-

View metadata, citation and similar papers at core.ac.uk brought to you byfz CORE

provided by Queensland University of Technology ePrints Archive

electronic reprint

Acta Crystallographica Section E
Structure Reports
Online

ISSN 1600-5368
Editors: W.T.A. Harrison, J. Simpson and M. Weil

4-Carbamoylpiperidinium 5-nitrosalicylate

Graham Smith and Urs D. Wermuth

Acta Cryst. (2011). E67, 0122

This open-access article is distributed under the terms of the Creative Commons Attribution Licence
http://creativecommons.org/licenses/by/2.0/uk/legalcode, which permits unrestricted use, distribution, and

reproduction in any medium, provided the original authors and source are cited.
m

Acta Crystallographica Section E
Structure Reports
Online

E R G T Acta Crystallographica Section E: Structure Reports Online is the IUCr’s highly popu-
lar open-access structural journal. It provides a simple and easily accessible publication
mechanism for the growing number of inorganic, metal-organic and organic crystal struc-
ture determinations. The electronic submission, validation, refereeing and publication
facilities of the journal ensure very rapid and high-quality publication, whilst key indica-
tors and validation reports provide measures of structural reliability. In 2007, the journal
published over 5000 structures. The average publication time is less than one month.

Crystallography Journals Online is available from journals.iucr.org

Acta Cryst. (2011). E67, 0122 Smith and Wermuth - CgH 3N, OT-C7H4NO5~


https://core.ac.uk/display/10902298?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://journals.iucr.org/e/
http://dx.doi.org/10.1107/S1600536810050129
http://creativecommons.org/licenses/by/2.0/uk/legalcode
http://journals.iucr.org/e/
http://journals.iucr.org

organic compounds

Acta Crystallographica Section E
Structure Reports
Online

ISSN 1600-5368

4-Carbamoylpiperidinium 5-nitro-
salicylate

Graham Smith* and Urs D. Wermuth

Faculty of Science and Technology, Queensland University of Technology, GPO Box
2434, Brisbane, Queensland 4001, Australia
Correspondence e-mail: g.smith@qut.edu.au

Received 29 November 2010; accepted 30 November 2010

Key indicators: single-crystal X-ray study; T = 200 K; mean o(C—C) = 0.002 A;
R factor = 0.040; wR factor = 0.092; data-to-parameter ratio = 12.9.

In the crystal structure of the title compound, CsH;3N,O--
C;H,NOs™, the isonipecotamide cations and the 5-nitro-
salicylate anions form hydrogen-bonded chain substructures
through head-to-tail piperidinium—carboxylate N—H---O
hydrogen bonds and through centrosymmetric cyclic head-
to-head amide-amide hydrogen-bonding associations [graph
set R3(8)]. These chains are cross-linked by amide—carboxylate
N—H---O and piperidinium-nitro N—H---O associations,
giving a sheet structure.

Related literature

For structural data on isonipecotamide salts, see: Smith et al.
(2010); Smith & Wermuth (2010a,b,¢,d). For structures of 5-
nitrosalicylates, see: Smith ef al. (2005). For hydrogen-bonding
graph-set and motif classification, see: Etter et al. (1990); Allen
et al. (1998).
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Experimental

Crystal data

C4H,3N,0"-C;H,NOs™ V = 144422 (15) A®
M, =311.30 Z=4

Monoclinic, P2, /n Mo Ka radiation

a =15.0442 (10) A w=012mm™"
b=55851(3) A T =200K

¢ =17.1939 (10) A 0.40 x 0.25 x 0.16 mm
B = 91.466 (6)°

Data collection

Oxford Diffraction Gemini-S CCD-
detector diffractometer
Absorption correction: multi-scan
(CrysAlis PRO; Oxford
Diffraction, 2010)
Tnin = 0.912, Tpax = 0.980

9191 measured reflections
2833 independent reflections
1850 reflections with I > 20(1)
Rin = 0.031

Refinement

R[F? > 20(F?)] = 0.040
wR(F?) = 0.092
§=095

2833 reflections

219 parameters

H atoms treated by a mixture of
independent and constrained
refinement

ApPmax = 0.11 ¢ A’1

APmin = —017 e A7

Table 1 .

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H---A
N1A—HI1A---012' 100 (2) 171 (2) 2688 (2) 164.2 (18)
N1A—HI124---011 _ 095(2) 180 (2) 2747 (2) 173.9 (17)
N4IA—H41A---052"  083(2) 239(2) 3216(2) 170.8 (19)
N4IA—H42A.--041A% 099 (2) 191 (2) 2873 (2) 164.8 (18)
02—H2---012 096 (2)  158(2) 24897 (18) 156 (2)

Symmetry codes: (i) x,y + 1, z; (ii) x +3, —y +3, 2 + % (iii) —x+ 1, —y, —z + 2.

Data collection: CrysAlis PRO (Oxford Diffraction, 2010); cell
refinement: CrysAlis PRO; data reduction: CrysAlis PRO,;
program(s) used to solve structure: SIR92 (Altomare et al., 1994);
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008)
within WinGX (Farrugia, 1999); molecular graphics: PLATON
(Spek, 2009); software used to prepare material for publication:
PLATON.

The authors acknowledge financial support from the
Australian Research Council, the Faculty of Science and
Technology and the University Library, Queensland Univer-
sity of Technology, and the School of Biomolecular and
Physical Sciences, Griffith University.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: BT5426).
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G. Smith and U. D. Wermuth

Comment

The structures of a number of salts of the amide piperidine-4-carboxamide (isonipecotamide, INIPA) with a range of
carboxylic acids, mainly aromatic, are now known (Smith & Wermuth, 2010a, 20105, 2010c¢, Smith & Wermuth, 2010d,;
Smith ef al., 2010). The title compound CeH; 3N20+ C7H4NOs5™ (I) was obtained from the 1:1 stoichiometric reaction of

S-nitrosalicylic acid with INIPA in methanol and the structure is reported here.

In (I) (Fig. 1) the cations and anions form hydrogn-bonded chain substructures through head-to-tail piperidinium

N—H-*Ocarboxyl hydrogen bonds and through centrosymmetric cyclic head-to-head amide—amide hydrogen-bonding asso-

ciations [graph set R22(8) (Etter ez al., 1990)]. These chains are cross linked by amide N—H-*Ocarboxyl and piperidinium
N—H"-Ojro associations to giving a two-dimensional sheet structure (Fig. 2). The amide-amide dimer association [the

'amide motif' (Allen ef al., 1998)] is relatively common among the INIPA salts (Smith & Wermuth, 2010b; Smith ef al.,
2010).

The 5-nitrosalicylate anions are essentially planar [torsion angles for the carboxyl group (C2-C1-C11-011), 178.30 (16)°
and the nitro group (C4—C5-N5-052), -175.57 (16)°], which is the usual conformation for this anion in its proton-transfer
compounds (Smith et al., 2005).

Experimental

The title compound was synthesized by heating together under reflux for 10 minutes, 1 mmol quantities of piperidine-4-car-
boxamide (isonipecotamide) and 5-nitrosalicylic acid in 50 ml of methanol. After concentration to ca 30 ml, partial room
temperature evaporation of the hot-filtered solution gave pale yellow prisms of the title compound from which a specimen

was cleaved for the X-ray analysis.

Refinement

Hydrogen atoms involved in hydrogen-bonding interactions were located by difference methods and their positional and
isotropic displacement parameters were refined. Other H-atoms were included in the refinement at calculated positions using
a riding-model approximation [C—H = 0.93-0.98 A] and with U;so(H) = 1.2 Ueq(O).

Figures

Fig. 1. Molecular configuration and atom naming scheme for the INIPA cation and the 5-ni-
trosalicylate anion in (I). The inter-species hydrogen bond is shown as a dashed line and dis-
placement ellipsoids are drawn at the 40% probability level.
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Fig. 2. The hydrogen-bonded chain substructures in (I) showing the cyclic R22(8)

amide—amide and cation—anion associations. Non-associative H atoms are omitted and hydro-
gen bonds are shown as dashed lines. For symmetry codes, see Table 1.

4-carbamoylpiperidine 2-hydroxy-5-nitrobenzoate

Crystal data

CeH 3N,0"C7H4NO5~
M,=311.30
Monoclinic, P2 /n

Hall symbol: -P 2yn
a=15.0442 (10) A
b=5.5851(3) A
c=17.1939 (10) A

B =91.466 (6)°
V=1444.22 (15) A3
Z=4

Data collection

Oxford Diffraction Gemini-S CCD-detector
diffractometer

Radiation source: Enhance (Mo)X-ray source
graphite

Detector resolution: 16.077 pixels mm’!
® scans

Absorption correction: multi-scan
(CrysAlis PRO; Oxford Diffraction, 2010)

Tmin = 0.912, Tax = 0.980
9191 measured reflections

Refinement

Refinement on F>

Least-squares matrix: full

R[F? > 20(F?)] = 0.040
WR(F?) = 0.092
§=0.95

2833 reflections

F(000) =656

Dy=1432Mgm >

Melting point: 463 K

Mo Ka radiation, A =0.71073 A

Cell parameters from 3270 reflections
0=3.6-28.7°

p=0.12mm"'

T=200K

Prism, pale yellow

0.40 x 0.25 x 0.16 mm

2833 independent reflections
1850 reflections with 7> 20(/)
Rin:=0.031

Omax = 26.0°, Opyin = 3.6°

h=-18—18
k=—6—6
[=-12-21

Primary atom site location: structure-invariant direct

methods

Secondary atom site location: difference Fourier map
Hydrogen site location: inferred from neighbouring

sites

H atoms treated by a mixture of independent and

constrained refinement

w = 1/[6%(Fy2) + (0.0486P)°]
where P = (F,2 + 2F )3
(AG)max < 0.001
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219 parameters Apmax =0.11 ¢ A7
0 restraints Apmin=-0.17¢ A
Special details

Geometry. Bond distances, angles etc. have been calculated using the rounded fractional coordinates. All su's are estimated from the
variances of the (full) variance-covariance matrix. The cell e.s.d.'s are taken into account in the estimation of distances, angles and tor-
sion angles

Refinement. Refinement of 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F?, convention-
al R-factors R are based on F, with F set to zero for negative F?. The threshold expression of F> G(Fz) is used only for calculating R-

factors(gt) efc. and is not relevant to the choice of reflections for refinement. R-factors based on F? are statistically about twice as large
as those based on F, and R- factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (/f2 )

X y z Uiso*/Ueq
O41A 0.44900 (9) 0.0250 (2) 0.90133 (7) 0.0575 (5)
NIA 0.39663 (10) 0.5656 (3) 0.69549 (9) 0.0452 (6)
N41A 0.54984 (11) 0.2658 (4) 0.96084 (10) 0.0480 (6)
C2A 0.49383 (12) 0.5253 (3) 0.70538 (12) 0.0545 (7)
C3A 0.51390 (12) 0.3391 (3) 0.76686 (10) 0.0516 (7)
C4A 0.47324 (11) 0.4101 (3) 0.84420 (9) 0.0423 (6)
C5A 0.37359 (11) 0.4529 (3) 0.83207 (10) 0.0451 (6)
C6A 0.35478 (11) 0.6369 (3) 0.76956 (10) 0.0463 (6)
C41A 0.48930 (12) 0.2177 (3) 0.90488 (10) 0.0435 (6)
02 0.40541 (10) —0.1530 (2) 0.42604 (8) 0.0605 (5)
011 0.32739 (8) 0.1529 (2) 0.63160 (7) 0.0507 (4)
012 0.39253 (9) —0.1469 (3) 0.57010 (7) 0.0600 (5)
051 0.16400 (10) 0.7176 (3) 0.34253 (8) 0.0729 (6)
052 0.17024 (9) 0.7584 (2) 0.46713 (8) 0.0562 (5)
N5 0.19077 (10) 0.6528 (3) 0.40756 (9) 0.0510 (6)
Cl 0.32654 (11) 0.1565 (3) 0.49283 (9) 0.0388 (6)
2 0.35489 (12) 0.0445 (3) 0.42422 (10) 0.0460 (6)
C3 0.32936 (13) 0.1368 (4) 0.35198 (10) 0.0550 (7)
C4 0.27649 (13) 0.3354 (4) 0.34625 (10) 0.0529 (7)
C5 0.24816 (11) 0.4452 (3) 0.41392 (9) 0.0423 (6)
C6 0.27300 (11) 0.3580 (3) 0.48665 (9) 0.0396 (6)
Cl1 0.35061 (12) 0.0510 (3) 0.57113 (10) 0.0443 (6)
H4A 0.50110 0.55900 0.86250 0.0510*
HI11A 0.3874 (12) 0.689 (4) 0.6540 (12) 0.065 (6)*
HI2A 0.3699 (12) 0.422 (4) 0.6763 (11) 0.063 (6)*
H21A 0.52260 0.67460 0.72000 0.0650*
H22A 0.51770 0.47330 0.65630 0.0650*
H31A 0.57780 0.32230 0.77390 0.0620*
H32A 0.49000 0.18580 0.75010 0.0620*
H41A 0.5753 (13) 0.398 (4) 0.9620 (11) 0.054 (7)*
H42A 0.5568 (13) 0.147 (4) 1.0029 (12) 0.075 (7)*
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H51A
H52A
H61A
H62A
H2
H3
H4
Heé

0.34480
0.34870
0.29100
0.37790
0.4119 (15)
0.34850
0.25970
0.25380

0.30340
0.50710
0.65250
0.79110
—0.184 (4)
0.06260
0.39640
0.43450

Atomic displacement parameters (A’Z )

O41A
NIA
N41A
C2A
C3A
C4A
C5A
C6A
C41A
02
o11
012
051
052
N5

Cl
C2
C3
C4
Cs
Coé
Cl1

Ull

0.0736 (9)
0.0518 (10)
0.0472 (10)
0.0482 (12)
0.0439 (11)
0.0421 (10)
0.0422 (10)
0.0429 (10)
0.0418 (10)
0.0834 (10)
0.0597 (8)
0.0762 (10)
0.0929 (11)
0.0630 (9)
0.0580 (10)
0.0423 (10)
0.0590 (12)
0.0810 (15)
0.0715 (14)
0.0483 (11)
0.0430 (10)
0.0453 (11)

Geometric parameters (4, °)

041A—C41A
02—C2
011—Cl11
012—C11
O51—N5
052—N5
02—H2
NIA—C6A
NIA—C2A
N41A—C41A
NIA—HI2A
NIA—HI11A

U22

0.0473 (8)
0.0467 (10)
0.0463 (10)
0.0624 (13)
0.0576 (12)
0.0420 (10)
0.0580 (11)
0.0561 (11)
0.0454 (11)
0.0489 (8)
0.0621 (8)
0.0563 (8)
0.0800 (11)
0.0544 (8)
0.0546 (10)
0.0414 (10)
0.0407 (10)
0.0528 (12)
0.0585 (12)
0.0438 (11)
0.0457 (10)
0.0505 (11)

1.236 (2)
1.340 (2)
1.243 (2)
1273 (2)
1233 (2)
1.228 (2)
0.96 (2)

1.489 (2)
1.485 (2)
1.335(2)
0.95 (2)

1.00 (2)

0.0540%
0.0540%
0.0560*
0.0560*
0.109 (9)*
0.0660*
0.0630*
0.0470*

U13
~0.0280 (7)
~0.0070 (7)
~0.0208 (8)
0.0056 (9)
~0.0014 (9)
~0.0125 (8)
~0.0066 (8)
~0.0066 (8)
~0.0139 (8)
0.0216 (8)
~0.0002 (6)
0.0024 (7)
~0.0025 (8)
0.0075 (7)
0.0067 (8)
0.0064 (7)
0.0148 (9)
0.0224 (10)
0.0099 (9)
0.0073 (8)
0.0056 (7)
0.0001 (8)

0.81770

0.88050

0.76110

0.78630

0.4809 (14)

0.30700

0.29770

0.53130
U33 U12
0.0500 (8) 0.0056 (7)
0.0368 (9) ~0.0015 (8)
0.0495 (10) 0.0124 (9)
0.0531 (12) 0.0009 (10)
0.0530 (12) 0.0122 (9)
0.0420 (10) 0.0090 (8)
0.0348 (10) 0.0155 (9)
0.0396 (10) 0.0127 (9)
0.0426 (10) 0.0189 (9)
0.0501 (8) ~0.0077 (8)
0.0303 (7) ~0.0163 (7)
0.0474 (8) 0.0017 (8)
0.0455 (8) ~0.0009 (8)
0.0516 (9) ~0.0081 (7)
0.0406 (10) ~0.0209 (9)
0.0331 (10) ~0.0211 (9)
0.0390 (11) -0.0221 (9)
0.0322 (11) ~0.0223 (11)
0.0291 (10) ~0.0264 (11)
0.0352 (10) ~0.0184 (9)
0.0302 (9) ~0.0230 (9)
0.0369 (11) ~0.0208 (9)

C2A—H22A

C2A—H21A

C3A—H31A

C3A—H32A

C4A—H4A

C5A—HS51A

C5A—H52A

C6A—H62A

C6A—H61A

Cl1—C6

Cl—Cl1

Cl—C2

0.9700
0.9700
0.9700
0.9700
0.9800
0.9700
0.9700
0.9700
0.9700

U23
~0.0127 (6)
~0.0078 (8)
~0.0123 (9)
~0.0120 (10)
~0.0134 (10)
~0.0149 (8)
~0.0066 (9)
~0.0080 (9)
~0.0195 (9)
~0.0104 (7)
~0.0097 (6)
~0.0007 (7)
0.0174 (7)
~0.0025 (7)
0.0033 (8)
~0.0067 (8)
~0.0066 (9)
~0.0069 (9)
0.0020 (9)
0.0017 (8)
~0.0079 (8)
~0.0070 (9)

1.386 (2)
1.505 (2)
1.411 (2)
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N41A—H41A
N41A—H42A
N5—C5

C2A—C3A
C3A—C4A
C4A—CS5A
C4A—C41A
C5A—C6A
C2—02—H2
C2A—N1A—C6A
C2A—NI1A—HI12A
C6A—N1A—HI11A
H11A—N1A—HI2A
C6A—NI1A—HI12A
C2A—N1A—HI11A
H41A—N41A—H42A
C41A—N41A—H42A
C41A—N41A—H41A
051—N5—052
O51—N5—C5
052—N5—C5
NIA—C2A—C3A
C2A—C3A—C4A
C3A—C4A—C41A
C5A—C4A—C41A
C3A—C4A—C5A
C4A—C5A—C6A
NIA—C6A—C5A
041A—C41A—N41A
N41A—C41A—C4A
041A—C41A—C4A
NIA—C2A—H21A
NIA—C2A—H22A
C3A—C2A—H21A
C3A—C2A—H22A
H21A—C2A—H22A
C2A—C3A—H32A
C4A—C3A—H31A
C2A—C3A—H31A
C4A—C3A—H32A
H31A—C3A—H32A
C41A—C4A—H4A

C6A—N1A—C2A—C3A
C2A—N1A—C6A—C5A
O51—N5—C5—C4
O51—N5—C5—C6
052—N5—C5—C4
052—N5—C5—C6

0.83 (2)
0.99 (2)

1.448 (2)
1.508 (3)
1.530 (2)
1.527 (2)
1.513 (2)
1.509 (2)

102.4 (13)
112.29 (14)
108.5 (12)
111.8 (12)
106.5 (17)
109.7 (11)
107.8 (11)
122.7 (18)
116.8 (12)
120.1 (13)
122.14 (16)
118.93 (15)
118.93 (14)
111.33 (15)
110.68 (14)
110.79 (14)
110.14 (14)
109.56 (13)
111.69 (14)
110.57 (14)
122.38 (17)
116.62 (16)
120.99 (15)
109.00
109.00
109.00
109.00
108.00
110.00
109.00
110.00
109.00
108.00
109.00

56.83 (19)
-56.01 (18)
45(2)
~174.74 (16)
~175.57 (16)
52(2)

C2—C3
C3—C4
C4—C5
C5—Ceo
C3—H3
C4—H4
C6—Ho6

C5A—C4A—H4A
C3A—C4A—H4A
C4A—C5A—HS52A
C6A—CS5A—HS1A
C4A—C5A—HS1A
C6A—CS5A—HS52A
H51A—C5A—HS52A
H61A—C6A—HG62A
C5A—C6A—H61A
C5A—C6A—HG62A
NIA—C6A—H61A
NIA—C6A—H62A
C2—C1—Cl1
C6—C1—Cl1
C2—C1—C6
02—C2—Cl1
02—C2—C3
C1—C2—C3
C2—C3—C4
C3—C4—C5
N5—C5—C6
C4—C5—C6
N5—C5—C4
Cl1—C6—C5
011—C11—C1
012—C11—Cl1
011—C11—012
C2—C3—H3
C4—C3—H3
C3—C4—H4
C5—C4—H4
Cl1—C6—He6
C5—C6—He6

C6—C1—C2—C3
Cl11—C1—C2—02
Cl11—C1—C2—C3
C2—C1—C6—C5
Cl11—C1—C6—C5
C2—C1—C11—011

1.390 (3)
1.367 3)
1.392 (2)
1.385 (2)
0.9300
0.9300
0.9300

109.00
109.00
109.00
109.00
109.00
109.00
108.00
108.00
110.00
110.00
109.00
110.00
120.22 (15)
120.82 (14)
118.90 (15)
121.94 (15)
118.03 (16)
120.02 (16)
120.82 (17)
119.17 (16)
119.77 (14)
121.25 (16)
118.98 (15)
119.84 (15)
120.16 (15)
115.81 (15)
123.99 (16)
120.00
120.00
120.00
120.00
120.00
120.00

0.2 (3)
-1.8(3)
177.28 (17)
0.2(2)
~176.88 (16)
178.30 (16)
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NIA—C2A—C3A—C4A
C2A—C3A—C4A—C5A
C2A—C3A—C4A—C41A
C5A—C4A—C41A—041A
C5A—C4A—C41A—N41A
C3A—C4A—C41A—041A
C3A—C4A—C5A—Co6A
C41A—C4A—C5A—C6A
C3A—C4A—C41A—N41A
C4A—C5A—C6A—NIA
C6—C1—C2—02

Hydrogen-bond geometry (4, °)
D—H-4

NIA—H11A-012!
NIA—HI12A--011
N41A—H41A--0521

N41A—H42A--041 Al
02—H2--012

C2A—H22A--02"Y
C6A—H61A--011"
C6A—H62A-041A!

~56.37 (19)
55.43 (18)
177.15 (14)
49.2 (2)
~132.02 (17)
~72.2(2)
~55.62 (18)
~177.72 (14)
106.61 (18)
55.72 (18)
~178.84 (16)

D—H
1.00 (2)
0.95 (2)
0.83 (2)
0.99 (2)
0.96 (2)
0.97
0.97
0.97

C2—C1—C11—012
C6—C1—C11—011
C6—C1—C11—012
02—C2—C3—C4
Cl1—C2—C3—C4
C2—C3—C4—C5
C3—C4—C5—N5
C3—C4—C5—Co6
N5—C5—C6—Cl1
C4—C5—C6—Cl1

171 2)
1.80 (2)
239 (2)
1.91 (2)
1.58 (2)
2.57
2.60
2.58

2.688 (2)
2.747 (2)
3.216 (2)
2.873 (2)
2.4897 (18)
3.450 (2)
3.263 (2)
3.417 (2)

-3.8(2)
-47(3)
173.26 (16)
178.81 (18)
-0.3(3)

0.0 (3)
~178.83 (17)
0.4 (3)
178.76 (15)
-0.5(3)

DA
164.2 (18)
173.9 (17)
170.8 (19)
164.8 (18)
156 (2)
150

126

145

Symmetry codes: (i) x, y+1, z; (it) x+1/2, =y+3/2, z+1/2; (iil) —x+1, =y, —z+2; (iv) —x+1, =y, —z+1; (v) —x+1/2, y+1/2, —z+3/2.

sup-6



supplementary materials

Fig. 1

041A
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Fig. 2

sup-8



