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using Weissenberg photographs around one axis, with
scaling by layerwise Wilson plots.
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The Crystal and Molecular Structures of the 1:1 Addition Compounds of Piperidine with

p-Bromobenzoic Acid and p-Chlorobenzoic Acid

By SETSUO KASHINO, YASUSHI SUMIDA AND MASAO HAIsA
Department of Chemistry, Faculty of Science, Okayama University, Tsushima, Okayama, Japan

(Received 6 October 1971 and in revised form 22 November 1971)

The structures of the two 1:1 addition compounds of piperidine with p-bromobenzoic acid,
BrC:H4,CO,H.CsH;N, and with p-chlorobenzoic acid, CIC;H,CO,H.CsH,,N, have been determined
from three-dimensional X-ray diffraction data. Both compounds crystallize in the orthorhombic
space group Pbca with eight formula units in the unit cell. The cell dimensions are: a=10-70, b=27-30,
¢=9-04 A for the p-bromo compound, and a=10-68, b= 2637, c=9-01 A for the p-chloro compound.
The structures were refined by the block-diagonal least-squares method, with anisotropic temperature
factors. The final R values for observed reflexions are 0-086 and 0-123 for the p-bromo and p-chloro
compounds respectively. Both structures are isotypic. The structure is composed of an alternate sequence
of acid and base moieties held together by N+-H-.-O~ hydrogen bonds. The N*-H.-.O~ distance
ranges from 2-67 to 2-76 A. The hydrogen bonds form an infinite chain around the twofold screw axis
parallel to the ¢ axis. These molecular chains are packed intimately by van der Waals forces to make
up a whole crystal. In either compound, the piperidine ring takes a normal chair form, and the carboxyl

group is twisted out of the plane of the benzene ring at an angle of about 8°.

Introduction

The formation of the solid 1:1 and 2:1 addition com-
pounds of benzoic acid and piperidine and those of
some p-substituted benzoic acids and piperidine have
previously been reported (Kashino, 1967; Kashino,
Kanei & Hasegawa, 1971). The infrared spectra of the
1:1 compounds were very similar to those of the cor-
responding sodium benzoates. Thus, it was concluded
that the acid moiety in the 1:1 compounds is almost
fully ionized. However, the symmetric carboxylate
stretching of the adducts showed significantly lower
values of 1385-1375 cm ™! compared with the values of
1427-1406 cm~! for the corresponding sodium ben-
zoates.

It may be desirable to obtain information about the
spatial configuration of individual molecules in these
crystals and more information about the nature of the
bond between the acid and the base components. As a

first step, the crystal structure determinations of the
present compounds were undertaken.

Experimental

The 1:1 addition compound of p-bromobenzoic acid
and piperidine was prepared by dissolving equimolar
quantities of p-bromobenzoic acid and piperidine in
dry benzene. The compound crystallized as transparent
tabular plates having well developed {010}. As the
compound was hygroscopic and gradually decomposed
to its acid and base components, the specimens cut
from larger crystals were sealed in glass capillaries. Two
different crystals with approximate cross-sections of
012 x0-18 mm and 0-10 x0-15 mm were used for the
X-ray analysis, the former for a axis photographs and
the latter for ¢ axis photographs. Using Cu K« radia-
tion (A= 1-5418 A), multiple-film equi-inclination Weis-
senberg photographs were taken for the layers from
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0kl to 6kl and from hkO to hk6. In all, 1300 inde-
pendent reflexions were observed out of about 3000
possible reflexions within the Cu Ka sphere. The inten-
sities were estimated by visual comparison with a cali-
brated intensity scale. The intensities covered a range
of about 11000:1. After Lorentz, polarization, and
spot-shape corrections were made, the intensities of
various layers were put on the same relative scale by
use of all the common reflexions. The relative values
thus obtained were put on an absolute scale by Wilson’s
method. No absorption correction was applied, since
the uR values for the crystals were less than 0-5. In the
course of refinement, the extinction effect became ap-
parent for the reflexions: 060, 0,12,0, 210, 220, 230,
and 400. The extinction effect was eliminated by im-
mersing the crystals in liquid nitrogen.

The unit cell dimensions were determined from zero-
layer Weissenberg photographs of 0k/ and Ak0 using
the reflexions higher than 8 =50° and (Cu Ko;)=1-5405
A the values of a, b, and ¢ calculated from each re-
flexion were plotted against sin? € and extrapolated to
8=90°.

The intensity data of the 1:1 addition compound of
p-chlorobenzoic acid and piperidine were calculated al-
most in the same way as that of the p-bromo compound.
Two different crystals with approximate cross-sections
0-21 x0-29 mm and 0-14 x0-20 mm were used. The
total number of reflexions recorded was 1104, corres-
ponding to about 40% of the reflexions within the
Cu Ku sphere. No correction was made for absorption
and extinction.

The crystallographic data of the two compounds are
given in Table 1.

Structure analysis
p-Bromo compound

From the three-dimensional Patterson map the posi-
tion of the bromine atom could easily be deduced.

Two-dimensional electron-density maps projected
along the a and ¢ axes were calculated on the basis of
the bromine contribution. These maps and the three-
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dimensional Patterson map revealed all sixteen non-
hydrogen atoms in the asymmetric unit. The nitrogen
atom in the piperidine ring was identified by a short
interatomic distance of about 2-8 A from the carboxyl
oxygen. The coordinates of the sixteen atoms were sub-
jected to two-dimensional Fourier refinement. After
a few cycles of this refinement, the discrepancy factor,
R, was 0:309 for all the observed reflexions.

The structure thus deduced was refined by block-
diagonal least-squares methods, first assuming iso-
tropic and then anisotropic thermal motion. Unit
weight was given to all the observed reflexions. The R
index became 0-115. A difference Fourier synthesis at
this stage revealed fourteen hydrogen atoms bonded to
the carbon atoms. However, two hydrogen atoms
which were expected to belong to either the nitrogen
atom or the oxygen atoms could not be located. In the
subsequent refinements, the positional parameters of
the fourteen hydrogen atoms computed by assuming
suitable geometries of the C-H bond (C-H=1-08 A)
and the appropriate isotropic temperature factors, B=
4-0 A2, were introduced. However, the parameters of
the hydrogen atoms were not refined. From this stage
of refinement, the following weighting scheme was
adopted:

Yw=0-0,
yw=1-0,

if Fy< Fpin (=4-0),
imein<FoSFmax (=540)’
and

VW=Fmax/Fo’ if F0>Fmar

Six cycles of calculation with anisotropic thermal pa-
rameters for all non-hydrogen atoms reduced the R in-
dex to 0-098. At this stage, the extinction effect was
eliminated as described in the experimental section.
After three cycles, the R index reached 0-088, and the
shifts in the coordinates and thermal parameters were
less than 0-02¢ and 0-25¢ respectively. The final atomic
parameters and their standard deviations for non-hy-
drogen atoms are given in Table 2 and the final thermal
parameters are listed in Table 3(a).

A composite drawing of the final difference synthesis
is given in Fig. 1 together with the final electron-density

Table 1. Crystal data

BI‘C6H4COZH . C5H1 1 N

CIC¢H4COH . CsH 1N

Formula wt. 2862 241-7

M.p. 120°C i21°C

Crystal system Orthorhombic Orthorhombic

a 10-70+0-03 A 10-68 £0-02 A

b 27-30+0-01 26:37+0-03

c 9:04 +0-01 9:01 £0-02

D 1-44 g.cm™3 1-27 g.cm—3

Dy* 1-44 (25°C) 1-27 (25°C)

Z 8 8

Absent spectra hkO when A is odd hk0Q when h is odd

0k! when k is odd
hO! when [ is odd

Pbhca
459 cm-!

Space group
u for Cu Ka

0k! when k is odd
KOl when [ is odd
Pbca

257 em~!

* Weld pycnometer and liquid paraffin.
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map. All the peaks corresponding to the hydrogen ing the refinement. The peak heights of two hydrogen
atoms were revealed in the difference map, including atoms belonging to the nitrogen atom were, however,
the two hydrogen atoms that could not be located dur- as low as 0-2-0-3 e.A~3. There is no other positive

Table 2. Final positional parameters and e.s.d.’s ( x 10%) for the non-hydrogen atoms
Numbering of atoms as in Fig. 1(a).

p-Bromo compound (X=Br) p-Chloro compound (X=Cl)
x y z x y z
C(1) 4129 (7) 1237 (2) 8419 (8) 4140 9) 1277 (3) 8435 (10)
C(2) 3774 (8) 1619 (3) 9345 (8) 3752 (9) 1660 (3) 9370 (10)
C(3) 4290 (9) 2087 (3) 9268 (9) 4316 (10) 2150 (4) 9300 (11)
C4) 5232 (9) 2166 (3) 8211 (10) 5239 (10) 2228 (3) 8288 (11)
C(5) 5652 (9) 1779 (3) 7276 (10) 5634 (10) 1841 (4) 7314 (11)
C(6) 5081 (8) 1330 (3) 7369 (10) 5087 (9) 1366 (3) 7380 (11)
C(D) 3540 (8) 734 (3) 8513 (9) 3534 (9) 758 (3) 8528 (10)
0O(8) 2791 (6) 663 (2) 9599 (7) 2795 (8) 686 (2) 9574 (8)
(0]¢)] 3791 (5) 411 (2) 7572 (6) 3819 (6) 431 (2) 7536 (8)
X(10) 6026 (1) 2790 (0) 8083 (1) 5946 (3) 2819 (1) 8154 (4)
N(11) 2947 (6) 277 (2) 4713 (7) 2959 (7) 279 (3) 4726 (8)
C(12) 1830 (8) 596 (3) 4713 (9) 1782 (8) 616 (4) 4705 (11)
C(13) 2169 (8) 1144 (3) 4621 (9) 2161 (9) 1169 (4) 4621 (11)
C(14) 2968 (9) 1241 (3) 3253 (9) 2956 (9) 1269 (3) 3241 (11)
C(15) 4133 (8) 916 (3) 3281 (9) 4149 (10) 934 (4) 3265 (12)
C(16) 3774 (8) 374 (3) 3344 (8) 3734 (9) 377 (3) 3333 (11)

Table 3. Final thermal parameters and e.s.d.’s ( x 10%) for non-hydrogen atoms
The anisotropic temperature factor is defined as

exp {— (B11h2 + Ba2k2 + B33l + Br2hk + Bi3hl+ Baskl)}.
(a) p-Bromo compound

Bu B2 B33 b2 B3 B
C) 91 (8) 13 (1) 112 (11) 7(5) —48 (16) 35
C2) 119 (9) 15 (1) 113 (10) 1(5) —5(18) 8 (6)
C(3) 163 (12) 18 (1) 120 (11) -3 (6) -1 (20) -5
C@4) 171 (12) 16 (1) 162 (13) —13 (6) —55(24) 12 (7)
C(5) 126 (11) 27 (2 141 (14) —-10(7) 25 (20) 10 (8)
C(6) 103 (9) 20 (1) 130 (12) 2 (6) —-15(18) -2
C(D 139 (11) 15 (1) 133 (12) 13 (5) —41 (19) 11 (6)
0O(8) 193 (9) 16 (1) 186 (10) —16 (5) 81 (16) —6 (5
0%) 150 (7) 15 (1) 120 (6) 6 (4) —16 (13) -17 (4)
Br(10) 240 (2) 24 (0) 257 (2) —62 (1) =274 23 (1)
N(11) 111 (7) 15 (1) 121 (9) 21 (4 2 (14) -6 (5
C(12) 93 (8) 18 (1) 149 (13) -2(5 7(19) -1
C(13) 120 (10) 16 (1) 136 (12) 22 (5) 8 (19) 3 (6)
C(14) 158 (11) 14 (1) 164 (13) 18 (6) 65 (22) 19 (7)
C(15) 127 (11) 21 (1) 139 (13) 17 (6) 67 (21) 1 ()
C(16) 132 (10) 18 (1) 112 (11) 28 (6) 26 (19) —8(6)
(6) p-Chloro compound
Pu B2 B33 b2 b3 B2

C) 73 (9) 13 (1) 78 (12) 10 (6) —51 (20) 14 (7)
C(2) 107 (12) 9 (1) 83 (12) 6 (6) —4 (21) 1(7)
C@3) 82 (11) 18 (2) 108 (14) -7 —28 (22) 14 (8)
C4) 94 (11) 14 (2) 113 (14) —16 (7) 0 (23) 21 (8)
C(5) 88 (12) 24 (2) 90 (14) —18 (8) —~14 (23) 17 (9)
C(6) 72 (10) 17 2) 68 (12) 2 (6) 21 (20) 16 (8)
(6(@)] 90 (11) 12 (1) 74 (12) 14 (6) —34 (20) 2(
0O(8) 160 (10) 13 (1) 121 (10) —20(5) 67 (18) —18 (6)
0(9) 121 (8) 13 (1) 97 (8) 16 (5) —52(16) 1(6)
CI(10) 176 (4) 19 (0) 191 (5) —58 (3) —-10 (9) 16 (3)
N(11) 73 (8) 12 (1) 74 (10) 15 (5) 30 (16) —1(6)
C(12) 48 (9) 15 (1) 116 (15) 25 (6) 15 (20) 3(8)
C(13) 84 (11) 14 (2) 100 (14) 24 (7) 50 (21) 10 (8)
C(14) 86 (10) 15 (2) 102 (14) 29 (7) 55 (21) 24 (9)
C(15) 103 (12) 15 (2) 161 (18) 18 (7) 65 (27) 50

C(16) 97 (11) 13 (1) 111 (14) 31 (6) 63 (23) 7 (8)
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Fig.1. (@) Composite three-dimensional final electron-density

map for the p-bromo compound projected along the ¢ axis.
Contours are at intervals of 1 e.A-3 starting at 1 e.A-3 for
C, N and O atoms and at intervals of 5 e.A-3 starting at 1
e.A-3 for the Br atom. (b) Composite of the final difference
synthesis for the p-bromo compound. Contours are at
intervals of 0-1 e.A-3 starting at 0-2 e.A-3,

region exceeding 0-2 e.A~3 except for one peak of 0-7
e.A 3, This positive and some negative regions were
associated with the bromine atom. Parameters for the
hydrogen atoms obtained from the difference map are
shown in Table 4. In the final calculation of the struc-
ture factors, these positional parameters were included,
and the isotropic temperature factors, B =4-0 A2, were
assumed for all the hydrogen atoms. The final R index
was 0-086 for all the observed reflexions. The observed
and calculated structure factors are listed in Table 5(a).
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Table 4. Hydrogen-atom coordinates in the p-bromo
compound obtained from the final difference map

[Fig. 1(b)]
(Numbering of atoms as in Fig. 1(b)).

x y z
H(17) 0-3131 0-1524 1-0155
H(18) 0-4115 0-2388 1-0041
H(19) 0-6259 0-1818 0-6464
H(20) 0-5358 0-1032 0-6729
H(21) 0-3475 0-0333 0-5892
H(22) 0-2723 —0-0063 0-4709
H(23) 0-1259 0-0491 0-5542
H(24) 0-1212 0-0535 0-3805
H(25) 0-2642 0-1246 0-5339
H(26) 0-1396 0-1358 0-4502
H(27) 0-3199 0-1641 0-3263
H(28) 0-2421 0-1148 0-2212
H(29) 0-4760 0-1023 0-4170
H(30) 0:4576 0-1006 0-2441
H@A3)) 0-4654 0-0174 0-3459
H(32) 0-3115 0-0250 0-2397

p-Chloro compound

An approximate structure of the p-bromo compound
was of great help in the structure determination of the
p-chloro compound. The procedure of the structure re-
finement of the p-chloro compound was almost the
same as that of the p-bromo compound. From the
three-dimensional Patterson map of the p-chloro com-
pound, approximate positional parameters for all the
non-hydrogen atoms could be deduced. After several
cycles of least-squares refinement with isotropic ther-
mal parameters, the R index was 0-204. The positional
corrections for several carbon atoms in the piperidine
ring were made on the basis of a three-dimensional
difference map. Several subsequent cycles of refinement
with anisotropic thermal parameters for the chlorine
and the oxygen atoms lowered the R index to 0-135.
Five cycles of calculation with anisotropic thermal pa-
rameters for all non-hydrogen atoms reduced the R in-
dex to 0123 for all the observed reflexions. At this
stage, the shifts in the coordinates and thermal param-
eters were less than 0-3¢ and 0-60 respectively, and the
refinement was terminated. The weighting scheme was
almost the same as that for the p-bromo compound,
but here F,,, was 40-0. The final atomic parameters
and their standard deviations are given in Table 2 and
the final thermal parameters are listed in Table 3(b).
The observed and calculated structure factors are listed
in Table 5(b).

The atomic scattering factors used in the calculation
were those of Hanson, Herman, Lea & Skillman (1964).
The numerical calculations were performed mainly on
the HITAC 5020E computer of the Computer Center
of the University of Tokyo, and partly on the FACOM
230-60 computer of the Computer Center of Kyoto
University and the NEAC 2203 computer of this Uni-
versity. Main programs used were:

Patterson synthesis by Yasuoka,

Structure factors and Fourier synthesis (RSSFR 5)
by Sakurai (1968),
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Table 5. Observed and calculated structure factors ( x 10)

(a) The p-bromo compound.
Unobserved reflexions are marked with an asterisk.
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Table 5 (cont.)

(b) The p-chloro compound.

Unobserved reflexions are omitted.

KM K KFP K KPP P KFP KK KM K EKP rC
"o, Na3, Lol ®o .13 17
183 1 3% au Fregit ST R )
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s 01 -128 21 1l -101 2% 1% 135 413 37
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f'vy 3 % 27 el 3 0 e 7 399 -2
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Least-squares calculation (HBLS 4) by Okaya &
Ashida (1967), and
Bond lengths and angles (RSDA 4) by Sakurai (1967).

Description and discussion of the structure

Bond lengths and angles of the two compounds are
given in Tables 6 and 7, together with standard devia-
tions. The molecular geometry is illustrated in Fig. 2.
The projections of the crystal structure along the ¢ and
a axes are shown in Fig. 3.
From Table 6 and Fig. 2 it may be seen that the struc-
tures of the present two compounds are isotypic.
The two hydrogen bonds of nearly equal length (cf.
Figs. 2 and 3) link the nitrogen atom of piperidine with
the carboxyl oxygen atoms to form a helical hydrogen
bond chain, in which each oxygen atom accepts one
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Table 6. Bond lengths and e.s.d.’s (A)

C(1)-C(2)
C(2)-C(3)
C(3)-C(4)
C(4)—C(5)
C(5)-C(6)
C(6)-C(1)
C(H-C(7)
C(7)-0(8)
C(7)-0(9)
C(4)—X(10)
N(11)-C(12)
N(11)-C(16)
C(12)—C(13)
C(13)-C(14)
C(14)—C(15)
C(15)-C(16)

p-Bromo
compound
(X=Br)
1-389 (i1)
1-392 (12)
1-405 (14)
1-426 (14)
1-373 (13)
1-414 (11)
1-514 (12)
1-281 (11)
1255 (11)
1:910 (10)
1-478 (10)
1-544 (11)
1-:543 (12)
1:526 (13)
1-529 (13)
1:531 (13)

p-Chloro
compound
(X=CI)
1-380 (14)
1-428 (14)
1-356 (14)
1-414 (15)
1-384 (14)
1-406 (14)
1-520 (14)
1-238 (13)
1-277 (12)
1735 (11)
1-539 (12)
1-526 (12)
1-515 (14)
1-529 (14)
1-552 (15)
1-536 (15)
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Table 7. Bond angles and e.s.d.’s

p-Bromo p-Chloro

compound compound

(X=Br) (X=CI)

C(1)—C(2)—C@3) 123-4 (8)° 120-5 (9)°
C(2)—C(3)—C(4) 117-2 (9) 1184 (9)

C(3)—C(4)—C(5) 121:1 (9) 121-7 (10)

C(4)—C(5)—C(6) 118-9 (9) 120-0 (10)
C(5)—C(6)—C(1) 121:5 (8) 119-0 (9)
C(6)—C(1)—C(2) 117-8 (7) 120-5 9)
C(3)—C(4)—X(10) 119-9 (7) 120-0 (8)
C(5)—C(4)—X(10) 119:0 (7) 118-4 (8)
C(2)—C(1)—C(7) 122:3 (7) 1199 (9)
C(6)—C(1)—C(7) 119:9 (7) 119-7 (8)
C(1)—C(7)—O(8) 1161 (7) 1167 (9)
C(1)—C(NH—0(9) 120-8 (8) 117-7 (8)
O(8)—C(7)—0(9) 123-2 (8) 1256 (9)
N(11)-C(12)—C(13) 112-4 (7) 109-8 (8)
C(12)-C(13)-C(14) 110:0 (7) 110-8 (8)
C(13)-C(14)-C(15) 110-1 (7) 110-3 (8)
C(14)—-C(15)-C(16) 110-9 (7) 108-0 (9)
C(15)-C(16)-N(11) 1099 (7) 110-5 (8)
C(16)-N(11)-C(12) 111-2 (6) 1097 (7)

hydrogen bond. From Fig. 3 it may be seen that these
two hydrogen bonds arrange the molecules around the
twofold screw axis along the ¢ axis.

As shown in Fig. 2, the nitrogen atom is nearly te-
trahedrally surrounded by the two carboxyl oxygen
and two ring carbon atoms.

The environments of the two oxygen atoms are dif-
ferent; bond angle C(7)-O(9)-N(11) deviates consider-
ably from regular tetrahedral angle (131 or 132°), but
the angle C(7')~0(8')-N(11) is approximately tetrahe-
dral (111 or 112°). Corresponding to this difference, the
hydrogen bond length between O(8") and N(11) is sig-
nificantly shorter than that between O(9) and N(I11).

Most bond lengths of N+*-H.--O~ hydrogen
bonds are in the range of 2-8-2:9 A (Pimentel & Mc-
Clellan, 1960). The hydrogen bond lengths in ammo-
nium trifluoroacetate have been found to be 2:87, 2:89,
291 and 292 A (Cruickshank, Jones & Walker, 1964).

o O O
cC N

BrCsH,CO,H.CsH;;N AND CIC(H,CO,H.C;H;;N

Furthermore, Nahringbauer (1967) has found in am-
monium acetate four N*-H- - -O~ hydrogen bonds of
approximately the same length (2-804, 2-808, 2-:824 and
2:830 A). The hydrogen bonds in the present com-
pounds (2:687 or 2:674 A and 2:762 or 2:722 A) are
significantly shorter than these values. N*-H...O-
hydrogen bonds shorter than 2:8 A have been found in
several cases, for example, f-glycylglycine (2:68 A) by
Hughes & Moore (1949), bL-z-aminocaproic acid (2:73
A) by Mathieson (1953), and hexamethylenediammoni-
um adipate (2:72 and 2-75 A) by Hirokawa, Ohashi &
Nitta (1954).

Although no N-H bond lengths could be determined
precisely, the approximate bond lengths N(11)-H(21)
and N(11)-H(22) obtained from the difference map of the
p-bromo compound were 1:22 and 0-96 A respectively.

In the infrared spectra of the present compounds, no
band characteristic of an un-ionized carboxyl group is
observed (Kashino, Kanei & Hasegawa, 1971). Thus
it may be concluded that the present compounds are
composed of piperidinium cations and p-bromo- (or p-
chloro-)benzoate anions, and the possible hydrogen
bonds are of the type N+-H...O",

In the p-bromo compound the C(7)-O(9) bond is
slightly shorter than the C(7)-O(8) bond, while in the
p-chloro compound the C(7)-O(9) bond is rather longer.
Thus, the difference in the two C-O bond lengths does
not appear to be significant.

The mean value over the two compounds of the C-C
bond lengths in the benzene ring is 1:398 A, very
close to the accepted value of 1:395 A (International
Tables for X-ray Crystallography, 1962). The bond
length C(1)-C(7) is 1:514 or 1-520 A and therefore
is significantly shorter compared with the standard
single-bond value of 1:54 A, but is longer than that ob-
served in benzoic acid, 148 A (Sim, Robertson &
Goodwin, 1955). The observed aromatic C-Br distance
of 1-910 A is slightly longer than the normally accepted
value of 1:85 A (International Tables for X-ray Crystal-

O BrorCl

Fig.2. Bond lengths (A) and angles (°). The upper values are for the p-bromo compound, the lower ones for the p-chloro compound.
Covalent bonds are filled and open bonds represent hydrogen bonds.



SETSUO KASHINO, YASUSHI SUMIDA AND MASAO HAISA 1381

lography, 1962). Such a value has been observed in 3-
(p-bromophenyl)phthalide, 1921 A (Kalyani & Vi-
jayan, 1969). The observed aromatic C-Cl distance of
1-735 A is also longer than the accepted value of 1-70
A. In fact, a C—-Cl distance as long as 1-741 A has been

observed in potassium hydrogen di-p-chlorobenzoate
(Mills & Speakman, 1963).

The average bond lengths in the piperidine ring in
both compounds are 1-521 A for the C-N bonds and
1533 A for the C-C bonds, slightly longer than those

l

== - —— =

-b/4

74

()

Fig.3. (a) The projection of the crystal structure along the ¢ axis. (b) The projection of the crystal structure along the a axis. The
notation is the same as in Fig. 2.
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observed in piperidine hydrochloride (C-N:"1-4977A,
C-C: 1-505 A) by Rérat (1960). The deviations from
the tetrahedral value of the bond angles in the piper-
idine ring are not significant.

The least-squares planes are listed in Table 8. The
benzene ring is substantially planar. The atom CI(10)
in the p-chloro compound is within plane (1) through
the benzene ring, while the atom Br(l10) in the
p-bromo compound appears to deviate significantly

BrC¢H,CO,H.C;H;;N AND CIC¢H,CO,H.C;H;;N

from plane (1). In either compound, the atom C(7)
is within plane (1), but the atoms O(8) and O(9)
are significantly off the plane; plane (2) through
C(7), O(8) and O(9) is twisted with respect to plane
(1) by an angle of 7-9 or 7-3°. The same kinds of twists
have been found in potassium hydrogen di-p-nitroben-
zoate, 5° (Shrivastava & Speakman, 1961) and in po-
tassium hydrogen di-p-chlorobenzoate, 9° (Mills &
Speakman, 1963).

Table 8. Least-squares planes

(@) Least-squares planes

Each plane is represented by IX+mY+nZ=p, where X, Y, Z are Cartesian coordinates in A, refered to the axes a, b, c.

(1) The best plane through the
benzene ring

(2) The best plane through
C(7), O(8), 0O9)

(3) The best plane through
C(12), C(13), C(15), C(16)

p-Bromo p-Chloro p-Bromo p-Chloro p-Bromo p-Chloro
compound compound compound compound compound compound
(X=Br) (X=Ch
) 0-6881 0-6858 l 0-7656 0-7562 I} 0-4859 0-4800
m —0-2729 —0-2860 m —-0-3102 —0-3235 m —0-0809 —0-0984
n 0-6723 0:6693 n 0-5637 0-5688 n 0-8703 0-8717
D 7-2402 7-1473 p 6-6161 6-5763 D 4-5190 4-4404
Deviation (A) Deviation (A) Deviation (A)
C(1) —0-005 0-006 C(n 0-000 0-000 C(12) 0-009 0-008
C(2) 0-012 —0-004 O(8) 0-000 0-000 C(13) —0-009 —0-008
C(3) —0-004 —0-002 0(9) 0-000 0-000 C(15) 0-009 0-008
C@4) —0-011 0-004 C(16) —0-009 —0-008
C(5) 0-018 —0-002
C(6) —0-011 —0-003
Distance from the above plane (A) Distance from the above plane (A)
X(10) 0-031 —0-004 N(11) 0-660 0-715
C@@) —0-006 0-010 C(14) —0-691 -0-710
O(8) 0-155 0-153
0(9) —0-153 —0-133
(b) Dihedral angle between the planes (1) and (2): p-bromo compound: 7-9°; p-chloro compound: 7:3°.
Table 9. Intermolecular distances with their e.s.d.’s in parentheses
p-Bromo p-Chloro
From To Of Trans- compound compound
molecule I atom molecule lation (X=Br) (X=Cl)
(a) Hydrogen bonds
0(8) N(11) 1v 000 2:687 (8) A 2:674 (10) A
0O(9) N(11) I 000 2:762 (9) 2:722 (11)
(b) Other distances less than 3-6 A
X(10) C(14) I 001 3574 (9)A 3459 (1D A
0(8) C(12) v 000 3-462 (9) 3-466 (12)
0(8) C(16) v 000 3:479 (10) 3-431 (12)
0(9) C(12) 1 000 3-367 (11) 3-387 (13)
0(9) C(12) v 000 3:426 (9) 3-443 (12)
0O(9) C(16) v 000 3-551 (12) 3-533 (12)
0(9) N(11) v 000 3:275 (9) 3-318 (10)
09) C(16) v 101 3-473 (11) 3-461 (12)
C(6) C(13) VIII 001 3-556 (13) 3-532 (15)
Cc) N(11) v 000 3365 (10) 3:345 (12)
Key to molecules .
I. x, »y z I: 3+x, 34—y, —z IV: }—x, =y, 14z
Vi —x, -y, —z VIII: t+x, y,i-2z

x, y, and z are the fractional coordinates of atoms given in Table 2.



SETSUO KASHINO, YASUSHI SUMIDA AND MASAO HAISA

The distances from the plane (3) through C(12),
C(13), C(15) and C(16) to the atoms N(11) and C(14)
are shown in Table 8. In either compound, the atom
N(11) deviates upward from the plane (3), while the
atom C(14) deviates downward from the plane by al-
most the same distance. Thus, the piperidine ring takes
a normal chair form.

The intermolecular distances less than 3-6 A are
listed in Table 9, and some of these are shown in Fig.
3. All the intermolecular contacts except for the two
N*-H...O~ hydrogen bonds correspond to normal
van der Waals distances.

The cell dimensions of the present two compounds
are very similar, but the lattice constant b for the p-
bromo compound (27-30 A) is significantly greater than
that for the p-chloro compound (26-37 A). It can be
shown that the contact between X(10) of molecule
1(000) and C(14) of molecule II(001) is responsible for
this difference.

The authers wish to thank Dr Noritake Yasuoka of
Osaka University for the use of his computer program.
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Structure des Orthofluoroberyllates de Lithium MLiBeF,

PAR J.LE RoY ET S. ALEONARD

Laboratoire d’Electrostatique et de Physique du Métal, C.N.R.S., Cédex 166, Laboratoire
de Diffraction Neutronigue, C.E.N.-G., 38-Grenoble-Gare, France

(Regu le 5 novembre 1970)

The structures of the three orthofluoroberyllates, KLiBeFs (hexagonal system, space group P63,
Z =2), NH4LiBeF, (orthorhombic system, space group Pc2in, Z=4) and CsLiBeF; (monoclinic
system, space group P2;/n, Z =4) have been studied by neutron diffraction. For the three com-
pounds, parameters for the different ions and interatomic distances are tabulated. This work shows how
the introduction of the ions NHZ} and Cs* modifies the tridymite structure of KLiBeF,.

Introduction

Dans une précédente note (Le Roy & Aléonard, 1970),
nous avons signalé I’existence de la série d’orthofluoro-
béryllates MLiBeF, avec M=K, Rb, Tl, NH, et Cs.
Nous avons donné leurs constantes de mailles et leur
groupe spatial:

— Les orthofluorobéryllates de K, Rb et Tl cristalli-
sent dans le systtme hexagonal (groupe spatial P6,,
Z=2)avecavariantde 5,072 522 Aetcde8,5628,76 A.

— Le composé de ’'ammonium a une maille ortho-

AC28B-5

rhombique pseudohexagonale (groupe spatial Pc2;n,
Z=4), dont les constantes sont reliées aux précédentes
par:

Aorth '7é ahex'l/3
borlh 7é bhex

Corth = Chex +

- Lesel de césium a une maille monoclinique (groupe
spatial P2,/n, Z=4), analogue a la précédente, mais
avec un angle y 1égérement inférieur a 90°.



