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X-RAY ANALYSIS AND PROTON TRANSFER REACTION IN THE CRYSTAL
OF 2-{2’'-HYDROXY-5'-METHYLPHENYL. ) -5-CHLOROBENZOTRIAZOLE

ALEKSANDRA LEWANOWICZ

Institute of Organic and Physical Chemistry,

Technical University of Wroclaw, Wybrzeze Wyspianskiego 27,
50-370 Wroclaw, POLAND

FRANGCOIS BAERT

Laboratoire de Dynamique des Cristaux Moléculaires,
Associé au CNRS (UA801), UST Lille Flandres Artois,
59655 Villeneuve d'Ascqg Cedex, FRANCE

Abstract Preliminary results of an X-ray crystal structure of
2-{2' -hydroxy-5'-methylphenyl }-5-chlorcbenzotriazole at room tempe-
rature are presented as well as atomic parameters from an X-ray
refinement and a TLS thermal vibration analysis on "heavy" atoms.
These data allow the first step of an interpretation of the
dynamics of the proton transfer reaction in this molecule.

INTRODUCTION

2-{2'-hydroxy-5' -methylphenyl )-5-chlorobenzotriazole molecule (CLTIN)
belongs to the class of the compounds with an intramolecular hydrogen
bond which are widely used as W stabilizersl_(’. In such molecular
systems the reaction centers are parts of the same molecule and the
proton is translocated along preexisting intramolecular H-bond.

In the CITIN molecule, the proton transfer (PT) reaction in the S1
state takes place in non-polar environment, at 77 K7 only. In hydrogen
bonding matrices, intermolecular H-bond between the CITIN molecule and
the solvent prevents excited state prtoton transfer7. However, in the
crystalline state at room temperature, a very broad, highly Stokes-
shifted "red" fluorescence was detected. This emission has been
attributed to the PT form of ClTINa. In p-dibromodiphenyl matrix at room
temperature, maximum of the emission spectrum of CITIN is shifted toward
short wavelength range,9 probably because of a non-planar conformation
by the molecular packing forces, like in the parent molecule TIN1 O.

There are many structural requirements that control the dynamics of

the intramolecular PT. It is interesting to loock for a connection
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between molecular structure "prepared" to proton transfer reaction in
the ground state and after excitation. Evidence is presented which
indicates that the conformation of C1TIN molecule in the solid state is
almost planar which allow the excited state proton transfer.

. . L ot1,12
Experimental details were close to presented in .

CRYSTAL STRUCTURE

X-ray studies of CITIN were carried out at room temperature and the
crystal structure was refined according to”. CITIN with the formula
CuHLoNaoCl crystalizes in the monoclinic space group PZ1 /n with the
lattice parameters a = 11,222 A, b = 3.917 A, ¢ = 26.949 A, B = 99.78"
and Z = 4. Bond distances and selected angles for CITIN molecule,

calculated from fractional atomic coordinates, are presented in Table I.
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Figure 1 Crystal packing of CITIN.

Figure 2 Electron density difference synthesis in the central part of
ClTIN molecule. Substracted H atom in O-H...N bridge.
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TABLE I Interatomic distances and selected angles for ClTIN
(estimated standard deviations in parentheses)

Distance r () Distance r (&)
€1 -¢C2 1.385(2) cg - @9 1.352(3)
Cl - Co 1.397(3) €9 - Clo 1.408(2)
Cl1 - N1 1.433(4) c9 -C1 1.754(4)
c2 - 01 1.354(3) Cl10 - Cl11 1.347(4)
c2 - C3 1.388(4) Cl1 - C12 1.408(3)
€3 -4 1.376(3) 01 - HOL 1.149(4)
C4 - C5 1.368(2) C3 - H3 0.843(2)
Cs - CM 1.516(3) C4 - H4 0.915(4)
C5 - Céb 1.374(4) CM - HIM 1.068(3)
N1 - N2 1.316(2) CM - H2M 1.097(1)
N1 - N3 1.340(3) CM - H3M 1.089(2)
N2 - C12 1.354(4) Cé - H6 0.921(2)
N3 - (7 1.353(3 ) C8 ~ H8 0.976(2)
c7 - C8 1.418(4 Clo - H1o 0.905(3)
C7 - C12 1.399(2 ) C11 - H11  ©.998(2)
Angles:
Cl-c2-01 124.7(2)
€2 - 01 - HO1  113.5(2)
C2 -Cl -Co 126.5(2)
N2 - N1 - N3 117.2(2)
c7 - (C8 - (9 114.5(2)
C7 - C12 - C11 121.6(2)

Numbering of the atoms according to Figure 3.

THERMAL ANALYSIS DATA

According to Hirshfeld14

the mean square displacement amplitudes (MSDA)

of a pair of non-hydrogen atoms in a typical organic molecules should be

almost the same along the bond directiom,

though they may be widely

different in other directions. From these preliminary results it may be

deduced that the differences in MSDA are order 10 x 10 & A°

examples are in Table II (see also Figure 3).

Some
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TABLE II Differences in MSDA values (10 x A MSDA) in A’ for

"heavy" atoms in the CITIN nmolecule

Atom Cl €9 C7 N3 N2 NL C6 C3 01 (2

c1 -30 -51 -40 -35 -31 -63 120 -56 12 -1

c2 -29 -39 -68 -9 -43 -50 56 21 -14

o1 11 14 -65 20 -57 -25 79 147

3 -48 -36 -63 -23 25 -22 15

C6  -100 -130 -104 -159 8 -134

N1 22 2 22 -51 -33

N2 -98 -149 -51 -32

N3 -12 -22 -82

7 11 20

9 56

Displacement parameters for the cresol moiety with C6 atom

are too large and it is difficult to say that this fragment of

molecule seems to be less rigid. See also Figure 3.

Figure 3

Conformation of crystalline C].TIN16 with the numbering
related to Table 1I.
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RIGID-BODY MODEL

A least-squares analysis of the rigid-body motion of the molecule was
carried out according to the model of Schomaker and Truebloodls. In the
model, only Uij values of the non-hydrogen atoms were fitted to the T, L

and S tensors.

TABLE II1 Rigid-body motion parameters for all the heavy atoms

L (rad®) x 107" T (A%) x 107 S (Arad) x 10~

489 -41 23 4477 539 79 4 9 331
126 4 3556 670 1 7 -165

171 3900 -205 147 -11

R.M.S. AU (A*)  0.0044

E.S.D. 0.0049

Tensor of inertia 370.0 2813.53 3183.71

SUMMARY

The refined x-ray structural data of ClTIN lead to the conclusion that:

1° - Only one conformer is dominant in the crystalline state, however
two rotameric species O-H...N are possible (rotation around central
Cl - N1 bond).

2" - ClTIN molecule is practically planar in the single crystal. A very
small deviation of planarity is calculated for Cl1 atom and for the
OH- and CH3— groups.
It is evident that within coplanar system, the proton tunneling
distance is minimum and the interaction between reaction centers is
maximim,

3° - The O1...N3 and H...N3 interatomic distances are equal 2.62 A and
1.72 &, respectively. Position of the H atom in the hydrogen bridge
is well defined. The observed O-H bond is much shorter than that
calculated from van der Waals contact for O...N heavy atoms (2.90
A)17 which is due to the rather strong intramolecular hydrogen
bond.
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