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Among the title compounds, viz. the acids C10H8ClF2NO3, (I),

and C11H11F2NO3, (II), and the amides C14H14F2N2O2, (III),

and C14H13ClF2N2O2, (IV), the change of substituent from Cl

in (I) to methyl in (II) has a dramatic effect upon the hydrogen

bonding between the molecules, which occur in layers in both

cases. In the structures of (III) and (IV), hydrogen bonds

connect the molecules to form chains, but the introduction of

a chloro substituent in (IV) has a profound effect on the

orientation of the molecules within the chains and the packing

of the chains in the structure as a whole.

Comment

Boechat & Pinto (2000) have investigated the syntheses and

pharmaceutical potential of a series of di¯uorinated ethanoic

acids and their amide derivatives. Such compounds were

obtained by the nucleophilic cleavage, using water or amines,

of 3,3-di¯uoroindol-2-ones prepared from appropriately

substituted indoline-2,3-diones (isatins) and (diethyl-

amino)sulfur tri¯uoride. Presented here are the crystal struc-

tures and supramolecular arrangements of the title four

representative compounds, (I)±(IV) (see scheme).

The molecules of (I) to (IV) are shown in Figs. 1±4. With the

exception of the numbering of the F atoms and the cyclic order

of the benzene ring de®ned by atoms C11±C16 in the amides

(R2 as opposed to R1 for the ring de®ned by atoms C1±C6), all

four molecules are labelled in the same manner. This makes

possible the gathering together of selected bond lengths and

angles for all four compounds, as shown in Table 1. The

distances and angles within the benzene rings, in the ranges

1.359 (5)±1.410 (5) AÊ and 118.0 (2)±121.9 (4)�, respectively,

are generally as expected. It is noticeable, however, that the

spread of distances is greater in the R1 rings, especially in the

case of (I), than it is in the R2 rings of the amides. The same is

true, but to a lesser degree, for the angles. Of particular

interest in Table 1 are the torsion angles around the C7ÐC8

and C2ÐN1 bonds, which are very diffent for (I) compared

with the other compounds. Also notable in the case of (I) is

the large displacement [0.210 (7) AÊ ] of atom C7 from the

least-squares plane of ring R1. The next largest displacement

of an atom directly attached to a benzene ring [0.115 (3) AÊ ] is
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Figure 2
A view of (II), showing the atom-numbering scheme. Displacement
ellipsoids are drawn at the 50% probability level and H atoms are shown
as small spheres of arbitrary radii.

Figure 1
A view of (I), showing the atom-numbering scheme. Displacement
ellipsoids are drawn at the 50% probability level and H atoms are shown
as small spheres of arbitrary radii.



that of atom N2 relative to ring R2 of (IV). In both of these,

the displaced atoms are para to a Cl ring substituent. In the

amides, the dihedral angles between the rings R1 and R2, as

de®ned above, are 75.06 (6) and 82.27 (6)� for (III) and (IV),

respectively.

In all four structures, hydrogen bonds (Tables 2±5) play a

major part in controlling the supramolecular assembly of the

molecules. In the structure of (I), the O2ÐH2� � �O3 and N1Ð

H1� � �O3 hydrogen bonds (Table 2) have completely different

roles. The O2ÐH2� � �O3 hydrogen bonds create dimers

(Fig. 5) with motif R2
2(18), according to the notation of

Bernstein et al. (1995). The N1ÐH1� � �O3 hydrogen bonds

then create larger R4
6(26) rings (Fig. 6). Overall, the molecules

are found interconnected in layers parallel to (001) (Fig. 7), in

which the hexameric R4
6(26) rings provide cavities within

which are found the F atoms and oxo atom O1 of the

carboxylate group, which play no part in hydrogen-bond

formation. As shown in Fig. 7, the larger hexameric rings are

connected in a herring-bone fashion to complete the layer.

The layers, with Cl atoms on their surfaces, are then stacked in

the a direction and are related to one another purely by cell

translation. There are no interactions between the layers other

than van der Waals contacts; this explains the occurrence of

the stacking faults, which necessitated the twin re®nement of

this structure, as described below.
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Figure 3
A view of (III), showing the atom-numbering scheme. Displacement
ellipsoids are drawn at the 50% probability level and H atoms are shown
as small spheres of arbitrary radii.

Figure 4
A view of (IV), showing the atom-numbering scheme. Displacement
ellipsoids are drawn at the 50% probability level and H atoms are shown
as small spheres of arbitrary radii.

Figure 5
The centrosymmetric R2

2(18) motif in (I). Displacement ellipsoids are
drawn at the 50% probability level and H atoms involved in hydrogen
bonds (dashed lines) are shown as small spheres of arbitrary radii.
Selected atoms are labelled. For the sake of clarity, the unit-cell outline
has been omitted. [Symmetry code: (i) 1 ÿ x, 1 ÿ y, 1 ÿ z.]

Figure 6
The hexamolecular R4

6(26) motif in (I). For clarity, bonds to atoms C3±C6
are shown as thin lines. Displacement ellipsoids are drawn at the 50%
probability level and H atoms involved in hydrogen bonds (dashed lines)
are shown as small spheres of arbitrary radii. Selected atoms are labelled,
primarily to provide a key for the coding of the ellipsoids, which is the
same for all of Figs. 6±9, 11 and 13. For the sake of clarity, the unit-cell
outline has been omitted. [Symmetry codes: (i) 1 ÿ x, 1 ÿ y, 1 ÿ z; (iii)
1 ÿ x, 1

2 + y, 3
2 ÿ z; (iv) 1 ÿ x, 1 ÿ y, 2 ÿ z; (v) x, y, 1 + z; (vi) x, 1

2 ÿ y,
1
2 + z.]

Figure 7
A more extensive view of the hydrogen-bonding within a layer of
molecules of (I). The representation is the same as in Fig. 6, except that
the displacement ellipsoids are now at the 20% probability level,
symmetry codes and atom labels have been omitted and the outline of the
unit cell is shown.



In (II), O2ÐH2� � �O3 hydrogen bonds (Table 3) connect

the molecules, with each molecule related to its neighbour by

the operation of a crystallographic twofold screw axis, forming

zigzag chains propagated in the b direction. N1ÐH1� � �O1

hydrogen bonds connect the chains, related to one another by

cell translation, in the a direction. This creates the R4
4(24)

motif shown in Fig. 8. Replication of this motif results in the

formation of layers of molecules parallel to (001), as shown in

Fig. 9. The surfaces of the layers are populated by methyl

groups (atom C11 and the H atoms attached to it) and only

van der Waals interactions occur at the layer interface.

NÐH� � �O hydrogen bonds in (III) (Table 4) connect mol-

ecules, related to one another by cell translation, to form

chains propagated in the a direction, as shown in Fig. 10. The

contribution of each of the NÐH� � �O hydrogen bonds to the

connectivity of the chain is a four-atom repeat unit, e.g. N1,

H1, O2i and C9i [symmetry code: (i) x ÿ 1, y, z] for the ®rst of

the hydrogen bonds given in Table 4. Taken together in pairs,

the hydrogen bonds create rings which recur along the length

of the chain. The overall connectivity can then be represented

by the graph set C(4)R2
2(16). The distribution of the chains in

the unit cell, and hence in the complete structure, where they

are related to one another by crystallographic centres of

symmetry, is shown in Fig. 11, where the chains are seen end-

on. Only van der Waals interactions occur between neigh-

bouring chains.

In (IV), as in (III), NÐH� � �O hydrogen bonds (Table 5)

connect the molecules to form chains. However, the chains
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Figure 8
The R4

4(24) motif in (II). For clarity, bonds to atoms C3±C6 and C11 are
shown as thin lines. Ellipsoids are drawn at the 50% probability level and
H atoms involved in hydrogen bonds (dashed lines) are shown as small
spheres of arbitrary radii. Coding is indicated by the labelling of selected
atoms. For the sake of clarity, the unit-cell outline has been omitted.
[Symmetry codes: (i) x ÿ 1, y, z; (ii) 1 ÿ x, 1

2 + y, 1 ÿ z; (iii) x, 1
2 + y, 1 ÿ z.]

Figure 9
A more extensive view of the hydrogen bonding within a layer of
molecules of (II). The representation is the same as in Fig. 8, except that
the outline of the unit cell is shown, while atom labels and symmetry
codes have been omitted.

Figure 10
A hydrogen-bonded chain in (III). Displacement ellipsoids are drawn at
the 50% probability level and H atoms involved in hydrogen bonds
(dashed lines) are shown as small spheres of arbitrary radii. Selected
atoms are labelled. For the sake of clarity, the unit-cell outline has been
omitted. [Symmetry codes: (i) x ÿ 1, y, z; (ii) x + 1, y, z.]

Figure 11
The packing of the hydrogen-bonded chains of molecules in (III).
Displacement ellipsoids are drawn at the 50% probability level and H
atoms involved in hydrogen bonds are shown as small spheres of arbitrary
radii. The coding of the atoms is the same as in Figs. 6±9.



(Fig. 12) are now propagated in the c direction and adjacent

molecules are related by the operation of a crystallographic

c-glide plane. Despite the molecules now alternating in

orientation along the length of the chain, the C(4)R2
2(16)

graph set assigned to the situation in (III) also applies to (IV).

The chains in (IV) are distributed in such a way as to bring

about face-to-face �±� contacts between pairs of centro-

symmetrically related benzene rings (R2) of the N-phenyl

groups. These are shown in Fig. 13 distributed in an A-face-

centred arrangement. For this interaction, in which the

centrosymmetric relationship (symmetry code: ÿx, 1 ÿ y,

1 ÿ z) renders the least-squares planes of the overlapping

rings parallel, the distance between the ring centroids, the

perpendicular distance between their least-squares planes and

the lateral displacement or slippage of the rings are 3.803,

3.473 and 1.550 AÊ , respectively. The combination of the

hydrogen bonding within the chains and pairwise overlap of

the phenyl groups interconnects the molecules to form layers

parallel to (100). The Cl atoms are con®ned to a region at the

centre of the layer, while the layer surfaces are occupied by

the methyl groups (atom C10 and the attached H atoms) of the

acetamide group and by the atoms of the C3ÐC4 edge of the

ring de®ned by atoms C1±C6 (R1).

The difference in structure between acids (I) and (II)

must be due to the difference in the substituents at the

5-position of the benzene ring, viz. Cl for (I) and Me for (II).

The essential difference between the two structures, i.e. the

non-participation in hydrogen bonding of atom O1 in (I),

suggests that electronic effects arising from the electro-

negativity and the position of Cl on the ring have brought this

about. The structural differences between acids (I) and (II), on

the one hand, and amides (III) and (IV) on the other, where,

for the amides, utilization of all available hydrogen-bond

donors and acceptors only creates chains of molecules rather

than layers or sheets, is considered to be due to the need to

accommodate the steric requirements of the N-phenyl groups

of the amides. The difference between the structures of amides

(III) and (IV), speci®cally in the manner in which the

hydrogen-bonded chains of molecules are associated in pairs,

is attributed to the presence of the Cl substituent in (IV), but

is perceived as steric rather than electronic in origin.

Experimental

Compounds (I)±(IV) were prepared by general procedures (Boechat

& Pinto, 2000). Compound (I) (m.p. 438±440 K) was recrystallized

from dichloroethane, (II) (m.p. 437±440 K) from MeOH, and both

(III) (m.p. 441±443 K) and (IV) (m.p. 445±446 K) from EtOH.

Compound (I)

Crystal data

C10H8ClF2NO3

Mr = 263.62
Monoclinic, P21=c
a = 11.5493 (6) AÊ

b = 11.6207 (6) AÊ

c = 8.5251 (4) AÊ

� = 107.334 (2)�

V = 1092.20 (10) AÊ 3

Z = 4

Dx = 1.603 Mg mÿ3

Mo K� radiation
Cell parameters from 2529

re¯ections
� = 2.9±27.5�

� = 0.37 mmÿ1

T = 120 (2) K
Plate, colourless
0.60 � 0.25 � 0.05 mm

Data collection

Bruker±Nonius KappaCCD area-
detector diffractometer

' and ! scans
13 369 measured re¯ections
13 369 independent re¯ections
6202 re¯ections with I > 2�(I)

Rint = 0.000
�max = 27.5�

h = ÿ14! 14
k = ÿ15! 15
l = ÿ10! 10

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.121
wR(F 2) = 0.330
S = 1.57
13 369 re¯ections
160 parameters

H atoms treated by a mixture of
independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.1P)2]

where P = (Fo
2 + 2Fc

2)/3
(�/�)max < 0.001
��max = 1.28 e AÊ ÿ3

��min = ÿ0.72 e AÊ ÿ3
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Figure 13
Intermolecular contacts within a layer of molecules of (IV). Displacement
ellipsoids are drawn at the 20% probability level. For convenience, the
origin of the cell has been shifted to (ÿ1

2, 0, 0). Dashed lines indicate the
join of the centroids of overlapping benzene rings (see Comment) as well
as hydrogen bonds. For clarity, bonds to atoms C3±C6 and C11±C16 are
shown as thin lines. Coding is the same as for Figs. 6±9 and 11.

Figure 12
A hydrogen-bonded chain in (IV). Displacement ellipsoids are drawn at
the 30% probability level and H atoms involved in hydrogen bonds
(dashed lines) are shown as small spheres of arbitrary radii. Selected
atoms are labelled. For the sake of clarity, the unit-cell outline has been
omitted. [Symmetry codes: (i) x, 3

2 ÿ y, 1
2 + z; (ii) x, 3

2 ÿ y, z ÿ 1
2.]



Compound (II)

Crystal data

C11H11F2NO3

Mr = 243.21
Monoclinic, P21

a = 4.9174 (3) AÊ

b = 8.3976 (3) AÊ

c = 13.5487 (7) AÊ

� = 91.208 (2)�

V = 559.36 (5) AÊ 3

Z = 2

Dx = 1.444 Mg mÿ3

Mo K� radiation
Cell parameters from 1294

re¯ections
� = 2.9±27.5�

� = 0.13 mmÿ1

T = 120 (2) K
Block, colourless
0.30 � 0.08 � 0.03 mm

Data collection

Bruker±Nonius KappaCCD area-
detector diffractometer

' and ! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 2003)
Tmin = 0.813, Tmax = 1.000

5630 measured re¯ections

1373 independent re¯ections
1240 re¯ections with I > 2�(I)
Rint = 0.032
�max = 27.5�

h = ÿ6! 6
k = ÿ10! 10
l = ÿ17! 17

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.036
wR(F 2) = 0.086
S = 1.08
1373 re¯ections
160 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.0465P)2

+ 0.1105P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.18 e AÊ ÿ3

��min = ÿ0.23 e AÊ ÿ3

Compound (III)

Crystal data

C16H14F2N2O2

Mr = 304.29
Triclinic, P1
a = 5.0075 (3) AÊ

b = 11.5863 (11) AÊ

c = 12.2219 (11) AÊ

� = 87.304 (4)�

� = 89.327 (5)�


 = 78.588 (5)�

V = 694.30 (10) AÊ 3

Z = 2
Dx = 1.456 Mg mÿ3

Mo K� radiation
Cell parameters from 6753

re¯ections
� = 2.9±27.5�

� = 0.12 mmÿ1

T = 120 (2) K
Lath, colourless
0.20 � 0.13 � 0.08 mm

Data collection

Enraf±Nonius KappaCCD area-
detector diffractometer

' and ! scans
Absorption correction: multi-scan

(SORTAV; Blessing, 1995, 1997)
Tmin = 0.924, Tmax = 1.000

5877 measured re¯ections

3177 independent re¯ections
1631 re¯ections with I > 2�(I)
Rint = 0.071
�max = 27.6�

h = ÿ6! 6
k = ÿ15! 14
l = ÿ15! 15

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.053
wR(F 2) = 0.118
S = 0.94
3177 re¯ections
206 parameters

H atoms treated by independent
and constrained re®nement

w = 1/[�2(Fo
2) + (0.0443P)2]

where P = (Fo
2 + 2Fc

2)/3
(�/�)max < 0.001
��max = 0.26 e AÊ ÿ3

��min = ÿ0.28 e AÊ ÿ3

Compound (IV)

Crystal data

C16H13ClF2N2O2

Mr = 338.73
Monoclinic, P21=c
a = 16.5777 (10) AÊ

b = 9.8176 (6) AÊ

c = 9.6962 (6) AÊ

� = 96.0100 (10)�

V = 1569.41 (17) AÊ 3

Z = 4

Dx = 1.434 Mg mÿ3

Mo K� radiation
Cell parameters from 3620

re¯ections
� = 2.4±31.2�

� = 0.28 mmÿ1

T = 291 (2) K
Block, colourless
0.48 � 0.23 � 0.17 mm
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Table 1
Selected geometric parameters (AÊ , �) for compounds (I)±(IV).

(I)² (II)³ (III)§ (IV)§

C2ÐN1 1.433 (5) 1.435 (3) 1.426 (3) 1.419 (2)
C5ÐX 1.753 (4) 1.507 (3)
C8ÐO1 1.202 (5) 1.213 (3) 1.229 (2) 1.2158 (19)
C8ÐO2 1.330 (4) 1.298 (3) 1.340 (3) 1.333 (2)
C9ÐN1 1.333 (5) 1.346 (3) 1.366 (3) 1.352 (2)
C9ÐO3 1.250 (4) 1.242 (3) 1.228 (2) 1.222 (2)
C9ÐC10 1.512 (5) 1.495 (3) 1.492 (3) 1.490 (3)
C11ÐN2 1.418 (3) 1.420 (2)
C14ÐCl1 1.7424 (19)

C1ÐC7ÐC8 119.5 (4) 112.92 (18) 116.77 (18) 115.46 (14)
O1ÐC8ÐO2 127.1 (4) 126.2 (2) 125.5 (2) 126.13 (16)
O1ÐC8ÐC7 123.1 (4) 118.7 (2) 118.69 (19) 117.85 (15)
O2ÐC8ÐC7 109.7 (4) 115.0 (2) 115.77 (18) 115.85 (14)
C8ÐN2ÐC11 125.84 (18) 127.67 (14)
C9ÐN1ÐC2 120.9 (4) 121.82 (19) 122.86 (17) 123.54 (16)
O3ÐC9ÐN1 121.2 (4) 120.6 (2) 122.2 (2) 122.77 (19)
O3ÐC9ÐC10 121.8 (4) 121.67 (19) 122.7 (2) 122.22 (19)
N1ÐC9ÐC10 116.9 (4) 117.7 (2) 115.10 (19) 115.01 (18)

C1ÐC7ÐC8ÐO1 ÿ113.6 (5) ÿ44.0 (3) ÿ49.4 (3) ÿ33.8 (2)
C1ÐC7ÐC8ÐO2 68.2 (5) 136.4 (2) 131.7 (2) 150.49 (15)
C3ÐC2ÐN1ÐC9 103.1 (5) ÿ64.3 (3) ÿ59.0 (3) ÿ51.4 (3)
C1ÐC2ÐN1ÐC9 ÿ76.7 (5) 112.8 (2) 120.4 (2) 128.08 (19)

² X = Cl1. ³ X = methyl C11. § For O2 read N2 and for O3 read O2.

Table 2
Hydrogen-bond geometry (AÊ , �) for (I).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

O2ÐH2� � �O3i 0.84 1.73 2.570 (4) 176
N1ÐH1� � �O3ii 0.88 (4) 2.23 (4) 3.014 (4) 148 (3)

Symmetry codes: (i) ÿx� 1;ÿy� 1;ÿz � 1; (ii) x;ÿy� 1
2; zÿ 1

2.

Table 3
Hydrogen-bond geometry (AÊ , �) for (II).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

N1ÐH1� � �O1i 0.94 (3) 1.97 (3) 2.884 (3) 165 (2)
O2ÐH2� � �O3ii 0.84 1.67 2.502 (2) 169

Symmetry codes: (i) x ÿ 1; y; z; (ii) ÿx� 1; y� 1
2;ÿz� 1.

Table 4
Hydrogen-bond geometry (AÊ , �) for (III).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

N1ÐH1� � �O2i 0.89 (2) 2.24 (2) 3.114 (2) 166 (2)
N2ÐH2� � �O1i 0.87 (2) 2.06 (2) 2.875 (2) 156 (2)

Symmetry code: (i) xÿ 1; y; z.

Table 5
Hydrogen-bond geometry (AÊ , �) for (IV).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

N1ÐH1� � �O2i 0.83 (2) 2.19 (2) 3.002 (2) 169 (2)
N2ÐH2� � �O1i 0.84 (1) 2.07 (2) 2.8524 (18) 155 (2)

Symmetry code: (i) x;ÿy� 3
2; z� 1

2.



Data collection

Bruker SMART 1000 CCD area-
detector diffractometer

' and ! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 2000)
Tmin = 0.841, Tmax = 1.000

15 368 measured re¯ections

5629 independent re¯ections
2824 re¯ections with I > 2�(I)
Rint = 0.045
�max = 32.6�

h = ÿ20! 25
k = ÿ14! 14
l = ÿ14! 11

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.055
wR(F 2) = 0.132
S = 1.00
5629 re¯ections
215 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.0478P)2

+ 0.3392P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.26 e AÊ ÿ3

��min = ÿ0.24 e AÊ ÿ3

The sample crystal of (I) was twinned, with major and minor twin

components present, as indicated by the re®nement, to the extent of

61.0 (1) and 39.0 (1)%, respectively. As a consequence, twin re®ne-

ment by means of the SHELXL97 HKLF 5 instruction (Sheldrick,

1997), which precludes merging of the data as part of the re®nement

process, was employed, along with intensity data containing a mixture

of completely overlapping, partially overlapping and completely non-

overlapping re¯ections identi®ed as follows. For the cell corre-

sponding to the space group P21/a in use when the intensity data were

collected, the COMPARECELL function of DENZO (Otwinowski &

Minor, 1997) identi®ed the presence of two reciprocal lattices relating

to major and minor twin components, the re¯ections of which were

assigned batch numbers 1 and 2, respectively. The two reciprocal

lattices are related by rotation through 180� about a*. The relation-

ship between the Miller indices [H(1), K(1), L(1) for the major

component and H(2), K(2), L(2) for the minor component], which is

used to determine the presence or absence of points of coincidence of

the two reciprocal lattices and therefore of overlap of re¯ections, is

de®ned as H(1) = H(2), K(1) = ±K(2), L(1) = ÿ[0.8 � H(2) + L(2)].

The criterion for overlap is the remainder, M, left after dividing H(2)

by 5; M = 0 implies complete overlap, and M = 1 or 4 implies partial

but signi®cant overlap [the calculated value of L(1) will be non-

integer by no more than � 1
5]. In both of these cases, the measured

intensity is shared between the code 2 re¯ection and the code 1

re¯ection with which it is paired. M = 2 or 3 indicates the total

absence of overlap. The .hkl ®le used in the re®nement contains,

therefore, three groups of re¯ections, namely individual code 1

re¯ections associated exclusively with the major twin component,

re¯ections in overlapping pairs with code ÿ2 for the ®rst and code 1

for the second, the intensity of which is to be shared between the two

twin components and, ®nally, individual code 2 re¯ections associated

exclusively with the minor twin component. The indices of the

re¯ections in all of these groups were adjusted in the usual manner

for the solution and re®nement of the structure in the standard

setting of the space group P21/c. The nature of the intensity data also

precludes merging and multi-scan absorption correction as part of the

data reduction process, and also creates dif®culties in scaling the data.

These dif®culties combine to limit the re®nement, yielding an R

factor, in this case 0.121, rather higher than would be anticipated for a

re®nement of the usual kind. Also, on completion, this re®nement

revealed residual electron-density features of a peak of 1.28 e AÊ ÿ3

0.10 AÊ from atom Cl1 and a hole of ÿ0.72 e AÊ ÿ3 1.47 AÊ from atom

H10C.

In the absence of any element of atomic number higher than F, the

re®nement of the structure of (II) in the non-centrosymmetic space

group P21 was carried out on merged intensity data. The Flack (1983)

parameter is therefore indeterminate, so the absolute structure could

not be determined.

In all four re®nements, aryl and methyl H atoms were placed in

calculated positions, with CÐH distances of 0.95 and 0.98 AÊ ,

respectively, for (I)±(III), and 0.93 and 0.96 AÊ , respectively, for (IV),

and re®ned with a riding model, with Uiso(H) = 1.2Ueq(C) for aryl H

atoms and 1.5Ueq(C) for methyl H atoms. The orientations of the

methyl groups were also re®ned. The positions of the amide H atoms

of (I), (II) and (IV), and of the hydroxyl H atoms of (I) and (II), were

obtained from difference maps. The amide H atoms of (III) were

initially placed in the manner of aryl H atoms. The coordinates of all

amide H atoms of all four compounds were re®ned, with Uiso(H) =

1.2Ueq(N), and for (III) and (IV) with NÐH distances restrained to

0.88 and 0.86 AÊ , respectively. The hydroxyl groups of (I) and (II)

were idealized with OÐH distances of 0.84 AÊ and re®ned as rigid

bodies, with Uiso(H) = 1.2Ueq(O).

Data collection: COLLECT (Nonius, 1998) for (I), (II) and (III);

SMART (Bruker, 1998) for (IV). Cell re®nement: DENZO (Otwin-

owski & Minor, 1997) and COLLECT for (I), (II) and (III); SAINT

(Bruker, 2000) for (IV). Data reduction: DENZO and COLLECT for

(I), (II) and (III); SAINT for (IV). For all compounds, program(s)

used to solve structure: SHELXS97 (Sheldrick, 1997); programs(s)

used to re®ne structure: SHELXL97 (Sheldrick, 1997); molecular

graphics: ORTEP-3 for Windows (Farrugia, 1997); software used to

prepare material for publication: SHELXL97 and PLATON (Spek,

2003).

The use of the EPSRC X-ray crystallographic service at

Southampton and the valuable assistance of the staff there,

particularly in indexing the intensity data from the twinned

crystal of (I), are gratefully acknowledged.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: GD1371). Services for accessing these data are
described at the back of the journal.
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