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Abstract —A preparation method was developed for new representatives of halonitroenamines, 1-bromo-1-
nitro-2-piperidino(cyclohexylamino)-2-phenylethenes. Both molecules po$sesanfiguration and are of
high polarity.

Nitroenamines containing in vicinal position aminoas unique examples {9], and they were as a rule
and nitro groups attract attention both from practicabbtained by difficult methods and in low~30%)
and theoretical point of view (investigation on theyields.
specific features of the electronic structure of these
molecules) [17]. In the nitroenamine series were Basing on reaction of 1,2-dibromo-1-nitro-2-
found certain compounds with pronounced pharmaphenylethenel [10] with the corresponding amines
cological properties [5]. Besides, now in the medicawe for the first time synthesized 1-bromo-1-nitro-2-
practice is widely applied antiulcer drug ranitidine thatpiperidino(cyclohexylamino)-2-phenylethends (11 ).
has a structure analogous to nitroenamines, a nitr@-he process occurs at boiling of compouhdwith

ketenaminal [6]. double excess of amine in an anhydrous benzene for
2-3.5 h to afford the products divVin-substitution
Halonitroenamines were mentioned in publicationsl and lll in 97 and 91% yield respectively.
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Note that dibromonitrostyrene | reacts is apparently due to lower ste-ric accessibility

with amines under considerably more stringendf the reactive site € and by steric hindrance
conditions than the monohalonitrostyrenes withto conjugation in the molecule of compouhdsince
vicinal or geminal substituents [17]. This fact the nitro group deviates from the multiple bond
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The conclusions from [13, 21] made basing on UV
spectroscopy and X-ray analysis suggest that 2-mor-
pholino-1-nitro-1,2-diphenylethene in solution occurs
in E configuration, and in the crystal state if
configuration. It is quite reasonable since theand
Z isomers of nitroenamines as a rule have a relatively
low barrier to isomeric transformations [224]. For
instance, by means dH, °C, and*N NMR spec-
troscopy [22] it was shown thatt-nitro-B-amino-
acrylic esters are sterically non-rigid in an extended
set of solvents. This fact Bakhmutet al. ascribed to
the so-called“rotation around the double borid.

We studied the structures of the new tetrasubsti-
tuted nitroenamined , Il by means ofH NMR, IR,
and electronic spectroscopy, dipole moments, and
X-ray diffraction analysis. In théH NMR spectra of
these compounds are seen all proton signals from
structural fragments. For instance, the spectrum of
Fig. 1. Nitroenaminell molecular geometry in a crystal. compound_ Il contains the resonances from 'Fhe
benzene ring protonss (7.60 ppm) and from the pi-
plane as was reliably shown by X-ray diffractionPeridine ring § 1.68 and 3.15 ppm); these data show
study [10]. its stereohomogen_elty but do not rev_eal its geometry.
. , . : . The X-ray diffraction study of the piperidine deriv-
The consideration of studies on the nitroenamineg e of hromonitrostyrend! definitely showed that

structure demonstrates that their geometry depends 99 molecules in the solid phase posses&edon-
the substituents and solvent character in a Complicateﬁ%uration.

way.

For instance, the X-ray diffraction study revealed The spatial arrangement of compoutidmolecule
that in the solid phase the 2-anilino-1-bromo-1-nitrolS represented on Fig. 1, atom coordinates and geo-
ethene has configuration with the trans-orientation offetrical parameters are listed in Tables31It should
the NH and NQ groups [9]. It is known however that be noted _that the _double bond n; ghe molecule is
in quite a number of enamines with a secondar)Kﬁtalblg twisted [torsion angles BfC*C® 30.5(5 and
amino group the characteristic configuration corresN CC°N” 36.6(6]] (Table 3), bond length &C
ponds to thecis-position of the amino and nitro 1.399(6) A (Table 2) is somewhat longer than that of

groups. Therewith arises an intramolecular hydrogeRitroethene (1.3374) [25] or those of some substi-
bond NH--O,N closing a quasi six-membered ring tultedlnltroetheneos [26, 27]. On the contrary the bond
[12, 18-20]. Thus to 2-anilino-1-nitro-1,2-diphenyl- € -N" [1.416(5) A] is shorter than in the other nitro-
ethene was assignedZaconfiguration ¢is-position of ~€thanes (1.48.46 A) [25-27]. Note that similar
the amino and nitro groups) [20] due to the indepenYariations in bond lengths C=C (1.37§ and G-NO,
dence of the amino group band in the IR spectrum of1.426 A) are observed also in a molecule of another

the concentration of the compound. nitroenamine, 2-morpholino-1-nitro-1,2-diphenyl-
ethene [21]. Therewith the atoms' @nd C are sp?-

_ The most difficult is the assignment of configura- pyprigized [the sum of bond angles at these atoms is
tion for the tetrasubstituted nitroenamines containingqual to 359.9(4].

the amine rest with the tertiary nitrogen atom. In _ o

particular, from the UV spectral data for 2-morpholino- The nitro group at the €atom is slightly turned
1-nitro-1,2-diphenylethene, namely from the positioriith respect to the double bond plane: the torsion
of the absorption band in the longwave regiog,[, angle GN'C'C?is 9.1(6}. The nitrogen atom of the
405-408 nm ¢ 9706-9800)], was concluded [13] that Piperidine substituent is o_f plane-trlgona] c_oordlnatlon
in solutions was present the more energeticalljthe sum of bond angles is 359.3{B)but it is turned
feasible and less sterically strain&lisomer (rans ~ Stronger with respect to the double bond plane: the
position of the amino and nitro groups). The X-raytorsion angle &C°C°C'® is 47.9(5). The bond
diffraction study of the same compound demonstrateténgths C-Br [1.879(4) A] and C-C%CyHs)
that it existed in the form oF isomer €is-position of [1.483(5) A] have common values. The crystal struc-
the amino and nitro groups) [21]. ture of compoundl| is determined by van der Waals
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Table 1. Coordinates of atoms in the structure of nitro- Table 2. Bond lengths d, A) in the molecule of nitro-
enaminell, equivalent isotropic temperature factors ofenaminell

3 3
nonhydrogen atom$ = 4/:ia=zl JEl(ai a)B(i, j) (A9, and Bond d Bond d
. . 02
isotropic temperature factors of hydrogen atoBjg, (A<) Br_cl 1.879(4) C6_H62 1.08(4)
5 OLN?! 1.234(5) | c’-c® 1.528(8)
Atom X y z 5 or O>-N* 1.230(4) T_Ht 0.96(4)
iso N;—C; 1.416(5) ;—HZ 0.94(4)
Br 0.03277(5) 0.20655(3) 0.24005(4)2.826(8) m{& }2‘;?8 Csiﬂsz cl)'gégjg
ot -0.1036(4) | 0.3617(2)| 0.2392(3)|4.33(8) NERG 1'468(5) 9_clo 1'389(6)
0? -0.1904(4) | 0.3944(2)| 0.0018(3)|3.36(7) ClL_ 2 1'399(6) 9 cl4 1'387(7)
N1 -0.1147(4) | 0.3498(2)| 0.1085(3)|2.74(8) C2_ 9 1 483(5) | cloci 1'378(6)
N3 -0.0084(4) | 0.3195(2) | -0.1457(3) | 2.06(7) 5 ' 10 1,10 '
1 ctC 1.510(7) | c-H 0.79(4)
C -0.0446(5) | 0.2798(2)| 0.0794(4) |2.09(8) C4_pt 0.82(4) ol 12 1.380(9)
C? -0.0367(4) | 0.2635(2) | —0.0604(4) | 1.93(8) CA_y42 0'94(3) oL pit 0'97(5)
ct -0.0776(5) | 0.3162(3)| -0.3132(4) | 2.70(9) C5_c6 1'518(7) cl2_cl3 1'372(8)
c® 0.0494(6) | 0.3352(3)| -0.3764(4) |3.3(1) C5 51 0'96(4) ol2 12 0'88(4)
cb 0.1320(6) | 0.4137(3)| -0.3144(5) |3.8(1) 5 1452 ' 13 ~14 '
. C-H 0.99(4) c--C 1.379(6)
C 0.2034(6) | 0.4141(3)| -0.1431(5) |3.7(1) cb_c7 1.503(6) | ClH® 0.91(5)
c8 0.0703(5) | 0.3955(2) | —-0.0843(4) [3.0(1) C8_H61 0.89(5) cl4_py14 0.96(4)
c® -0.0492(5) | 0.1810(2) | —0.1153(4) | 2.14(8) ' '
cii’ ~0.1741(5) | 0.1320(3) | -0.1125(4) | 2.8(1)
C12 ~0.1875(6) | 0.0558(3) | -0.1662(5) | 3.8(1) changed bond lengths) evidence a significant electron
¢ ~0.0742(8) | 0.0274(3) | -0.2195(6) | 4.6(1) density redistribution in compountl molecule
cﬁ 0.0502(6) | 0.0752(3) | -0.2217(5) |4.1(1) '
(l—:|10 _g'gjga(f) 8'35(72(;’) _9(}18:?((2)) i'gg; We determined experimentally by Debye method
11 : ' ' ' [28] the dipole moments of nitroenaminds Il in
H -0.277(5) | 0.024(2) -0.162(4) |5(2) .
H12 ~0.091(6) |-0.020(3) _0.259(4) |5(1) b_enzene a_nd dioxane at% _The facto_rs f_or calcula-
13 tion equations and orientation polarization are pre-
H 0.131(6) | 0.057(3) | -0.250(5) |5(1) : . :
14 sented in Table 4. In calculation of dipole moments
H 0.152(5) | 0.182(2) -0.174(4) [3.0(9)
41 . the values of bond angles were taken from the results
H 0.126(5) | 0.274(2) -0.341(4) [3.2(9) .
H42 -0.160(4) | 0.356(2) _0.344(4) | 2.4(9) _of X-ray analysis of compound, and also the follow-
H51 0.131(5) | 0.294(2) -0.339(4) |3.0(9) ing dipole moments of bonds and group¥Cgz — Br)
H52 ~0.012(6) | 0.341(3) -0.488(5) |6(1) 0.66 D calculated frowexp(Cszc.:HBr), m(CSpZ—)
He1 0.215(5) | 0.427(3) | -0.341(4) |4(1) NO,) 2.81 D from pe,(CH,=CHNG,), m(Ph— Cy2)
H62 0.041(6) | 0.460(3) | -0.361(5) |6(1) 0.33 D from pg,(CeHsCH=CH,), m(H—N) 1.31 D
H7L 0.289(5) | 0.376(2) | -0.101(4) |4(2) from  pe,(NHg), m(Cqz—>N) 212 D from
H™ | 0.248(5)| 0.463(2) | -0.098(5) |5(1) Mex{CeHsNH,), m(cycloCHy;—>N) 1.06 D from
H82 0.111(5) | 0.392(2) 0.019(4) |3.3(9) Hexp(CYCIO-CaH iNHy), m(Ciz—>N) 1.02 D from
H ~0.017(5) | 0.439(2) ~0.109(4) |4(1) Hex(Piperidine), m(Cyz—N) 211 D from

Hexg(N-phenyl)piperidine. All experimental dipole

contacts and by interactions of the type €@ (weak Mmoments of model compounds used in calculation of
hydrogen bonds) and XH%%--O' (x, y, z — 1). The the moments for groups and bonds were taken from
parameters of bonds are as follows’-8>2 0,99(4), [29].

C°...0'3.403(4), H%.-0'2.43(4)A; angle C-H%2%..0
168(5¥. Due to these interactions form endless chain?I
along thez axis (Fig. 2). Short intramolecular contacts "’
C8H8L..NT and B-HB2..0? are apparently forced by
nitrogen atoms conjugation with the double bond.

The study of the structure of bromonitroenamines
[l by dielcometry method revealed that the ex-
perimental values of their dipole moments are relative-
ly large. The comparison of the experimental and
calculated dipole moments does not allow determina-
Thus the data obtained (plane-trigonal coordinatiotion of the E or Z isomer structure. Although the
of the nitrogen atom in the piperidine substituentmoments calculated for thE-forms are more alike
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Table 3. Bond (», deg) and torsiont( deg) angles in the molecule of nitroenamiie

Angle ® Angle ® Angle T
ON1Q? 122.5(4) COCOH52 108.0(3) o'NIClBr 7.95(0.51)
oNIct 118.5(3) H51CoH52 119.0(4) oNIclc? ~174.11(0.40)
O°N1ct 119.0(3) cocée? 110.8(4) O°NIciBr -168.85(0.30)
c2Nsc? 122.8(3) CoCPHS! 115.0(3) O°N1cic? 9.08(0.62)
C2N3c8 123.5(3) CoCPH62 109.0(2) c*Nsc2ct -148.44(0.40)
C*N3c8 113.0(3) C’CPHSL 106.0(2) CcNSc2c? 35.35(0.56)
BrCIN® 115.7(3) C’ChH62 111.0(3) ciNdcect 21.15(0.62)
Brclc2 120.8(3) H61C6H62 105.0(4) c8Nsc2c? -155.06(0.38)
NIclc? 123.4(3) céc’c?® 111.0(4) C2N3cAcd ~134.06(0.41)
N3c2ct 122.6(3) céc’HL 112.0(3) CBN3cAcP 55.37(0.48)
N3c2c? 117.2(4) C8C7H"2 114.0(3) c2N3céc? 133.92(0.39)
clce? 120.1(4) c8c’H™L 107.0(3) Cc*N3céc? -55.59(0.45)
N3cAcd 112.6(3) C8C’H"2 105.0(3) Brclc2ns -145.56(0.33)
N3CAHA4L 109.0(3) H71C'H"2 107.0(3) Brclc2c® 30.54(0.53)
N3CHH*2 104.0(2) N3cBc? 110.1(4) NIClc2Ne 36.61(0.63)
CoCHH 115.0(3) N3CBH8L 107.0(2) Niclc?c? ~147.29(0.40)
CoCHH*2 110.0(3) N3CBH82 110.0(2) N3c2cocto ~135.76(0.39)
HY1CAH42 106.0(3) c’c8ndt 113.0(3) N3c2coct4 44.67(0.52)
cAcoch 110.2(4) C’c8H82 113.0(3) clc2cocto 47.93(0.54)
CACPH>! 105.0(3) HB81CBH82 103.0(3) clc2coct -131.63(0.42)
con | mes | ocEm | mm | e | mson
S | honm | G | maes | Soee | oo
ciclzli’yli’o 121.0(2) cﬁcﬁcﬁ 120.(1)(2) c2cocloctt 178.82(0.37)
clcloH 119.0(2 Cl2c13H 122.

cloclict? 119.955; cl4clspls 118.053;

cloclipit 117.0(3) coclicts 120.3(4)

cteclipit 123.0(3) coclapH14 124.0(2)

cliclects 120.3(4) cl3clipia 116.0(2)

experimental values, still the difference between th§l8]. Therefore it is reasonable to suggest that nitro-
calculated and measured values is too kig: 3.9- enaminelll also possesseE-configuration.

4.4 D for compoundl and 2,53.2 D for compound

lIl . The results obtained evidence the high polarity of The character of IR spectra of nitrostyreliein
bromonitroenaminedl!, Il , i.e. indicate the great solid phase and in chloroform solution is fairly alike.
contribution into their structure of bipolar form con- Therefore it is presumable that both in solution and

taining a >CN< bond and ionized nitro group solid phase compountd molecules are present i

(NOO) [2]. It is known that a contribution of bipolar configuration. Its IR spectra similarly to the spectra

forms considerably increases the dipole moments dif Préviously described nitroenamines contain strong
organic compounds [2]. absorption bands in 1660500 cm~ region that may

be attributed to the system of conjugated multiple
This conclusion is in agreement with the electrorbonds with prevailing contribution from >0k
absorption spectra of compoundls Il containing bonds. Also a number of bands is observed at 1264
absorption bands in the longwave region [compound232, 11561120 cm® belonging to >C=NOO
1 Apax 419 nm, € 12200); compoundll : 4., moiety [1, 19, 20, 3632]. The shift to lower fre-
373 nm, € 18400)]. The latter values are close toquencies of the bands from multiple bonds compared
those for the model compound, 1-nitro-1,2-diphenyl4to the spectrum ofE-2-bromo-1-p-dimethylamino-
2-cyclohexylaminoethene with cis-position of cyclo-phenyl)-2-nitroethene [30] may be ascribed to ap-
hexylamino and nitro groupsi,,, 375 nm,e 20500) pearance of the fourth substituent at the double bond
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Table 4. Experimental and calculated dipole moments of nitroenamithedli

Comp.
no.p Solvent o ¥ Por cn? Hexp D Heale D
I CgHs 16.336 1.188 889.344 6.60 E: 2.70
Dioxane 20.617 0.521 1027.239 7.09 Z: 2.29
I CsHs 16.769 0.198 1012.938 7.04 a: 451
Dioxane 24.078 0.384 1212.386 7.70 Z: 2.64

(piperidino group) and itgis-orientation with respect In similar in character IR spectra of nitrostyrene
to nitro group [33]. The observed spectral patterrll in mineral oil and in CHCJ is observed a weak
characterizes the molecules of the compound undabsorption band at 3200 cinbelonging to NH group
consideration as highly polarized, with a significantparticipating in a hydrogen bond; since the position
contribution from the stricture with separated chargesand form of the band does not change at dilution of
the solutions in CHGl and benzene, it should origi-

C6H5\C_ Br nate from the intramolecular hydrogen bond NE,N
KI// " N\NnoOo [34]. Therefore the NH and NQOgroups in the mole-
< > cules havecis-orientation, i.e. the molecules are of
E configuration.

HsCox o B HsCe\ . ./Br
= 2
cYCI(}CeHn—N?;I o//l\{' > cycIoCGHll—KIH NOO-

Fig. 2. Packing of nitroenaminél molecules in a crystal. Projection along @xis. Dotted lines show the hydrogen bonds
C-H--0.
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The absorption bands in the IR spectra of com$ 113.90(2), V 1312.2(5) A3, Z 4, dealc
pound Il in the 16001100 cm® region are some- 1.575 g/cmi, space grougP2,/c. Unit cell parameters
what different in position and intensity from those inand intensities of 2933 reflections (11868 among them
the spectrum of compound ; however the general with | > 3c) were measured on an automatic
pattern of the spectrum is retained: strong bands &bur-circle diffractometer Enraf-Nonius CAD-4 at
1570-1562 cm® and a number of bands at 1350,20°C ((AM°K_-irradiation, graphite monochromator,
1220-1210, 11341124 cm® apparently originating ©/26-scanning,d < 29°). In the course of the record-
from a system of conjugated multiple bonds andng was no intensity decrease observed for three
ionized nitro group NOQ control reflections. The absorption was taken into
account empirically gMo 30.96 cn%). The structure
fvas solved by heavy atom method. The bromine
atoms coordinates were calculated from the peaks of

!g e;rg v;(e;tlgé:]oangsvtveerve\;v;tﬁ et?rie?aﬁgtgﬁggrge% em”[qlthe Patterson’s function. After refining the latter in the
e ' P isotropic approximation all the nonhydrogen atoms

absorption bands of the nitroenamines in the Iiteraturgglere revealed from the difference series of the elec-

I:bggrt gmaﬁznﬂlaglbig%%fgoFg%fnvsvﬁgcz’m'ﬂ)u[ge] dthqron density. The structure was refined first in iso-
P tropic and then in anisotropic approximation. After

tlozégecnl\#lqtob\? ?,c\jlc\);';) r%znsér%ngtﬂ;g?gaggzg 0%§_80 that from the difference series of the electron density
S * . .
ing to the book [33] belonging to the absorption of thevere revealed all hydrogen atoms and finally refined

= : : in the isotropic approximation. The final values of
e B o e ot divergence factors are as olong:0.037.R, 0.047
However irrespective of the difference in assignmen rolm |18.92 |ndepender_1tollreflecthrr1]s }\1"” > 3?' Al
of the bands to definite groups all the researcher aclg ations \Ilvere carrie EUt with the usleﬁ program
make the same principal conclusion on the prevailin ackage MoIEN [15] on the computer Alpha Station

o O 00. The figures and analysis of intermolecular
contribution into the ground state of the molecules o ;
structures with separated charges. contacts in the crystal was performed along PLATON

routine [20].

Thus in the course of the study reported were de-
veloped convenient preparative procedures for the 1,2-Dibromo-1-nitro-2-phenylethenel)(was pre-
synthesis of new bromonitroenamines: 1-bromo-lpared as described in [10].
nitro-2-piperidino(cyclohexylamino)-2-phenylethenes.
Their fine structure was investigated by means of 1-Bromo-1-nitro-2-piperidino-2-phenylethene
X-ray diffraction analysis, dipole moments, IRH  (Il). A mixture of 0.61 g of nitrostyrené, 0.4 ml of
NMR, and electronic spectroscopy. We establisheg@iperidine, and 10 ml of anhydrous benzene was ref-
E configuration and high polarization of the moleculesluxed for 2 h; during the process separated a precipi-
of compounds studied originating from the efficienttate. The mixture was cooled, the piperidine hydro-
conjugation with participation of the lone pair of chloride was filtered off, and the filtrate was poured
piperidine or cyclohexylamine nitrogen, carbon into a Petri dish for evaporating the solvent. The re-

absorption bands in the IR spectra of compouHlds

carbon multiple bond, and nitro group. sidue was washed with distilled water. We obtained
0.59 g (97%) of compoundl , mp 149-150°C (from
EXPERIMENTAL methanol). IR spectrumy, cni’: 1512, 1418, 1294,

264, 1232, 1208, 1152, 1120 (mineral oil); 1520,
IR spectra were recorded on a Specord M-80 SPeGiate’ 150" 1560" 1735 1208, 1156, 1120 (chloro-
trophotometer (in solid phase, in chloroform, and ing ' ' ' : ' '

1 .
benzene solutions, concn. from 0.1 to 0.001 mol/l) (():rmH). Nl_)| '\;Nélg ?pzct)rubnv(CS:DeCélgr,jﬁqp(%m.Cll\.S8i3.15
'H NMR spectra were registered on spectrometerg sH1oN), 7.60 (GHs). P HCN), Arnae

Bruker AC-200 (200 MHz), Tesla BS-487C (80 MHz) 1M €, | mol™* cm™): 419 (12200). Found, %: C 50.17,
from solutions in CDCJ; chemical shifts were me- 20-22; H 4.89, 4.92; N 9.07, 9.08.,,sBrN;O,.
asured either from internal reference (HMDS, TMs)Calculated, %: C 50.18; H 4.82; N 9.01.

or from external reference (HMDS), accuracy within

10.5 Hz, 5 scale. Electron absorption spectra were.,+-5'0MO-1-nitro-2-phenyl-2-cyclohexylamino-

: thene (Ill) was obtained in a similar way from
measured on spectrometer SF-46 in quartz cells, Lo
solvent acetonitrile. §.23 g of compound, 0.97 ml of cyclohexylamine in

20 ml of anhydrous benzene (boiling for 3.5 h. We
Crystals of compoundl monoclinic, mp 149  isolated 1.18 g (91%) of compoundl , mp 161
150°C, At 20°C 2 8.823(2),b 16.955(3),c 9.594(2)A; 163FC (from a mixture hexandenzene, 1:1). IR
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spectrum, v, cnt: 3200, 2370, 1676, 1568, 1562,
1412, 1350, 1320, 1210, 1124 (mineral oil); 3180,4.
2500, 1570, 1562, 1414, 1376, 1350, 1220, 1134,
1072 (chloroform).'H NMR spectrum (CDG)), §,

ppm: 1.141.64, 2.96 ¢yclo-CgH;N), 7.29 (GHs),
11.05 (NH). UV spectrum (CECN), A, NM

(e, | mol* cmi: 373 [18400]. Found, %: C 51.73,
51.74; H 5.24, 5.26; N 8.71, 8.69.,f,,BrN,O,.
Calculated, %: C 51.70; H 5.23; N 8.62.
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