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ABSTRACT: An exciting isatin-thiazoline hybrid molecuhaving -C=N-N=C- linkage has
been synthesized in 88% vyield by the reaction offluéroisatin with N-(4-
fluorophenyl)hydrazinecarbothioamide followed by ndensation of the resultant isatin-
thiosemicarbazone intermediate witftthlorophenacyl bromide. The solid state self-asdgof
this hybrid molecule was studied by X-ray crystgibphic technique. A layered assembly
composed of 1D-chains with methanol molecules eswdaped between every two chains is
obtained, making a bi-chain sandwich like structdree supramolecular forces involved in the
stabilization of this structure are importantlydtine-mediated interactions (C-H-, F--S and
F-- ) along with others i.e. N-HO, O-H - O, C-H- O, Cl- ¢, C-H-- ® and=- - « interactions.
To the best of our knowledge, this is the firstrapée of solid state fluorine-mediated C-H,

F..S and F-w interactions found in a family of isatin-based gaunds.
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1. Introduction

Weaker hydrogen bonds of the C-EK-C type play an important role in the stabilizatiof
crystal structures. Hence, the C-MD, C-H-N, and C-H:-Cl hydrogen bonds have
increasingly been used in crystal engineering [[L-However, the interactions involving
“organic fluorine” i.e. C-H-F interactions have always been a controversialjestiin
contemporary research and their nature still remainscure [12-17]. According to Pauling’s
definition of the hydrogen bond, F atom should Istranger hydrogen bond acceptor than O and
N atoms due to its high electronegativity [18]. Buactically, it does not form hydrogen bonds
commensurate with electronegativity consideratiand has been considered as a very poor
acceptor in supramolecular chemistry [14]. Recerillis interaction was evaluated &l initio
calculations and found to be much more importamteafining the crystal packing than portrayed

earlier [19].

In addition to C-H- F interactions, F---X (X=Sx) interactions are the other relatively weak
interactions that have recently been recognizedrganic fluorinated molecules [20-24]. It is
now well-established that drug molecules contairing or more fluorine atoms show superior
biological properties as compared to their non+ieted analogues perhaps due to better
interactions with the receptor sites in our body][Because of its small size, fluorine is also an
ideal substituent where change in the electronopgnties of the molecules is needed without
affecting the steric environment. Furthermore,ligephilic character also plays an important
role in increasing the bioavailability of fluorireat drug molecules [26]. Therefore, more efforts
are necessary for appropriate understanding ofirtteemolecular interactions offered by the

fluorine atom.



Isatin (indole-H-2,3-dione) is undoubtedly a privileged scaffold fdhemical modification
due to its presence in a number of naturally oaegrsubstances [27,28]. Although, a number of
its derivatives have been prepared through elestiioparomatic substitution at positions C-5
and C-7 of the phenyl ring and bissubstitution, but the most important and fascimsite for
the purpose is C-3 carbonyl group due to its highactivity with various nucleophiles. It
generally undergoes nucleophilic addition or spiradation at this position, providing a broad
range of 2-oxindole derivatives of immense biolagjimportance [27,28]. Furthermore, isatin is
structurally an ideal candidate to serve as a figldriable tecton for the construction of
supramolecular assemblies due to its remarkableolggd bond donor/acceptor abilities and a
relatively large molecular dipole moment [29-31]edfing this in view, we very recently
reported the synthesis and solid state self-asseoflb-fluoroisatin-based hybrid molecule
where no intermolecular interactions were obsefeedluoro substituent in the presence of N-
H---O, C-H---0O, C-H---N, C-Hr,; n-- , C-H---Cl interactions [32]. This observation anao
continuous interest in supramolecular self-assasab[i33-39] increased our curiosity and
prompted us to introduce 4-fluoro group as a stuistito 3-methoxy on the centistaryl ring
of the rigid core of isatin-thiazoline hybritl to explore the existence of fluorine-mediated
interactions in isatin-based compouniékeasingly, the approach remained successful aminhe
we report the synthesis and methanol-encapsulayeddd assembly of isatin-thiazoline hylid
with unprecedented C-H---F, F---S and=Finteractions in a vast library of isatin-based
compounds. In addition, this also represents on¢hefrare examples of fluorine-mediated
interactions found in the presence of other stmoog-covalent interactions reported so far [40-

42].
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Figure 1. Molecular structures of isatin-thiazoline hybrids 1 and 2

2. Experimental

2.1 Materials and Methods

All regents and solvents were used as obtained fhensupplier or recrystallized or redistilled as
necessary. Thin layer chromatography (TLC) usiragglplates coated with Silica gel 60,6GF
(E.Marck) was performed to check the progress efréfaction and the purity of the product. The
spots were visualized under ultraviolet light a# 2ind 366 nm and / or spraying with iodine
vapours. Melting point was taken on a Fisher-Jaheiing point apparatus and is uncorrected.
Elemental analysis was performed on a Leco CHN®®32mental analyzer. Infrared spectrum
(KBr disk) was run on Shimadzu 8406-NMR spectrum was recorded iSO on Bruker
(Rhenistentten-Forchheim, Germany) AM 300 specttemeperating at 300 MHz, using TMS
as an internal standartt chemical shifts are reported in (ppm) and couplionstants in Hz.

Mass spectrum was recorded on agilent 6310 ionli€MS mass spectrometer.

Procedure for the preparation of (%)-5-fluoro-1H-indole-2,3-dione 3-{[(Z)-4-(4-

chlorophenyl)-3-(4-fluorophenyl)-1,3-thiazol-2(31)-ylidene]hydrazone} (2)



To a solution of 5-fluoroisatin (0.01 mol) in 50%weeous EtOH (20 mL) containing a catalytic
amount of glacial AcOH was added an ethanolic &wiut (20 mL) of N-(4-
fluorophenyl)hydrazinecarbothioamide (0.01 mol)hwvgonstant stirring. The reaction mixture
was then refluxed for 2 h. The solid obtained dyirefluxing was collected by suction filtration.
Thorough washing with hot aqueous EtOH (50%) a#drthe desired thiosemicabazone, which
was used as such without further purification [4Bhe synthesized thiosemicabazone (0.005
mol) was subsequently mixed wigrchlorophenacyl bromide (0.005 mol) in absolute IEt@5
mL) and heated under reflux for 15 h. The refluxates concentrated on rotary evaporator and
the precipitate thus formed was filtered. Thoroughshing with n-hexane followed by
crystallization from water/ethanol furnished theget compoun@ in pure form. The synthesized

compound is characterized as follows:

Yield 88% as orange yellow crystals; m.p. 298-3a0 IR (KBr, cni®): 3177 (NH stretching),
1705 (C=0), 1624 (C=N)}:H-NMR (DMSO-ds, 5, ppm): 6.75 (ddJ = 8.7, 4.5 Hz, 1H, indole
Cs-H), 7.03 (td,J = 9.3, 2.7 Hz, 1H, indole ¢H), 7.09 (ddJ = 9.0, 2.7 Hz, 1H, indole £H),
7.11 (s, 1H, thiazoline =CH), 7.29 (d,= 8.7 Hz, 2H, phenyl £H, Cs-H), 7.37 (t,J = 8.7 Hz,
2H, N- phenyl G-H, Cs-H), 7.41 (d,J = 8.7 Hz, 2H, phenyl £H, Cs-H), 7.55 (ddJ = 8.7, 4.5
Hz, 2H, N-phenyl G-H, Cs-H), 10.50 (s, 1H, indole NH); EIMS (70eW)/z (%): 468 (M*+ 2,
75), 467 (M + 1, 55), 466 (M, 100), 440 (8), 439 (9), 438 (18), 437 (11), 36p 804 (8), 303
(12), 292 (35), 291 (19), 290 (82), 288 (22), 23)% 32 (16), 170 (8), 168 (19), 153 (26), 149
(13), 136 (9), 134 (7), 133 (6), 121 (12), 108 (8p (14), 75 (7); Anal calcd. for
C23H13CIFN4OS: C 59.16, H 2.79, N 12.00; found: C 59.162.A7, N 11.99.

2.2. Crystallographic data collection and structusfinements



Suitable X-ray quality crystals of compouBdvere obtained by slow evaporation of its solution
in dichloromethane-methanol solvent mixture at ambitemperature. Single crystal X-ray
structural studies of2 were performed on a CCD Oxford Diffraction XcaliBaphir 3
diffractometer, employing graphite-monochromated-Kto radiation generated from a fine-
focus sealed tubé. (= 0.71073A) at 150(2) K. Data collection strategys evaluated by using
the CrysAlisPro CCD software. Collections of datare observed by the standandscan
techniques and were scaled and reduced using Gs¥8AIRED software. The structure was
solved by direct methods using SIR-97 [44] andnedi by least—squares methodsFéhusing
SHELXL-97 [45]. The positions of all the atoms wergtained by direct methods. Anisotropic
thermal parameters were assigned to all non—hydragems and the remaining hydrogen atoms
were placed in geometrically constrained positiand refined as riding atoms with a common
fixed isotropic thermal parameter. The drawingh@ tomplex was realized with PLATON [46].

A summary of the selected crystallographic infoiprats given in Table 1.

Table 1.Crystal data and structure refinement2or

Crystal data 2

Cccbc 981215

Chemical formula C,4H417CIF,N,0,S
M, 498.93

Crystal system, space group Monoclinic, P2,/c
Temperature (K) 150

a, b, c(A) 9.6361 (4), 10.6068 (3), 22.6225 (7)
B(°) 97.549 (3)

V(A% 2292.16 (14)

z 4

Radiation type Mo Ka

i (mm™) 0.30



Crystal size (mm) 0.29x0.19x0.13
Data collection

Diffractometer CCD Saphire 3 Xcalibur
diffractometer

Absorption correction -

No. of measured, independent and 19330, 5008, 4183
observed [/> 20(/)] reflections

Rint 0.032
(5in B/A)max (A7) 0.639

Refinement

RIF*> 20(F)], wR(F?), S 0.033, 0.086, 1.02

No. of reflections 5008

No. of parameters 308

H-atom treatment H-atom parameters constrained
Do D min (€ A7) 0.30,-0.27

3. Results and discussion

As depicted in Scheme 1, isatin-thiazoline hybridleoule2 was synthesized by reacting 5-
fluoroisatin with one equivalent oN-(4-fluorophenyl)hydrazinecarbothioamide in ethanol
solvent containing a catalytic amount of glaciattacacid in the first step and then treating the
resultant product dissolved in absolute ethanolhwitchlorophenacyl bromide at reflux

temperature in the second step.
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Scheme 1Synthesis of isatin-thiazoline hybrid molec@le

Single crystals of2, suitable for X-ray analysis (Figure 2, Table 1) svewltivated in a
dichloromethane/methanol solvent mixture by slovapmration method and found to have a
monoclinic crystal lattice with thB21/c space group. It is important to mention here thase
are the same conditions for crystal growth as ysediously for compound [32]. In this
compound, isatin and the central thiazoline rintgs are connected with each other through -
C=N-N=C- linkage lie nearly in the same plane. Hogre the two aryl rings substituted on
thiazoline moiety are tilted as compared to thenglaf isatin-thiazoline rings. The fluoro-
substituted aryl ring present at N4-of the thiazelmoiety is positioned in such a way that H5 of
the isatin is located on almost top and the ceoftrigs aromatic ring plane with a distance of

2.977 A. The dihedral angle between the planeuwfré-substituted aryl and thiazoline rings is



69.67° (C9-N4-C18-C19). The chloro-substituted anyyy at C-10 of the thiazoline ring is less
tited as compared to the N4-aryl one with a diaédngle of 42.06° (N4-C10-C12-C17) from
the isatin-thiazoline plane. In the thiazoline ritige S(1)-C(9) and S(1)-C(11) bond lengths are
1.733(14) A and 1.735(15) A, respectively, with t#9)-S(1)-C(11) bond angle being

90.10(7)°. Other selected bond lengths and bontkarge presented in the caption to figure 2.

The most significant and interesting feature o ttompound is its molecular packing in the
solid state, stabilized by fluorine-mediated int#i@ns (C-H---F, F---S and k)-(Figure 3) in
addition to other non-covalent interactions (N-&,-O-H---O, C-H---O, Clw,-C-H- - 7, n- - )
(Table 2). The crystal structure revealed methamohpsulated layered assembly, composed of
1D-supramolecular chains (Figure 4). As shown guies 4a & 4b, methanol molecules are
sandwiched between every two chains of a layerh H&xchain of this assembly is formed by
the lateral arrangement of molecules by means ofSF{F(1)---S(1) 3.014 A] and F {F(1)
..-C(11) 3.123 A] interactions. The molecules iargwchain of a layer with respect to another
are inverted. Two neighbouring chains, which areapsulating the methanol molecules by
means of mainly N-H---O [N(1)-H(1)---O(2) 1.981 &}H---O [0O(2)-H(2A)---O(1) 1.871 A]
and C-H---O [C(3)-H(3)---O(2) 2.521 A] interactioms connected with each other through C-
H---O [C(2)-H(2)---O(1) 2.448 A] interactions. Th&o consecutive chains, which are
sandwiching the methanol molecules (a bi-chain w&ig are connected to the next bi-chain
sandwich with the help of Cl# {CI(1)---C(20) 3.406 A, CI(1)---C(21) 3.261 AJersctions.
Furthermore, each layer of this assembly is comdetd the next layer by means of C-H---F
[C(22)-H(22)- - - F(1) 2.597 A], C-Hm [C(24)-H(24)- - - C(15) 2.876 A, C(20)-H(20)- - - C(H2B
A}, C-H---O [C(17)-H(17)---O(1) 2.601 A] and « [C(9)- --N(2) 3.232 A] interactions between

anti-parallel stacked moleculesfproviding an overall multi-layered structure (g 4c).



Figure 2. X-ray crystal structure a?. Selected bond lengths (A): CI(1)-C(15) 1.373(1%B(1.)-
C(9) 1.733(14); S(1)-C(11) 1.735(15); F(1)-C(4)6BRL7); F(2)-C(21) 1.360(18); O(1)-C(8)
1.230(18); N(1)-C(8) 1.356(19); N(1)-C(1) 1.405(18)1)-H(1) 0.8800; N(2)-C(7) 1.298(19);
N(2)-N(3) 1.363(16); N(3)-C(9) 1.309(18); N(4)-C(2)369(18); N(4)-C(10) 1.406(18); N(4)-
C(18) 1.443(17). Selected bond angles (°): C(9)-8(1) 90.10(7); C(8)-N(1)-C(1)
111.25(12); C(7)-N(2)-N(3) 111.95(12); C(9)-N(3)2¥( 111.84(12); C(9)-N(4)-C(10)
113.78(11); C(9)-N(4)-C(18) 118.44(11); C(10)-N@)18) 127.76(11).

Figure 3. Crystal packing of2 highlighting fluorine-mediated C-H---F, F---S aRd
interactions



Table 2. Non-covalent interactions stabilizing the methasotapsulated solid state self-

assembly of compourl

Interaction type Atoms involved Distance (A)
C-H---F C(22)-H(22)---F(1) 2.597
Fo'S C(4)-F(1)---S(1) 3.014
Foom C(4)-F(1) ---C(11) 3.123
N-H---O N(1)-H(1)---O(2) 1.981
O-H---0 O(2)-H(2A)---0(1) 1.871
C-H---O C(3)-H(3)---O(2) 2.521
C(2)-H(2)---0(1) 2.448
C(17)-H(17)---O(1) 2.601
C-H--m C(24)-H(24)- --C(15) 2.876
C(20)-H(20)---C(3) 2.828
Cl- ¢ Cl(1)---C(20) 3.406
Cl(1)---C(21) 3.261

T T C(9):---N(2) 3.232




Figure 4Crystal packing of compound 2: a) view of four rdaguring 1D-chains having
methanol molecules encapsulated between two chiaingng a bi-chain methanol sandwich
alonga-axis; b) view of a layer alongraxis; c) view of two consecutive layers aldrgxis

To the best of our knowledge, fluorine-mediated C-H, F---S and Fr-interactions described
here have not been reported so far in a familgatin-based compounds. It is worth mentioning
that C-H---O interactions observed Indue to the presence of methoxy substituent are
outweighed by the fluorine-mediated interactionsunidd in the present case [32]. The
introduction of fluoro substituent as a substitidenethoxy on the central aryl ring 8fled to

the appearance of fluorine-mediated interactiortse $trategy to observe fluorine-mediated
interactions used here could possibly be usedheratgid systems to explore and understand
their positive effects on the biological properteé#sa specific drug molecule, in addition to their

applications in crystal engineering field [47].

4. Conclusions

In summary, we have synthesized an interestirimisisiazoline hybrid molecul2 and studied
its solid state self-assembling behaviour by X-caystallography. A multi-layered methanol
encapsulated network assembly, which is composediebus 1D-chains, has been observed.

Fascinatingly, methanol molecules are sandwichéadsn two 1D-chains of this assembly. The



notable supramolecular interactions involved in skabilization of this assembly are C-H---F,
F---S and F-; which were not only absent in our previously mgo isatin-thiazoline hybrid

but also, to the best of our knowledge, never itegoearlier in the family of isatin-based
compounds by other workers. As illustrated in thespnt example and also revealed from our
previous study and the literature survey, fluonnediated interactions may occur even in the
presence of other strong non-covalent interactinnist depends largely on the geometry of the
molecules. Furthermore, they are not very weakasteons (C-H---F = 2.597 A) and may have
significant ability to direct the molecular packjnghich highlights their much larger role in the
crystal packing than anticipated so far [47]. Tleaeyal perception that organic fluorine hardly
ever accepts hydrogen bond [14] has been foundattuglly change during the past two decades
and its structure directing role is now recognigE]. However, to understand its role in biology

and use as a reliable synthon in crystal engingestii needs more research
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Resear ch Highlights:

» Anisatin-thiazoline hybrid molecule having -C=N-N=C- linkage has been synthesized.

» Solid state self-assembly was studied by X-ray crystall ographic technique.

» A bi-chain sandwich like structure with methanol molecul es encapsulated between every
two chainsis obtained.

» Fluorine-mediated interactions are involved in the stabilization of this assembly.
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