ANDRZEJ GZELLA, URSZULA WRZECIONO UND WOLFRAM POPPEL

Datensammlung

Kuma KM-4 Diffraktometer Rin = 0,023

w-26 Abtastung Omax = 70,54°

Absorptionskorrektur: h=-13 - 13
1 scan (North ez al., k=-18— 19
1968) 1=0— 20

Tmin = 0;384, Tmax = 0,664
10349 gemessene Reflexe
9965 unabhingige Reflexe
7912 Reflexe mit

I>20()

2 Kontrollrefiexe
alle 100 Reflexe
Intensititsschwankung:
2,0%

Verfeinerung
Verfeinerung auf F*
RIF? > 20(F*)] = 0,045
wR(F?) = 0,147

(A/U)max = —0,0QI
Apma = 0,491 ¢ A7
Apmin = —=0,375¢ A~3

S=1,173 Extinktionskorrektur:

9965 Reflexe SHELXL93 (Sheldrick,

798 Parameter 1993)

H-Atome: teils frei verfein- Extinktionskoeffizient:
ert, teils ‘constrained’ 0,0014 (2)

Atomformfaktoren aus
International Tables for
Crystallography (Vol. C)

Berechnete Gewichtungen
w= [c2(F2) + (0,0907PY
+ 0,4225P]
wobei P=(FZ+2F2)/3

Tabelle 2. Wasserstoffbriickengeometrie (A, °) fiir (3)

D—H---A D—H H-.-A D-..A D—H.-.A
O10A—HI10A- - -N3B 0,72 (3) 2,50 (3) 3.134 (2) 147 (3)
O10A—HI10A- - -0O12B 072 3) 240 (3) 3,029 (3) 147 (3)
O10B—HI10B- - -N3A 072 (3) 232(3) 2,988 (2) 155 (3)
O10B—HI08. - -0124 072 3) 2583 3.171 (3) 140 (3)
0O10C—HI10C- - -N3D 0823) 2213) 2,962 (2) 152 (3)
Ol0C—HI0C---012D 082 (3) 248 (3) 3,152 (3) 139 (3)
O10D—HI10D- - -N3C 0.76 (3)  2.39(3) 3.092 (2) 153 (3)
Ol10D—HI10D- - -012C 076 (3) 2,53 (3) 3.164 (3) 141 (3)
C6B—HG6C- - -0104' 1.02 (2) 245 (2) 3.423 (3) 160 (2)
C84A—HBgAL- - -010C 098 (2) 2,34 (2) 3,273 (3) 158 (2)
C8B—H8B2- - -N3D 091 (2) 246 (2) 3,292 (3) 151 (2)
C8C—HSC1- - -N3A" 0.97 (3) 2,47 (3) 3332 (3) 148 (2)
C8D—HBD2- - -010B" 088 (3) 247 (3) 3.262 (3) 150 (2)

Symmetriebezeichnungen: (i) 2 — x,2 — y, 1 — z; (ii) 1+ x,y, 2 (iii)
2—-x,l—y1l—2z

Die iibrigen H-Atome in (3) wurden isotrop verfeinert. Bei
der Bestimmung der Kristall-Polaritit von (1) wurden 722
Friedel-Reflexpaare ausgewertet. Fiir Verbindung (1) wurde
der Ursprung nach der Methode von Flack & Schwarzenbach
(1988) festgelegt.

Beide Verbindungen, Datensammlung: KM-4 Software
(Kuma Diffraction, 1991); Zellverfeinerung: KM-4 Software,
Datenreduktion: KM-4 Software; Losung der Strukturen:
SHELXS86 (Sheldrick, 1985); Verfeinerung der Strukturen:
SHELXL93 (Sheldrick, 1993). Molekiilgrafik: ORTEPII (John-
son, 1976) und PLUTO (Motherwell & Clegg, 1978) fiir
(1); ORTEPII fiir (3). Beide Verbindungen, Programm fiir die
Herstellung von Veroffentlichungsmaterialien: SHELX1.93.

Erganzende Daten fiir diese Veroffentlichung konnen vom elektron-
ischen Archiv des IUCr (Referenz: JZ1330) bezogen werden.
Zugangsmoglichkeiten fiir diese Daten werden auf der dritten Um-
schlagseite beschrieben.
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Abstract

Isoquinoline, CoH7N, is a ligand which is used as
a complexing agent for different metals. In order to
compare geometric features of free isoquinoline and iso-
quinoline as a complexing ligand, we determined its
crystal structure. Regrettably, the molecule is located
on a centre of inversion and is therefore disordered;
it is also isostructural with naphthalene. By refinement
experiments and packing considerations, we were able
to discard the possibility of fourfold disorder, which
has been found for several (3-substituted naphthalene
compounds, and performed the structure determination
employing a model of twofold disorder.

Comment

Isoquinoline is a well known ligand that has been
used in studies of the formation of various adducts of
Group IVA halides (Miller & Onyszchuk, 1967). As
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part of our ongoing investigations on the Si—N bond
in silicon coordination compounds, we have crystallized
the title compound, (I), in order to evaluate any possible
structural differences between the coordinated and the
uncoordinated forms of this ligand. Isoquinoline, (I), is
isostructural with naphthalene, whose structure has been
determined from single crystals on numerous occasions
(Abrahams er al., 1949; Ahmed & Cruickshank, 1952;
Cruickshank, 1957; Ponomarev et al., 1976; Brock &
Dunitz, 1982) and by X-ray powder diffraction (Alt &
Kalus, 1982). Furthermore, the structure of perdeutero-
naphthalene was determined by neutron diffraction at
both ambient temperature (Pawley & Yeats, 1969) and
12 K (Natkaniec et al., 1983). Whereas all naphthalene
structures have previously been refined in space group
P2,/a, we have chosen space group P2,/c in the standard
setting. After transforming our cell parameters to P2,/a
using the matrix (001/010/101), the values obtained
show that the structures of naphthalene and isoquinoline
are in fact isostructural.

7
N
I

Since the molecule is located on a centre of inver-
sion, it must be disordered. In principle, there are two
possibilities of disorder: the N atom can be located at
positions 2 and 2’ of the aromatic system with an occu-
pancy of 0.5 each, or it can be located on four positions,
namely 2, 2’, 3 and 3’. In the latter case, the sum of
the four site-occupation factors for the N atoms is con-
strained to 1, but their ratio has to be determined. Our

refinement experiments revealed that thc N atom shows

only a twofold disorder, occupying positions 2 and 2’
with an occupancy of 0.5 each (see Experimental). A
close inspection of the crystal packing reveals that po-
sitions 2 and 3 of the aromatic moiety have a different
environment: the H atom at C3 points towards the cen-
tre of a neighbouring aromatic ring. This arrangement,
which brings a 6(+) H atom of one aromatic group into
close contact with the 6(—) m-electron cloud of another
aromatic ring, has been found in many crystal struc-
tures (Burley & Petsko, 1986) and was calculated to
be favourable by ab initio methods (Pawliszym et al.,
1984). The H atom at C2, on the other hand, appears to
be rather close to the N atom [H2. - -N2i 2.92(3) A and
C2—H2- - -N2! 128.6 (19)°; symmetry code: (i) —x+ 2,
—y+1, —z+2]. In addition to the refinement experi-
ments, this consideration makes it plausible that the N
atom shows only a twofold disorder. Disorder has also
been found for S-substituted naphthalene compounds:
2-fluoronaphthalene (Chanh & Haget-Bouillaud, 1972;
Meresse et al., 1979), 2-chloronaphthalene (Chanh et
al., 1970; Meresse et al., 1980), 2-bromonaphthalene
(Chanh et al., 1973), 2-methylnaphthalene (Meresse er

CoHsN

al., 1983), B-naphthol (Watson & Hargreaves, 1958;
Coppens & Heairfield, 1965) and 2-naphthalenethiol
(Chanh er al., 1984) undergo a phase transition from
an ordered low-temperature form to a disordered high-
temperature form, and this high-temperature form is
very similar in structure to unsubstituted naphthalene,
but it is not exactly isostructural with the latter and the
substituent in the 3 position is fourfold disordered. This
fourfold disorder, in contrast to the twofold disorder of
the title compound, can be explained by the crystal pack-
ing; in the (-substituted naphthalene compounds, the
substituents at positions 2 and 3 are in a similar en-
vironment, which is not the case for isoquinoline. In
conclusion, it can be stated that the different kinds of
disorder in isoquinoline and 3-substituted naphthalenes
are in agreement with the different crystal packing.

Fig. 1. Perspective view of the title compound with the atom
numbering; displacement ellipsoids are at the 50% probability level.
Atoms N2 and C2 share the same site (occupancy 0.5 each) and they
were refined with the same anisotropic displacement parameters.
Only one of the two atoms is shown in each symmetry equivalent
position [symmetry code: (i) 1 —x, I —y. 1 —2z].

Experimental

Commercial isoquinoline was purified by distillation from
calcium hydride and stored under vacuum. The substance
crystallized at 293 K within a few hours. Elemental analysis
(CoH7N): calculated C 83.7, H 5.5, N 10.8%: found: C 83.3,
H 5.8, 10.7%.

Crystal data

CyHsN Mo Ko radiatgon

M, =129.16 A=071073 A
Monoclinic Cell parameters from 8192
P2,/c reflections
a=17839(2) A 6 =1-25°

b=5990(1) A p = 0.074 mm~'
c=824412) A T=1713(2) K

B =116.88(1)° Block

V =34528(13) A® 0.60 x 0.50 x 0.40 mm
Z=2 Colourless

D, =1242Mgm™*
D,, not measured
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Data collection

Siemens CCD three-circle 916 reflections with

diffractometer 1> 20()
w scans Rin = 0.034
Absorption correction: Omax = 30.51°

empirical (SADABS; h=—-11 - 11

Sheldrick, 1996) k=-8—-38

Tin = 0957, Tax = 0971 = —11 — 11

146 standard reflections
frequency: 1200 min
intensity decay: none

11 083 measured reflections
1049 independent reflections

Refinement

Refinement on F?

RIF? > 20(F%)] = 0.0470

wR(F?) = 0.1331

S =1.092

1049 reflections

62 parameters

H atoms refined isotropically

w = 1[o*(F2) + (0.0774P)?
+ 0.0434P]

where P = (F? + 2F2)/3

(A/o)max < 0.001

Apmax = 0305e A7°

Appin = —0.191 e A™°

Extinction correction: none

Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A?)

Ueq = (1/3)EiE,l/'7a’a/a,.a,.

x ¥ z Ueq
Cl 0.73107(14)  0.65467(18)  0.62301(14)  0.0388(3)
C2t 0.83598(13)  0.5109 (2) 0.76036 (13)  0.0456 (3)
N2t 0.83598 (13)  0.5109(2) 0.76036 (13)  0.0456(3)
C3 0.75575(15)  0.30850(19)  0.77331(13)  0.0424 (3)
c4 0.57319(15)  0.24817(16)  0.65165(12)  0.0363 (3)
cs 0.45989 (11) 0.39596 (14) 050750 (11)  0.0284(2)

t Site occupancy = 0.50.

Table 2. Selected geometric parameters (A, °)

Cl1—C2 1.3631 (16) C3—C4 1.3736 (15)
c1—s' 14261 (13) C4—C5 1.4249 (13)
Cc2—C3 1.3919(17) C5—CS§' 1.4265 (16)
c2—C1—s' 121.71 (9) C4—C5—C1! 122.88 (9)
C1—C2—C3 119.35 (9) C4—C5—C5' 118.82 (10)
C4—C3—C2 122.06 (9) CI'—C5—C5' 118.29 (10)
C3—C4—C5 119.76 (9)

Symmetry code: (i) 1 —x,1 —y, 1 —z.

Table 3. C—H.- - -N intermolecular contacts (Ao, °)

D—H--.A D—H H - -A DA D—H.A
C2—H2- . :N2' 098 (3) 2.92(3) 3.613(2) 128.6(19)
C4—H4- . -N2" 0.985(16) 3.161 (16) 3.8650 (16) 129.7 (11)
Cl—Ht- - -N2" 1.024 (16) 2.922(15) 3.7477 (16) 138.2(11)

Symmetry codes: () 2 — x, | — y,2 =z (i) | —x,y — 1, 3 — 2 (i)
2-xl+y 3 -z

For refinement of position 2 of the isoquinoline system, a C
and an N atom (both with site occupancy 0.5) were placed
on the same site with the same displacement parameters, a
procedure which did not introduce any additional parameters
to the refinement. In order to prove that the N atom is
disordered over just two positions, we performed the following
refinement: for positions 2 and 3 of the isoquinoline ring, a
C and an N atom were introduced, sharing the same site and
the same displacement parameters, but the occupation factors
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of these different atoms were allowed to refine employing
the constraints that the sum of the occupation factors of two
atoms sharing the same site must sum to 1.0 and that the sum
of the two occupation factors of the C atoms must sum to
1.5, implying that the occupation factors of the two N atoms
must sum to 0.5. The refinement resulted in the following site-
occupation factors: C2 0.578 (4), N2 0.422 (4), C3 0.922 (4)
and N3 0.078 (4). This resuit should be sufficient proof of
the twofold disorder. All H atoms were located by difference
Fourier synthesis and refined freely.

Data collection: SMART (Siemens, 1995). Cell refinement:
SMART. Data reduction: SAINT (Siemens, 1995). Program(s)
used to solve structure: SHELXS97 (Sheldrick, 1990). Pro-
gram(s) used to refine structure: SHELXL97 (Sheldrick, 1997).
Molecular graphics: XP in SHELXTL-Plus (Sheldrick, 1991).

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: SK1296). Services for accessing these
data are described at the back of the journal.

References

Abrahams, S. C., Robertson, J. M. & White, J. G. (1949). Acta Cryst.
2, 233-244.

Ahmed, F. R. & Cruickshank, D. W. J. (1952). Acta Cryst. 5, 852-853.

Alt, H. C. & Kalus, J. (1982). Acta Cryst. B38, 2595-2600.

Brock, C. P. & Dunitz, J. D. (1982). Acta Cryst. B38, 2218-2228.

Burley, S. K. & Petsko, G. A. (1986). J. Am. Chem. Soc. 108, 7995
8001.

Chanh, N. B., Bouillaud, Y. & Lencrerot, P. (1970). J. Chim. Phys.
Chim. Biol. 67, 1198-1205.

Chanh, N. B., Haget, Y., Leroy, F. & Hannoteaux, F. (1973). Acta
Cryst. B29, 1469-1473,

Chanh, N. B. & Haget-Bouillaud, Y. (1972). Acta Cryst. B28, 3400—
3404.

Chanh, N. B., Meresse, A. & Haget, Y. (1984). J. Appl. Cryst. 17,
13-17.

Coppens, P. & Heairfield, 1. (1965). Isr. J. Chem. 3, 25-26.

Cruickshank, D. W. J. (1957). Acta Cryst. 10, 504-508.

Meresse, A., Chanh, N. B., Housty, J. & Haget, Y. (1983). J. Appl.
Cryst. 16, 370-373.

Meresse, A., Haget, Y. & Chanh, N. B. (1980). Cryst. Struct. Commun.
9, 699-703.

Meresse, A., Haget, Y., Filhol, A. & Chanh, N. B. (1979). J. Appl.
Cryst. 12, 603—604.

Miller, J. M. & Onyszchuk, M. (1967). J. Chem. Soc. A, pp. 1132—
1135.

Natkaniec, I., Belushkin, A. V., Dyck, W., Fuess, H. & Zeyen,
C. M. E. (1983). Z. Kristallogr. 163, 285-293.

Pawley, G. S. & Yeats, E. A. (1969). Acta Cryst. B25, 2009-2013.

Pawliszym, J., Szczgsniak, M. M. & Scheiner, S. (1984). J. Chem.
Phys. 88, 1726-1730.

Ponomarev, V. L, Filipenko, O. S. & Atovmyan, L. O. (1976). Sov.
Phys. Crystallogr. 21, 215-216.

Sheldrick, G. M. (1990). Acta Cryst. Ad46, 467-473.

Sheldrick, G. M. (1991). SHELXTL-Plus. Release 4.1. Siemens Ana-
lytical X-ray Instruments Inc., Madison, Wisconsin, USA.

Sheldrick, G. M. (1996). SADABS. Program for Empirical Absorp-
tion Correction of Area Detector Data. University of Géttingen,
Germany.

Sheldrick, G. M. (1997). SHELXL97. Program for the Refinement of
Crystal Structures. University of Gottingen, Germany.

Siemens (1995). SMART and SAINT. Area Detector Control and
Integration Software. Siemens Analytical X-ray Instruments Inc.,
Madison, Wisconsin, USA.

Watson, H. C. & Hargreaves, A. (1958). Acta Cryst. 11, 556-562.



