chlorobenzal)/(3-chlorobenzal)-5-pyrazolone met-
hylthiosemicarbazone (4)/(5), are synthesized by the incorporation
of the furoyl group on 3-position of pyrazolone. They are charac-
terized by elemental analysis, IR, TH NMR spectra. With the aim of
gaining a deeper insight into the photoisomerization mechanism,
crystallographic structure analysis and theoretical calculation of
the compounds have been carried out. The results show that the
five compounds undergo photoisomerization from the enol form to
the keto form through an intermolecular proton transfer upon UV
light irradiation. In addition, the effects of volume of substituent
groups on 4-position of thiosemicarbazide and the position of Cl
atom on benzal on 4-position of pyrazolone ring on structures
and photoisomerization properties of compounds were discussed
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in detail. These results will increase the knowledge to design
and synthesize novel pyrazolone derivatives with photochromic
properties in solid state.

2. Experimental
2.1. Measurements

Melting point was measured with a TECH X-6 melting point
apparatus without correction. The C, H, and N elemental analysis
was determined on a FLASHEA 1112 elemental analyzer. The FT-
IR spectra were recorded on a BRUKER EQUINOX-55 Spectrometer
as KBr disk. "H NMR spectra were carried at ambient tempera-
ture on an INOVA-400 NMR Spectrometer in DMSO-dg. The UV-vis
spectra of powders were measured using a Hitachi U-3010 spec-
trophotometer equipped with an integrating sphere accessory [36].
365 nm excitation light (1579 mW/cm? on the sample) were down
with a ZF-8 Ultraviolet Analysis Instrument, the reflective filter size
is 200 x 80 mm, the distance between the sample and light source
was 15 cm. Fluorescence spectra of powders were measured on a
Hitachi F-4500 spectrophotometer with a front face experiment,
and the breadths of excitation and emission slits were both 2.5 nm.

2.2. Materials

4-Methylthiosemicarbazide and 4-ethylthiosemicarbazide
were purchased from the Aldrich Company, USA. 1-Phenyl-3-
furoyl-5-pyrazolone (PFP) [42], 1-phenyl-3-furoyl-4-(4-chloro-
benzal)-5-pyrazolone (PFACIBP), 1-phenyl-3-furoyl-4-(2-chloro-
benzal)-5-pyrazolone (PF2CIBP), and 1-phenyl-3-furoyl-4-(3-
chlorobenzal)-5-pyrazolone (PF3CIBP) [43] were synthesized
according to the literature. All other reagents were AR grade and

NH

UV light
R; -—

R;

I ( keto form)

b o ~
R.

II (intermidate state)

purchased from commercial suppliers, and used without further
purification.

2.3. Synthesis of compound 1

1-Phenyl-3-furoyl-4-(4-chlorobenzal)-5-pyrazolone thiosemi-
carbazone was synthesized by refluxing of PF4CIBP (5 mmol) and
thiosemicarbazide (5 mmol) in 15 ml of ethanol in the presence of
glacial acetic acid (1 ml) at 80°C for 4h under magnetic stirring.
Then the resulting mixture was cooled to room temperature in the
dark and filtered, white powders 1 were obtained. Yield: 65.5%,
m.p. 199.4-200.7 °C. Elemental analysis results for C;1H15N5SO,Cl:
found (%) C, 57.10; H, 3.67; N, 15.81; calcd. (%) C, 57.60; H, 3.68;
N, 15.99. IR (v cm™1): (white) 3429 U(NH), 3332, 3281 v(NH),
3122 v(furoyl), 3064-2000 v(OH), 1612 v(C=N), 1581-1501 U(Ph-
ring), 1413, 1374 v(Pz-ring), 1302 v(C=S). 'H NMR (DMSO-d6) (§):
9.728 (1H, NH), 8.301 (1H, NH), 8.479 (1H, NH), 6.321-7.876 (12H,
phenyl + furoyl), 3.453(1H, CH).

2.4. Synthesis of compounds 2-5

According to the synthetic method of 1, compounds 2-5 were
prepared. The synthesis routine and the photoisomerization pro-
cess of five compounds are presented in Scheme 1. For yellowish
powders 2, yield: 84.5%, m.p. 227.3-229.1 °C. Elemental analysis
results for Co3H1gN5SO,Cl: found (%) C, 57.94; H, 3.98; N, 15.52;
caled. (%) C,58.47; H,4.01; N, 15.50. IR (vem~1): 3361, 3344 U(NH),
3114 v(furoyl),3051-2215 v(OH), 1622 V(C=N), 1589-1501 vU(Ph-
ring), 1417, 1375 v(Pz-ring), 1305 U(C=S). '"H NMR (DMSO-d6) (§):
9.756 (1H, NH), 8.795 (1H, NH), 6.328-7.873 (12H, phenyl + furoyl),
3.380 (1H, CH), 3.058-3.069 (3H, CH3).

Reflux
Rz
R,

[ (enol form)

R;

R=H R,=H R=Cl RSl 1
R=H Ri=H Ry=Cl R=CH, 2
R=H Ri=H R=Cl R=CH,CH, 3
R=C1 R=H R,=H R&=CH, 4
R=H R,=C1 Ry=H R~CH, 5

Scheme 1. Synthetic route and photoisomerization process of compounds.
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For compound 3, yield: 81.0%, m.p. 214.8-215.3 °C. Elemental
analysis results for C,3H9N5S0,Cl: found (%) C, 58.84; H, 4.30; N,
15.03; caled. (%) C, 59.29; H, 4.33; N, 15.03. IR (v cm~1): 3331,
3311 v(NH), 3121 vu(furoyl), 3069-2000 U(OH), 1619 U(C=N),
1579-1500 v(Ph-ring), 1400, 1373 U(Pz-ring), 1308 U(C=S). 'H
NMR (DMSO-d6) (8): 9.652 (1H, NH), 8.845 (1H, NH), 6.334-7.874
(12H, phenyl+furoyl), 3.618-3.650 (3H, CH, +CH), 1.159-1.195
(3H, CH3).

For compound 4, yield: 64.1%, m.p. 195.2-196.4 °C. Elemental
analysis results for C;;H1gN5SO,Cl: found (%) C, 58.28; H, 4.12; N,
15.46; calcd. (%) C,58.47; H,4.01; N, 15.50. IR (vem~1): 3351 U(NH),
3116 v(furoyl), 3054-2347 v(OH), 1644 U(C=N), 1594-1495 U(Ph-
ring), 1432, 1397 v(Pz-ring), 1306 V(C=S). 'H NMR (DMSO-d6) (§):
9.746 (1H, NH), 8.402 (1H, NH), 6.130-7.942 (12H, phenyl + furoyl),
2.921-3.038 (4H, CH + CH3).

For compound 5, yield: 76.8%, m.p. 214.8-216.4°C. Elemental
analysis results for Co;H1gN5SO,Cl: found (%) C, 58.27; H, 3.81; N,
15.31; caled. (%) C, 58.47; H, 4.01; N, 15.50. IR (v cm~1): 3351,
3331 v(NH), 3123 vu(furoyl), 3072-2000 v(OH), 1520 U(C=N),
1537-1480 u(Ph-ring), 1416, 1373 v(Pz-ring), 1307 v(C=S). 'H
NMR (DMSO-d6) (8): 9.849 (1H, NH), 8.813 (1H, NH), 6.324-8.015
(12H, phenyl + furoyl), 3.070-3.082 (4H, CH + CH3).
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2.5. X-ray crystallography

The X-ray diffraction data of compounds 2 and 5 were collected
by the w-scan mode using a graphite monochromatized MoKa
radiation(A = 0.71073 A) on an imaging plate system (Rigaku R-AXIS
SPIDER) at 296 K. Crystal structures were solved by direct methods
and refined on F? using the full-matrix least-squares method. All
non-H atoms were refined anisotropically. H atoms on nitrogen
atoms are located from Fourier maps, and all of the other H atoms
were placed in geometrically idealized position. All calculations and
drawings were carried out using the SHELXTL-97 crystallographic
software package [44].

3. Results and discussion

3.1. Photoisomerization properties in solid state and kinetics of
the reaction

The UV spectra of five compounds in solid state at room tem-
perature for different irradiation time intervals are recorded and
shown in Fig. 1. It can be observed that new bands appear between
370 and 480 nm for 1, 390 and 460 nm for 2, 390 and 460 nm for 3,

0.4
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Fig. 1. UV spectra of five powders in the solid state with increasing irradiation times at room temperature. (1) Each irradiation time (min) for 1 is 0, 5, 15, 20, 25, 35, 45, 75,
105, 165. (2) Each irradiation time (min) for 2 is 0, 10, 20, 30, 50, 70, 110, 160, 200, 260, 330. (3) Each irradiation time (min) for 3 is 0, 30, 90, 150, 210, 290, 370, 450, 515,
650. (4) Each irradiation time (min) for 4 is 0, 10, 30, 60, 80, 100, 120, 140, 160, 180, 200, 220, 240, 280, 370, 500. (5) Each irradiation time (min) for 5 is 0, 30, 60, 100, 160,

220, 280, 330, 390, 420, 500.
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410 and 480 nm for 4, and 390 and 460 nm for 5 upon the irradia-
tion of 365 nm light, and their intensities the increase of irradiation
time. Subsequently, the white powders (I) changed to yellow (III)
(Scheme 1). The results indicate that the photoisomerization from
the enol form to the keto form occurs in solid state during the irra-
diation. No mater they are heated or irradiated by visible light or
placed in the dark, the photogenerated yellow forms cannot return
to the original forms, which indicate that the colored forms are
very stable and the photoisomerization of five compounds is irre-
versible.

According to the literature [45], the kinetic rate constant can be
determined from the plot of In[(Ax — Ag)/(Axc — At)] against time (t).
From Fig. 2, it can be observed that the enol-to-keto isomerization
reaction of five compounds follow the pseudo-first-order kinetics
and the rate constants were obtained from the slope. Obviously,
the order of the photoisomerization rate of compounds 1, 2 and
3 is k1 >k, > k3, which indicates that the photoisomerization rate
decreases with the increase of volume of substituent groups on 4-
position of thiosemicarbazide due to the larger steric hindrance.
Compared with the photoisomerization rate constants of 4 and 5,
the photoisomerization rate of compound 2 is much faster than that
of compounds 4 and 5, which is due to the steric hindrance of Cl
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Fig. 2. First-order kinetic plot of photoisomerization reaction.

atom on the 4-position of the benzal is smaller than that of Cl on
the 3-, 2-position of the phenyl group.

For the analogue compound 1,3-diphenyl-4-(2-chlorobenzal)-
5-hydroxypyrazole 4-methylthiosemicarbazone, the kinetic con-
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Fig. 3. Fluorescent emission spectra of five compounds under the irradiation of 365 nm UV light at room temperature (excited at 300 nm). (1) Each irradiation time (min)
for 1is 0, 0.5, 1, 3, 6, 12, 24, 51. (2) Each irradiation time (min) for 2 is 0, 2, 6, 12, 21, 30, 39, 48. (3) Each irradiation time (min) for 3 is 0, 1, 6, 12, 18, 27, 36, 42. (4) Each
irradiation time (min) for 4is 0, 0.5, 1, 2, 5, 11, 21, 31, 41, 56, 76, 96. (5) Each irradiation time (min) for 5is 0, 3,9, 15, 21, 27, 36, 45, 51.
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Table 1

Absorption bands, kinetics constants and fluorescence maximum spectra of compounds.

Compounds Absorption bands (nm) Kinetics constants Fluorescence maximum spectra
1 370-480 3.69x104s! 415nm, 474 nm

2 390-460 1.28 x 104571 425nm, 474nm

3 390-460 41x10°s7! 427 nm, 474 nm

4 410-480 8.02x 103! 448 nm

5 390-460 917 x10°s7! 417 nm, 516 nm

stant of the photoisomerization is 1.72 x 107> s~ !, which is smaller
than that of the compound 4. The result shows that the photoiso-
merization rate of the compound 4 increases due to the electron
withdrawing property of the O atom, when the furoyl group on
3-position of pyrazolone instead of the phenyl group.

The fluorescent emission spectra of five compounds irradiated
by 365nm UV light at different times at room temperature are
shown in Fig. 3. It can be seen that there are two bands in the flu-
orescent emission spectra of 1, 2 and 3, which appear at 415 nm
and 474 nm for 1, 425nm and 474 nm for 2, 427 nm and 474 nm
for 3, respectively (Table 1), their intensity gradually decreased
with the irradiation of 365 nm light. Furthermore, the second bands
of three compounds lie in the same position, but the first bands
have the red-shift phenomenon with the increase of volume of
substituent groups on 4-position of thiosemicarbazide, which are
consistent with those of their UV absorption spectra. Compared
with the second band of 2, the fluorescent emission spectra of 4
blue shifts to 448 nm and that of 5 red shifts to 516 nm after being
excited at 300 nm, which is due to the steric hindrance of Cl atom
on the 4-position of benzal. Obviously, their intensity gradually
decreased with the irradiation of 365 nm light, and the emission
band at 415nm (1), 427 nm (3) and 417 nm (5) finally disappeared.
Subsequently, the white enol form (I) gradually changed to the yel-
low keto form (III), the dramatic color changes can be explained
by the photoinduced proton transfer from one moiety to another,
the proton transfer and configuration rearrangement of the 1 elec-
trons lead to fluorescent emission spectra changes in the solid
state, which further indicate that five compounds have photoi-

Table 2
Crystal data and structure refinement for compounds 2 and 5.

somerization behaviors. However, UV light stationary irradiation
has no influence on the absorption and fluorescence spectra of the
different compounds in solution.

3.2. Crystal structure, stability and photoisomerization
mechanism

Single crystals of compounds 2 and 5 were obtained by the slow
evaporation of their methanol at room temperature with avoid-
ing sunlight. The crystal data and structure refinement details of
compounds 2 and 5 are given in Table 2. Selected bond lengths
and bond angles are listed in Table 3. The dihedral angles (°) of
two compounds are listed in Table 4. The molecular structures of
compounds 2 and 5 are shown in Fig. 4.

From Table 2, it can be seen that compounds 2 and 5 have the
same composition, but they have the different crystal system, space
group and unit cell parameter. From Table 3, it can be found that
the two compounds have similar bond length and bond angles,
leading to similar structures as shown in Fig. 4. But obvious dif-
ference is the relative orientation of two groups (chlorophenyl and
methylthiosemicarbazide) on the 4-position of the pyrazolone ring.
From Table 4, it can be found that the dihedral angle of the pyra-
zole ring (I) and the furoyl ring(Ill) on 3-position is almost 1.4°
for 2, which indicates that the two planes are coplanar. In addition,
the dihedral angles between the chlorophenyl(IV) and the plane(V)
defined by N3,N4, N5, C21 atoms are 3.4° for 2 and 4.5° for 5, respec-
tively, which show that the side-chain groups for 2 and 5 are almost
coplanar.

Compounds 2

5

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

zZ

Calculated density
Absorption coefficient
F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected/unique
Max. and min. transmission
Refinement method
Data/restraints/parameters
Goodness-of-fit on F?

Final R indices [I>20 (I)]

R indices (all data)
Extinction coefficient
Largest diff. peak and hole

C22H]8C1N5025

451.92

153(2)K

0.71073 A

Orthorhombic

Pna2(1)

a=11.771(2) A, a=90°
b=11.916(2)A, B=90°
c=14.556(3)A, y=90°
2041.9(7)A3

4

1.470g/cm?

0321 mm™!

936

0.50 x 0.35 x 0.23 mm
3.42-27.48°
—-15<h<15,-15<k<15,-18<1<18
18605/2430 [R(iny) = 0.0237]
0.9310 and 0.8556
Full-matrix least-squares on F2
2430/4/292

1.080

R1=0.0266, wR, =0.0686
R;1=0.0270, wR; =0.0689
0.0059(8)

0.240 and —0.297 eA-3

C22H18C1N5025

451.92

153(2)K

0.71073 A

Monoclinic

P2(1)/c

a=13.0250(8) A, r=90°
b=14.4207(8)A, =104.490°
c=11.6216(6)A, y=90°
2113.4(2)A3

4

1.420 g/cm?

0.310mm-~!

936

0.35x0.14 x0.11 mm
3.06-27.48°
-16<h<16,-18<k=<18,-15<I<15
20103/4843 [R(jnr) = 0.0434]
0.9667 and 0.8993
Full-matrix least-squares on F2
4843/3/293

1.087

R1=0.0434, wR, =0.1204
R1=0.0514, wR, =0.1280
0.0063(12)

0.366 and —0.422 eA3
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Table 3
Selected bond lengths (A) and angles (°) for compounds 2 and 5.
2 5
Bond lengths
S-C(21) 1.683(2) S-C(21) 1.6811(2)
N(1)-N(2) 1.389(2) N(1)-N(2) 1.3756(2)
N(1)-C(7) 1.378(2) N(1)-C(7) 1.3845(2)
C(8)-C(9) 1.389(2) C(8)-C(9) 1.391(2)
N(1)-C(6) 1.432(2) N(1)-C(6) 1.427(2)
N(2)-C(9) 1.356(2) N(2)-C(9) 1.345(2)
N(3)-C(14) 1.286(3) N(3)-C(14) 1.290(2)
N(3)-N(4) 1.359(2) N(3)-N(4) 1.3559(2)
N(4)-C(21) 1.365(3) N(4)-C(21) 1.372(2)
N(5)-C(21) 1.324(3) N(5)-C(21) 1.323(2)
0(1)-C(7) 1.253(2) 0(1)-C(7) 1.2548(2)
Bond angles
N(2)-N(1)-C(6) 120.37(15) N(2)-N(1)-C(6) 121.64(12)
C(9)-N(2)-N(1) 107.71(14) C(9)-N(2)-N(1) 108.94(11)
C(7)-N(1)-N(2) 109.80(16) C(7)-N(1)-N(2) 108.80(12)
N(3)-C(14)-C(8) 125.65(17) N(3)-C(14)-C(8) 124.39(14)
N(1)-C(7)-C(8) 105.91(15) N(1)-C(7)-C(8) 106.34(13)
N(2)-C(9)-C(8) 109.78(16) N(2)-C(9)-C(8) 109.14(14)
N(5)-C(21)-N(4) 116.42(18) N(5)-C(21)-N(4) 115.62(15)
N(5)-C(21)-S 124.99(16) N(5)-C(21)-S 126.59(14)
N(4)-C(21)-S 118.59(15) N(4)-C(21)-S 117.79(12)

Table 4

The dihedral angles (°) of two compounds.

The mean plane deviation

Dihedral angles

1(N1,N2, C7, C8, C9)
11(C1-C6)

111 (C10-C13, 02)

IV (C15-C20)

V (N3, N4, N5, C21)

1(N1,N2, C7, C8, C9)
11 (C1-C6)

111 (C10-C13, 02)

IV (C15-C20)

V (N3, N4, N5, C21)

0.0139
0.0146
0.0036
0.01

0.0123

0.0091
0.0110
0.0009
0.0059
0.0391

47.1

1.4,46.9
65.6,34.8,66.3
67.0,33.5,36.7,3.4

32.2

8.5,27.2
76.2,83.4,73.7
70.6,79.6,67.3,7.8

Table 5

Calculated electronic energies E (in a.u.), relative electronic energies AE (in
kcalmol-'), and dipole moment . (in Debye) of compounds 2 and 5 in the gas
phase and methanol solution.

2 5
E8 1 (a.u) ~2131.715360 ~2131.711851
E®5 10 (a1 —2131.714540 —2131.714047
AEES 0.52 ~1.38

UES o 3.6912 43981

U et 5.4892 4.4993

Bl () ~2131.744713 ~2131.744199
Flero (a.1.) ~2131.752006 ~2131.751616
AE®! o0 —458 —4.66

However, the chlorophenyl and methylthiosemicarbazide will
rotate around the C8-C14 bond when the position of Cl atom
changes. As shown in Scheme 2, it is very clear that the relative
orientation of chlorophenyl and methylthiosemicarbazide with the
pyrazole ring are different due to the steric hindrance of Cl atom,
leading to the dihedral angle between the pyrazole ring(I) and the
phenyl ring(Il) on 1-position is also different.

The C7-01 bond distances are 1.253(2)A for 2 and 1.2548(2) A
for 5, respectively, which is consistent with the length of the C=0
double bond. It can be deduced that their structures belong to the
keto (III) form in Scheme 1, which is in agreement with the com-
pounds reported previously [40,41]. Actually, we only obtained the
keto form crystals from their solution. In order to further analyze
the stability of the keto and enol forms, theoretical calculations
are performed with the GAUSSIAN 03W program package [46].
The geometric parameters of the keto form are taken from the
X-ray diffraction crystal data. The calculated electronic energies
E, relative electronic energies AE, and dipole moment x of com-
pounds 2 and 5 in the gas phase and methanol solution are shown
in Table 5. Although the enol form of 2 is more stable than the
keto form in the gas phase, the keto form of 2 is the favored form
in methanol solution, as the larger dipole moment u of keto form
(5.4892 Debye for keto, 3.6912 Debye for enol) [47,48] and a small
energy gap of 0.52 kcal mol~! between the two forms. On the con-

Fig. 4. Molecular structures of compound 2 (A) and 5 (B).
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compound 2

compound 5

Scheme 2. Rotation of the chlorophenyl and methylthiosemicarbazide around the Cg-Cy4.

Fig. 5. Hydrogen bond connection diagrams of compounds 2 (A) and 5 (B).

trary, the keto form of 5 is predicted as the more stable form in the
gas phase, and the order of stability is preserved in methanol solu-
tion because of the small difference of u (48%¢n0 =4.3981 Debye,
U8y ero =4.4993 Debye). The calculated results suggest that the
keto form of 2 and 5 is the most stable isomer in methanol solu-
tion, whichisin good agreement with the experimental fact that the
single crystal structures of the compounds obtained from methanol
are the keto forms [41].

From the hydrogen bond connection diagrams (Fig. 5), it can
be seen that there is a similar hydrogen bonding configuration
in the two crystals, and they are stabilized by the intermolec-
ular hydrogen bond (N2-H.--01, 2.784A or 2.642A). Based on
the above analysis, a reasonable photoisomerization mechanism
is proposed. Under UV light irradiation, the intermolecular pro-
ton transfers from the O atom to the N2 atom by the channel of
N2-H...01, forming an intermolecular hydrogen bond N2-H. - .O1.
Thus, it results in the enol-keto photoisomerization through the
intermolecular hydrogen bond via the intermediated state (II) as
shown in Scheme 1. The photoisomerization mechanism of the
title compounds is consistent with that of 1-phenyl-3-methyl-4-(3-

chlorobenzal)-5-hydroxypyrazole methylthiosemicarbazone [37],
but is different from that of the analogous compound 1,3-diphenyl-
4-(2-chlorobenzal)-5-hydroxypyrazole methylthiosemicarbazone,
whichis not only an intramolecular proton transfer from the O atom
of the hydroxyl group to the N(4) atom of the same molecule, but
also an intermolecular proton transfer from the S atom to the N(2)
atom on pyrazole ring of the adjoining molecule [40]. These results
indicate that substituent groups on 3-, 4-position have important
effect on the structures and photochromic properties.

4. Conclusion

Five novel pyrazolone derivates containing a furoyl ring have
been synthesized. Crystal structure analysis and theoretical calcu-
lation suggest the photoisomerization is the result of isomerization
from the enol-form to the keto-form by the intermolecular proton
transfer via hydrogen bond. After the furoyl group on 3-position
of pyrazolone ring instead of the phenyl group, the photoisomer-
ization rate decreases with the increase of volume of substituent
groups on 4-position of thiosemicarbazide and the steric hindrance
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of Cl atom on benzal of 4-positon of the pyrazolone ring. These
results are useful for the design and synthesis of novel pyrazolone
derivatives with photochromic properties in solid state.
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