
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

Crystal Structures of 4-Methyl-1-(3,4,4-trichloro-1-cyclohexylsulfanyl-2-
nitro-buta-1,3-dienyl) Piperidine and 4-(3,4,4-Trichloro-1-decylsulfanyl-2-
nitro-buta-1,3-dienyl) Morpholine and Spectroscopic Properties
Gökşin Aydınlıa; Çiğdem Sayıla; Cemil İbişa

a Department of Chemistry, Faculty of Engineering, Istanbul University, Avcılar-İstanbul, Turkey

Online publication date: 19 January 2010

To cite this Article Aydınlı, Gökşin , Sayıl, Çiğdem and İbiş, Cemil(2010) 'Crystal Structures of 4-Methyl-1-(3,4,4-trichloro-
1-cyclohexylsulfanyl-2-nitro-buta-1,3-dienyl) Piperidine and 4-(3,4,4-Trichloro-1-decylsulfanyl-2-nitro-buta-1,3-dienyl)
Morpholine and Spectroscopic Properties', Spectroscopy Letters, 43: 1, 44 — 50
To link to this Article: DOI: 10.1080/00387010903261131
URL: http://dx.doi.org/10.1080/00387010903261131

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387010903261131
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Crystal Structures of 4-Methyl-1-
(3,4,4-trichloro-1-cyclohexylsulfanyl-
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ABSTRACT 4-Methyl-1-(3,4,4-trichloro-1-cyclohexylsulfanyl-2-nitro-buta-1,

3-dienyl) piperidine (2a) and 4-(3,4,4-trichloro-1-decylsulfanyl-2-nitro-buta-

1,3-dienyl) morpholine (3b) were synthesized, and their crystal structures

were determined. The compound 2a is monoclinic, with space group

P21=n, a¼ 13.2874(8), b¼ 9.7584(4), c¼ 15.9479(9) Å, b¼ 109.110(3)�.

V¼ 1953.91(18) Å3, Z¼ 4. The cyclohexyl and piperidine rings adopt chair

conformation. The compound 3b is monoclinic, with space group P 1

21=c 1, a¼ 15.7741(3), b¼ 8.9335(10), c¼ 16.7775(4) Å, b¼ 100.7382(13)�.

V¼ 2322.85(8)Å3, Z¼ 4. The morpholine ring is in a chair conformation.

The butadiene unit assumed a configuration close to cissoid in both struc-

tures, and their spectroscopic properties were investigated.

KEYWORDS crystal structure, N,S-substituted nitrodienes, spectroscopic

properties, X-ray diffraction

INTRODUCTION

N,S-substituted diene compounds were prepared by the reactions of

some mono(thio)substituted compounds with some amines (primary amine,

piperazine, morpholine, piperidine, etc.). In recent years, some N,S-substi-

tuted diene compounds have been obtained, and their structures have been

determinated.[1–7] However, there are only a few reports on the crystal struc-

ture of these compounds.[8–10] The piperazine and piperidine compounds

have been subjected to medicinal applications and gen transfer studies

due to their interesting biological activity and chemical effects.[11–13] Accord-

ing to a U.S. patent, some thiosubstituted dienes—such as insecticide,

herbicide, fungicide—also exhibit high biological activity.[14]
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Halogen derivatives of nitrobutadienes are

suitable model objects for elucidation of the features

of nucleophilic vinylic substitution (SNVin). The

preferred primary reaction center of 2-nitroperchloro-

1,3-butadiene is the activated terminal carbon atom

of the nitrodichlorovinyl moiety. This carbon atom

allows for an attack by different nucleophiles in

SNVin processes. Under harsher conditions the inter-

nal carbon atom is additionally open to the attack of

nucleophiles.[15,16]

The goal of the present work was to synthesize

and to investigate unknown spectroscopic properties

of 4-methyl-1-(3,4,4-trichloro-1-cyclohexylsulfanyl-

2-nitro-buta-1,3-dienyl) piperidine (2a) and 4-(3,4,

4-trichloro-1-decylsulfanyl-2-nitro-buta-1,3-dienyl)

morpholine (3b). Deep insight into their structural

aspects in the solid states and crystallographic ana-

lyses of compounds 2a and 3b were achieved, and

the results are presented in this article.

MATERIALS AND METHODS

Experimental Section

4-Methyl-1-(3,4,4-trichloro-1-cyclohexylsulfanyl-2-

nitro-buta-1,3-dienyl) piperidine (2a) and 4-(3,4,

4-trichloro-1-decylsulfanyl-2-nitro-buta-1,3-dienyl)

morpholine (3b) (Fig. 1) compounds were pre-

pared according to a method reported earlier[6,7]

(Scheme 1).

The title compound 2a, was synthesized from (1,3,

4,4-tetrachloro-2-nitro-buta-1,3-dienyl) cyclohexane,

1a, and 4-methylpiperidine. (1,3,4,4-tetrachloro-2-

nitro-buta-1,3-dienyl) cyclohexane (0.50 g, 1.42mmol)

and 4-methylpiperidine (0.14 g, 1.42mmol) were

mixed in diethyl ether (30ml) at room temperature.

The mixture was stirred for 2–3 hr. Chloroform was

added to the reaction mixture. The organic layer

was separated and washed with water (4� 30ml)

and dried with Na2SO4. After the solvent was

evaporated, the residue was purified by column

chromatography on silica gel. Yellow crystals of

2a suitable for X-ray diffraction analysis were

obtained by slow evaporation of ethanol at room

temperature.

3b; 1,3,4,4-Tetrachloro-1-(decylsulfanyl)-2-nitrobuta-

1,3-diene (0.20 g, 0.48mmol), 1b, and morpholine

(0.04 g, 0.48mmol) were mixed in dichloromethane

(25ml) at room temperature. The mixture was stirred

for 2–3 hr. Chloroform was added to the reaction

mixture. The organic layer was separated and washed

with water (4� 30ml) and dried with Na2SO4. After

the solvent had evaporated, the residue was purified

by column chromatography on silica gel. Yellow

crystals of 3b suitable for X-ray diffraction analysis

were obtained by slow evaporation of ethanol at

room temperature.

2a; Yield 69% (0.40 g) m.p.¼ 131–132�C (EtOH).

IR (KBr): n¼ 3008, 2936, 2852 cm�1 (C�H), 1569

(C=C), 1524,1259 (NO2). -
1H-NMR (CDCl3): d¼ 3.6–

4.6 ppm (m,1H, S-CH), 3.2–3.6 (m, 4H, N-CH2),

1.1–1.9 (m, 15H, 7CH2, CH), 0.9–1.0 (m, 3H, CH3).

–UV (CHCl3): kmax 293 (lg e 4.00), 397 nm

(4.07). –13C-NMR (CDCl3): 167.3, 126.1, 123.3,

116.6 ppm (Cbutd.), 54.3 (S-CH), 30.3 (CH<),
FIGURE 1 The chemical structural diagrams of title compound

2a and 3b.

SCHEME 1 The synthesis route of title compounds.
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54.3, 34.6, 29.9, 26.2, 25.5 (CH2), 14.3 (CH3).

C16H23Cl3SN2O2(413.79)-MS (ESI): m=z (%)¼ 413.10

(100) [Mþ].

3b; Yield 62% (0.14 g) m.p.¼ 75–76�C (EtOH). IR

(KBr): n¼ 2963, 2924, 2853 cm�1 (C�H), 1594

(C=C), 1531, 1261 (NO2). �1H-NMR (CDCl3):

d¼ 3.6–3.7 ppm (m, 8H, �CH2morph.), 2.8–2.9 (t,

2H, S-CH2, J¼ 7.32Hz.), 1.2–1.6 (m, 16H, 8CH2),

0.8–0.9 (m, 3H, CH3). –UV (CHCl3): kmax 293 (1 g e
5.88), 393 nm (5.94). –13C-NMR (CDCl3): 131.5,

125.7, 117.3, 108.8 ppm(Cbutd.), 65.4, 52.6, 34.9,

30.8, 28.8, 28.7, 28.3, 28.0, 27.9, 27.7, 21.6 (CH2),

13.1 ppm(CH3). C18H29SN2Cl3O3(459.8) -MS (ESI):

m=z (%)¼ 459.26(100) [Mþ].

Spectral Measurements

All chemicals and solvents were obtained com-

mercially and used without purification. TLC was

performed on precoated aluminum plates (Silicagel

60 F254; Merck; U.S.). The structures of 2a and 3b

were determinated by microanalysis and spectro-

scopic data. Melting points were measured on a

Buchi B-540 melting-point apparatus (Switzerland)

and uncorrected. Elemental analyses were

performed by Carlo Erba 1110 Elemental analyzer

(Italy). Infrared (IR) spectra were recorded in KBr

pellets in Nujol mulls on a Shimadzu FTIR-8101

spectrometer (Japan). UV spectra were recorded in

Perkin Elmer Precisely Lambda 35 UV-VIS spec-

trometer (U.S.). NMR spectra were recorded on

VarianUNITY INOVA instrument (U.S.) operating at

500MHz for 1H and 125MHz for 13C. Mass spectra

were obtained on a Thermo Finnigan LCQ Advan-

tage MAX LC=MS=MS spectrometer (U.S.) using

ion-trap mass analyzer for both APCI and ESI

sources. Data collection was carried out on a Rigaku

R-Axis Rapid-S diffractometer (Japan) with graphite

monochromatized Mo-Ka radiation (k¼ 0.71093 Å).

Crystallography

Experimental conditions are summarized in

Table 1 for 2a and 3b. The structures were solved

by SIR 92[17] and refined with CRYSTALS.[18] The

positions of the H atoms bonded to C atoms were

calculated (C�H distance¼ 0.96 Å) and refined using

a riding model. The H atom displacement parameters

were restricted to 1.2Ueq of the parent atom. All cal-

culations were performed using a crystallographic

software package.[19] Selected bond distances and

bond angles for 2a and 3b are listed in Table 2. Some

TABLE 1 Crystal Data and Structure Refinement for Compounds 2a and 3b

2a 3b

Sum formula C16H23Cl3N2O2S C18H29N2O3C13S

Mx (g �mol�1) 413.78 459.86

Crystal system Monoclinic Monoclinic

Space group P 21=n P 21=c

Colour Yellow Yellow

a (Å) 13.2874(8) 15.7741(3)

b (Å) 9.7584(4) 8.9335(1)

c (Å) 15.9479(9) 16.7775(4)

b (�) 109.110(3) 100.7382(13)

V[Å3] 1953.91 2322.85(8)

Z 4 4

Dcalcd. (g.cm�3) 1.407 1.315

m [cm�1] 0.587 0.504

F(000) 864.00 968.00

Index ranges, h, k, l �15< ¼h<¼ 15,�11<¼k<¼ 11 �22< ¼h<¼ 22,�12<¼k<¼ 12

�19<¼l<¼ 18 �21<¼l<¼ 23

h range for data collection (�) 2.5–25.0 3.0–30.5

Reflections collected 65702 137612

Independent reflections 3450 [R(int)¼ 0.117] 7203[R(int)¼ 0.030]

Goodness-of-fit on F2 0.951 1.210

Final R indices [I> 2 r(I)] R=1.034,wR¼ 0.176 R¼ 0.0740,wR ¼ 0.0250

Largest diff. peak and hole 0.69 and �0.77 e. Å�3 0.36 and �0.34 e. Å�3
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torsion angles are given in Table 3. ORTEP-III views

of the molecular structure of title compounds are

given in Fig. 2 and Fig. 3, and crystal packing dia-

grams are in Fig. 4 and Fig. 5.[20] The final fractional

atomic coordinates are given in Table 4 for 3b. Crys-

tallographic data (excluding structure factors) for the

structure reported in this article have been deposited

with the Cambridge Crystallographic Data Centre as

supplementary publications CCDC-694814 for 2a

and CCDC-694815 for 3b.[21]

RESULTS AND DISCUSSION

X-Ray Structure Determination

The title compounds contain the expected N,S-

substituted butadienyl skeleton. The X-ray analysis of

2a and 3b reveal that chlorine substitution at C4 has

occurred in the C4 atom. The butadiene unit assumes

a configuration close to cissoid. The configuration

about the double bonds in butadiene moiety has

been firmly secured by X-ray crystallography. The

structure of title compounds are shown in Fig 2. They

FIGURE 2 The molecular structure of the title compound 2a.

Displacement ellipsoids are plotted at the 50%-probability level.

TABLE 2 Selected Bond Lengths [Å] Angles and Angles [�]
With ESD in Parentheses for 2a and 3b

2a

C11-C1 1.719(7) C13-C2 1.755(6)

C12-C1 1.727(6) S1-C4 1.750(5)

S1-C5 1.840(7) O1-N1 1.259(7)

O2-N1 1.233(7) N1-C3 1.425(7)

N2-C4 1.337(8) N2-C15 1.475(8)

N2-C11 1.476(7) C3-C4 1.404(7)

C3-C2 1.427(7) C2-C1 1.329(7)

C4-S1-C5 106.3(3) C3-N1–O1 115.7(5)

C3-N1-O2 121.3(5) O1-N1-O2 123.0(5)

C4-N2-C15 123.3(4) C4-N2-C11 125.5(5)

C15-N2-C11 111.1(5) C4-C3-C2 122.7(4)

C4-C3-N1 120.1(4) C2-C3-N1 117.2(5)

S1-C4-N2 114.9(4) S1-C4-C3 122.5(4)

3b

S1-C4 1.750(1) S1-C9 1.828(2)

C13-C2 1.736(1) C11-C1 1.723(2)

C12-C1 1.705(1) O2-N1 1.241(1)

O1-N1 1.237(1) N2-C4 1.344(1)

N2-C8 1.466(1) N2-C5 1.469(1)

O3-C7 1.414(2) O3-C6 1.423(2)

C4-C3 1.390(1) C2-C3 1.456(1)

C2-C1 1.320(2)

C4-S1-C9 104.44(6) C4-N2-C8 122.55(9)

C4-N2-C5 123.90(9) C8-N2-C5 112.75(9)

C7–03-C6 109.8(1) C3-C4-S1 114.78(8)

C3-C4-N2 124.15(9) S1-C4-N2 121.06(7)

C3-C2-C1 123.6(1) C3-C2-CB 117.24(9)

C1-C2-C13 119.1(1) N1-C3-C4 121.88(9)

TABLE 3 Selected Torsion Angles [�] With ESD in

Parentheses for 2a and 3b

2a

C5-S1-C4-N2 148.0(3)

C5-S1-C4-C3 �39.8(4)

C4-S1-C5-C6 �68.2(5)

C4-S1-C5-C10 170.3(4)

O1-N1-C3-C4 167.5(5)

O1-N1-C3-C2 �12.0(8)

O2-N1-C3-C4 �14.8(8)

O2-N1-C3-C2 165.7(6)

C15-N2-C4-S1 150.4(3)

C15-N2-C4-C3 �21.8(7)

C11-N2-C4-S1 �26.2(6)

C11-N2-C4-C3 161.6(4)

C4-N2-C15-C14 �117.8(5)

C11-N2-C15-C14 59.3(5)

C4-C3-C2-C1 �54.6(8)

3b

C9-S1-C4-N2 �45.0(1)

C9-S1-C4-C3 134.23(8)

C4-S1-C9-C10 �124.47(9)

C8-N2-C4-S1 158.29(8)

C8-N2-C4-C3 �20.9(2)

C5-N2-C4-S1 �32.7(1)

C6-O3-C7-C8 63.1(1)

C7-O3-C6-C5 �60.1(1)

S1-C4-C3-C2 �33.6(2)

N2-C4-C3-C2 145.6(1)

N2-C4-C3-N1 �35.8(2)

C1-C2-C3-C4 �67.1(2)
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were subsequently shown to have E-geometry about

the C4 double bonds in both compounds. The C�C

bond lengths of the butadiene moiety of 2a are

1.404(7), 1.427(7), and 1.329(7) Å for C3-C4, C3-C2

and C2-C1, respectively. The C�C bond lengths of

the butadiene chain agree well with corresponding

distances in a similar compound.[22] Torsion angle

of C4-C3-C2-C1 is �54.6(8)�. The cyclohexyl and

piperidine rings adopt normal chair conformation.

Weak C�H�N and C�H�S interactions between

neighboring piperidine and cyclohexyl rings help

to stabilize the crystal structure.

The structure of 3b contains linear alkyl chain

structure. The alkyl substituent has a fully extended

conformation. The Ueq values of the C atoms of the

decyl chain generally increase on going from C9 to

C18 (Table 4), reflecting libration of the chain. For

the chain C9-C18, the average C�C bond length is

1.489(4) Å, and the average C�C�C angle is

116.9(2)�. All the torsion angles within the decyl

chain deviate from 180� by less than 2.4�. Thus, the

C10 chain has a near transcoplanar conformation.

The observed values are consistent with the corre-

sponding values in a similar compound.[9] The mor-

pholine ring is in a chair conformation. The C�C

bond lengths of the butadiene unit are 1.390(1),

1.456(1), and 1.320(2) Å for C3�C4, C3�C2, and

C2�C1, respectively.[8,24] Torsion angle of C4�C3�
C2�C1 is �67.1(2)�. In solid-state structure of 3b,

FIGURE 4 Unit-cell packing diagram for compound 2a, with

molecular overlap view from the a axis, and with 30% ellipsoid

excluding H atoms.

FIGURE 3 The molecular structure of the title compound 3b. Displacement ellipsoids are plotted at the 50%-probability level.

FIGURE 5 Unit-cell packing diagram for compound 3b, with

molecular overlap view from the a axis, and with 30% ellipsoid

excluding H atoms.
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molecule is held together in ways by C�H. . .N and

C�H. . . S interactions.

The experimental results have shown that the

bond lengths and torsion angles of butadiene moiety

in both compounds were slightly different. They

were affected by the substituents in both com-

pounds.

NMR and UV-Visible Spectra

The IR and 1H-NMR spectra of title compounds

have already been studied, but no reports have been

published on the UV-visible and 13C-NMR spectra.

The structures of title compounds were confirmed

also by 13C-NMR APT spectrums in the present study.

Four quaternary carbon atoms of butadienyl moieties

of 2a and 3b resonated at dc 108.8–167.3. In the APT

spectrum of 3a, the CH2 and CH peaks of morpho-

line and piperidine rings are identified at dc 54.3,

34.6, 29.9, 26.2, 25.5 and dc 54.3, 30.3. In addition

only one C signal of CH3 group appeared at dc
14.3. All CH2 protons of compound 3b are observed

at dc 65.4, 52.6, 34.9, 30.8, 28.8, 28.7, 28.3, 28.0, 27.9,
27.7, 21.6.

The absorption spectra of compounds 2a and

3b were measured in the nonpolar n-hexane and

in the polar solvents CHCl3 and DMF. The molar

absorption coefficients were determined in the sol-

vents, and the data are presented in Table 5.

Experimental results showed that generally the

kmax value of title compounds’ shifts were

absorbed at longer wavelengths in polar solvents

CHCl3 and DMF than in nonpolar solvent n-

hexane (Fig. 6).

Furthermore, some characteristic bands in the IR

spectra of compounds 2a and 3b were mentioned.

The C=C stretching band is observable at 1569,

1594 cm�1, and the NO2 groups are observable

at 1524, 1531 cm�1 (asymmetric stretching) and at

1259, 1261 cm�1 (symmetric stretching). Note

TABLE 5 UV–Vis Absorption Data for Compounds 2a and 3b

kmax in nm (loge)

n-Hexane CHCl3 DMF

2a 380(4.79)

290(4.80)

397(4.07)

293(4.00)

390(4.45)

264(4.55)

3b 376(6.00)

287(6.10)

393(5.94)

293(5.88)

388(6.43)

263(6.25)

FIGURE 6 UV-Vis absorption spectra of 2a and 3b in CHCl3.

TABLE 4 Atomic Coordinates and Temperature Factors (Å2)

for 3b

Atom X Y Z Beq

S1 0.22420(2) 0.29365(4) 0.80270(2) 4.048(7)

C13 0.23612(2) 0.44268(4) 1.02381(2) 4.791(8)

C11 0.43908(3) 0.50476(4) 0.88992(3) 5.563(9)

C12 0.34562(3) 0.70908(4) 0.97364(3) 6.313(10)

O2 0.35975(7) 0.02439(8) 0.99989(5) 4.83(2)

O1 0.38832(7) 0.21836(10) 1.07704(5) 4.82(2)

N2 0.35936(6) 0.10337(10) 0.83425(5) 3.26(2)

O3 0.46692(7) �0.06491(10) 0.75069(6) 4.82(2)

N1 0.36215(7) 0.16211(10) 1.00960(6) 3.50(2)

C1 0.36063(9) 0.52772(12) 0.94792(8) 3.85(3)

C2 0.31623(8) 0.41242(12) 0.96730(7) 3.26(2)

C3 0.33037(7) 0.25885(11) 0.94389(6) 3.07(2)

C4 0.31279(7) 0.20817(12) 0.86417(6) 3.11(2)

C5 0.32301(8) �0.0027(1) 0.76999(7) 4.06(3)

C6 0.38272(10) �0.0236(2) 0.71019(8) 4.86(3)

C7 0.50123(8) 0.0483(2) 0.80638(8) 4.38(3)

C8 0.44826(8) 0.0668(1) 0.87232(7) 3.69(3)

C9 0.26209(10) 0.3385(2) 0.70898(8) 5.08(3)

C10 0.25115(10) 0.5032(2) 0.68891(10) 5.76(4)

C11 0.16075(10) 0.5618(2) 0.67286(10) 5.35(4)

C13 0.06697(11) 0.7957(2) 0.64533(11) 6.21(4)

C12 0.15464(11) 0.7272(2) 0.66031(11) 6.02(4)

C15 �0.01886(12) 1.0393(2) 0.62617(13) 7.06(5)

C14 0.06506(11) 0.9651(2) 0.64011(12) 6.67(5)

C16 �0.02001(12) 1.2056(2) 0.61771(12) 6.84(5)

C17 �0.1054(1) 1.2788(3) 0.6008(2) 8.97(7)

C18 �0.1078(2) 1.4417(3) 0.5906(2) 10.53(8)

Beq¼8=3 p2(U11 (aa�)2þU22(bb
�)2þU33 (cc�)2þ2U12(aa

�bb�)coscþ
2U13(aa

�cc�)cosbþ2U23(bb
�cc�)cosa).
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that our spectroscopic data are in accordance with

those that have been reported in related articles.[6,7]
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