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1-R-5-[(2-Nitro-2-phenyl)ethenyl]imidazoles (R = Bn, Me, H) 6a,b,c were synthesized by the
Knoevenagel reaction of the corresponding aldehydes 4a,b,c with phenylnitromethane 5. The E-isomers
6a,b,c were precipitated from the reaction mixture as crystalline compounds in 89, 81 and 60% yields,
respectively. Traces of the Z-isomers 6a'b',c’ were found in the reaction mixtures but could be obtained in
a ratio of 4:3 from the E-form with UV imradiation. The E-forms were more stable and the Z-isomers

changed again to the E-isomers in several weeks.
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Several research groups have been interested in investi-
gating imidazole derivatives because of their biologically
active nature [1]. Histidine, the essential amino acid for
growth, and its decarboxylation product histamine [2] are
the most common imidazole structures in the tissues of a
human being. Nitroalkenes are powerful dienophiles in the
Diels-Alder reaction, as electrophiles they readily undergo
addition reactions with many different nucleophiles [3,4].
Because of the easy transformation of the nitro group to
other functionalities nitroalkenes are particularly versatile
compounds in synthetic organic chemistry [5,6].

Nitroethenylimidazoles are useful intermediates [7] for
a preparation of a series of new 4- or 5-[2-aryl-2-(func-
tional group)ethyl]limidazoles as new lipophilic histidine
analogues and Hj receptor agonists {8], and on the other
hand as homologues of some on o -adrenoceptor active
agents [9]. The structure determination serving a better
knowledge of the structural requirements is an essential
part for studying the properties of potential biological
active agents. The nitro group of the title compounds pro-
vides a good comparable object as a basis for further
structure elucidation in the series. It is relatively easy to
determine with spectroscopic tools. Although the prepara-
tion of nitroethylenes by the Knoevenagel [10] reaction is
already familiar there is no report regarding the
nitroethenyl compounds 6a,b,c synthesized in this work.

Our main goal has been to prepare nitroethenylimidazoles
with different protective groups as a part of our elaboration
towards synthetic routes to a series of new biologically
active heterocyclic compounds. The structures have been
verified using ir, 'H nmr and 13C nmr speciroscopy, mass
spectrometry, X-ray crystallography, and elemental analysis.
For more elucidation the compounds have been explored

using molecular modeling and uv irradiation and also in
some cases 'H-!H correlated COSY, NOESY and !H-13C
spectra. For comparison the structures and properties of
some intermediates were studied as well (nmr, X-ray, ms).

Results and Discussion.

The imidazolecarboxaldehydes 4a,b,c for the
Knoevenagel [10] reaction were prepared in moderate to
good yields according to literature procedures after some
modifications by a three step synthesis starting from dihy-
droxyacetone dimer 1 [11] using benzyl-, methyl- or
(diphenylmethyl)amines depending on the desired protec-
tive group at nitrogen 1. The aldehyde 4c (R = H) was
made by three step synthesis starting from fructose 7 [12].
Phenylnitromethane 5 was prepared from benzylbromide
8 and sodium nitrite (Scheme 1) [13].

An ideal protective group on nitrogen 1 was the benzyl
group, the isolation, the precipitation and recrystallization
proceeded most easily in every step, while the compounds
with the diphenylmethyl group were rejected after several
attempts because of very low yields in the removal of the
mercapto group (Scheme 1).

The title compounds 6a,b,c were made via the Schiff base
of the corresponding aldehydes using n-butylamine as a cata-
lyst (Scheme 2). The amount of side products was adjusted
to a minimum by removal of water as an azeotrope with ben-
zene or toluene and by trapping basic amine with glacial
acetic acid. Accqrding to the literature most methods for the
preparation of nitroalkenes [14] produce generally
E-nitroalkenes [15]. We want to report an easy and conve-
nient way to convert the E-isomer to the Z-isomer 6a’,b',c’
simply by uv irradiation. The nitroethenyl compounds were
irradiated by uv using perdeuteriomethanol or deuterio-
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chloroform as a solvent. The isomerization reactions were
followed by nmr and first signs of the conversion of the
E-isomer to the Z-isomer were seen after two hours irradia-
tion in deuteriochloroform. After six hours the ratio of E and
Z was 4:3, and the ratios did not change any more upon fur-
ther irradiation. After standing for about three weeks the
Z-isomers had totally converted back to the more stable
E-isomers. In a methanolic solvent the conversion did not
happen at all. The reason probably was that the conversion in
deuteriochloroform was catalysed by an acid formed from
chloroform during storing. The product mixture seemed to
be stable enough for storing for several days and might be
used in synthesis starting from the Z-isomer.

Scheme 2

N : N " N
S /X S /MR'
(r;: CHO -H,0 41:1 2NN -R?NH, (1?1 NO,

R R R

4a,b,c E-6a,b,c

a b < / \

R =BnMeorH Z-6a',b' ¢’
R!=Ph,R?= Bu (EIZ 4:3) E-HCI
Reagents:

i) BuNHy, i) PhCH,NOyAcOH

The substitution pattern in the imidazole ring and
cis-trans isomerism of the double bond between the rings
were explored using nmr and X-ray techniques. The
nitroethenylimidazole 6a was the major compound studied.
The mass spectrometry and molecular modeling supported
these studies, and all these methods together, but especially
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X-ray crystallography and nmr, completed with elemental
analysis, finally proved structure of 6a to be S-substituted
trans imidazolyl-nitro isomer.

NMR Spectroscopy.

The relation between chemical shifts and protective
group at nitrogen 1 both in products and intermediates was
studied by nmr. The 'H and 13C nmr chemical shifts are
listed in the experimental part. The relation was very much
dependent on a substituent of the imidazole ring. Proton
and carbon-13 shifts C(4)H in mercaptoimidazoles 2a,b,d
as well as in ethenylimidazoles 6a,b,c were not dependent
on the protective group. In a series of imidazolealcohols
3a,b,c protons C(4)H and C(2H) of the unprotected imida-
zole 3¢ were observed most downfield while the corre-
sponding carbon-13 shifts were most upfield. In the case
of imidazolecarboxaldehydes 4a,b,c protons C(4)H and
C(2)H of benzylimidazole had shifts most downfield, the
unprotected imidazole most upfield. Similar behavior was
noted with carbon-13 shifts. The ethenyl proton in 6
shifted downfield in order of R = Bn, Me, H.

The H and 13C chemical shifts were verified using
1H-1H and 'H-13C correlated techniques and are listed in
the experimental part. It is possible to determine the
solution stereochemistry of 6a by nmr spectroscopy
using several methods, but normally chemical shifts,

NIS2! (52
' 2

Figure 1a) The molecular structure of C;gH;5N30, (6a); b) The structure
of the cation in C1gHgN;O,* CI- (6a*HCI).
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coupling constants and NOE are the most informative.
Unfortunately, the 4]y coupling from C58 to C(51)H
(Figure 1), which is the best probe in this case for the
double bond orientation, was useless since the signal of
C53 was overlapped by other carbon signals in the cou-
pled 13C spectrum. However, the cross peak in the
NOESY spectrum is possible to explain only, if the
nitro-group and the imidazole moiety are trans respect to
each other. The best evidence for that configuration are
strong dipolar couplings from C(4)H to phenyl ring pro-
tons attached to C54, C55 and C56. On the other hand,
the missing cross peak between C(51)H and C(54)H
proved that these groups are in the frans orientation.

The conformations of phenyl and imidazole group com-
paring to the double bond were possible to clarify using
chemical shift information in both 'H and 13C spectra. In the
13C nmr spectra double bond and aromatic ring chemical
shifts evidently depend on conjugation (upfield shift) in the
system. In this molecule 6a the imidazole ring and the
double bond are obviously in-plane since a large upfield shift
(20 ppm) of C(5) is observed due to conjugation effect.
Phenyl ring is out-of-plane as X-ray studies showed because
of missing conjugation effect. More over, the large upfield
shift (0.9 ppm) of C(4)H is due to potent aromatic ring cur-
rent effect indicating that C(4)H ought to be near the centre
of the adjacent phenyl ring.

Molecular Modeling.

The conformational analysis of 1-benzyl-5-[(2-nitro-
2-phenyl)ethenyl]imidazole (6a) was performed by
using the modeling program Sybyl, version 6.03 (Tripos
Associates). The molecule was build by using the Sybyl
program and the structure was fully optimized by using
molecular mechanics. The conformational analysis was
carried out in two steps by using the force field method
of the program without atomic charges: firstly by rotating
the single bond C52-C53, and secondly by rotating both
the bonds N1-C11 as well as C11-C12 simultancously.
The first calculation showed clearly two energy mini-
mum for the bond C52-C53, where the torsion angle of
C54-C53-C52-C51 had the values -100° to -20° and 80°
to 160°. The similar results were obtained both by rotat-
ing the molecule as a rigid entity or by optimizing the
structure after every rotation. The two equivalent con-
formational minimum are due to the symmetry of
phenyl substituent.

The second calculation showed that the bond C11-C12
can rotate almost freely when the torsion angle of
C5-N1-C11-C12 has the approximate values 70° to 120°
or -90° to -110°. The rotation is more restricted in the lat-
ter case. The calculation showed that the molecule has the
highest energy when the torsion angle of C5-N1-C11-C12
has the value -30° to 10°.

1-Benzyl-, 1-Methyl- and 1H-5-{(2-Nitro-2-phenyl)ethenyl]imidazoles
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X-ray Crystallography.

5-Hydroxymethylimidazole (3c) was crystallized from
a methanol/hydrogen chloride solution as a hydrochloride.
The structure of the cation is shown in Figure 2. The imi-
dazolium ring is planar as expected and possesses nearly
C,, symmetry. The bond lengths and angles are presented
in Table 1 and they agree well with those reported for imi-
dazolium cation [16,17]. The C(5)-C(6) bond of 1.490(3)
A is a normal C(sp2)-C(sp?) single bond and the hydroxy-
methyl group affects very little to the geometry of the imi-
dazolium ring similarly to the substituents on the imida-
zolium ring in cyclo-(L-histidyl-L-aspartyl) trihydrate
[18], L-histidinium dihydrogen monophosphate monohy-
drate [19], histaminium dinitrate [20] and diprotonated
pL-histidinium dinitrate [21]. The oxygen atom of the
hydroxymethyl group is twisted out of the plane of the
imidazolium ring the N(1)-C(5)-C(6)-O torsion angle
being 55.4(2)° and the N(1)...O distance of 2.996(2) A.

1-Benzyl-5-[(2-nitro-2-phenyl)ethenyl}imidazole (6a)
was crystallized from an ethanol solution in the orthorhom-
bic crystal system (O) and from a methanol solution in the
monoclinic crystal system (M). In both structures the mole-
cule is equal and in the E-form. The 2-nitroethenylimidazole

Figure 2. The structure of the cation in C4H;N,O* CI- (3¢*HCI).

Table 1
Bond Lengths/A and Angles/® for C4H;N,0+C1- (3c-HCI)

N()-CQ2) 1.326(2) N(1)-C(2)-N(3) 107.8(2)
N(3)-CQ2) 1.3272) C(2)-N(1)-C(5) 109.7(1)
N(1)-C(5) 1.379(2) C(2)-N(3)-C(4) 109.4(1)
N(3)-C(4) 1.374(2) N(D)-C(5)-C(4) 106.1(1)
C@)-C(5) 1.360(2) N(3)-C(4)-C(5) 107.0(1)
C(5)-C(6) 1.490(3) N(1)-C(5)-C(6) 122.5(1)
C(6)>-0 1.417(2) C(4)-C(5)-C(6) 131.4(2)

C(C)-C(6)-0 112.1Q2)
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moiety is roughly planar forming a conjugated double bond
system, The benzyl substituent is twisted out of the plane
the C(5)-N(1)-C(11)-C(12) and N(1)-C(11)-C(12)-C(17)
torsion angles being 74.3(3) and 41.6(4)° in the monoclinic
phase 6aM and 75.6(8) and 41.0(7)° in the orthorhombic
phase 6a0, respectively. The results are in agreement with
those obtained by molecular modeling. Selected bond
lengths and angles are presented in Tables 2 and 3, and the
molecular structure in Figure 1a. The C(5)-C(51) bond pos-
sesses double bond character being 1.435(4) A in 6aM and
1.441(10) A in 6a0. On the other hand the C(52)-C(53)
bond is a normal single bond being 1.489(3) A in 6aM and
1.494(9) A in 6a0. The torsion angle of C(51)-C(52)-
C(53)-C(58) is 116.4(3)° in (6aM) and 113.5(7)° in (6a0).
The results of nmr and molecular modeling studies are con-
sistent. In both phases the imidazole ring is asymmetric. The
N(1)-C(2) bond length is a little longer than the N(3)-C(2)
bond, the C(2)-N(1)-C(5) angle slightly larger than the C(2)-

Table 2

Selected Bond Lengths/A for C;3H;5N30, in the Monoclinic (6aM) and
Orthorhombic (6a0) Phases, and for CgH;gN304*+Cl- (6a* HCI)

6aM 6a0 6a*HC1
N(1)-C(2) 1.349(4) 1.333(10) 1.335(10)
N@B3)-C(Q2) 1.318(3) 1.323(11) 1.339(11)
N(1)-C(5) 1.397(3) 1.405(9) 1.403(10)
N@®3)-C4) 1.366(4) 1.375(12) 1.370(12)
C(4)-C(5) 1.377(4) 1.385(10) 1.376(12)
N(1)-C(11) 1.469(3) 1.460(9) 1.497(11)
C(11)-C(12) 1.511(4) 1.521(10) 1.494(12)
C(5)-C(51) 1.435(4) 1.441(10) 1.439(11)
C(51)-C(52) 1.340(3) 1.343(11) 1.328(12)
C(52)-C(53) 1.489(3) 1.494(9) 1.464(12)
C(52)-N(52) 1.476(3) 1.466(9) 1.492(10)
N(52)-0(51) 1.215(3) 1.230Q11) 1.247(10)
N(52)-0(52) 1.219(3) 1.227(9) 1.215(11)
Table 3

Selected Bond Angles/® for C3H;sN30; in the Monoclinic (6aM) and
Orthorhombic (6a0) Phases, and for CigHgN30,°C1- (6asHCI)

6aM 620 6a~HCl
N(1)-C(2)-N(3) 112.3Q2) 1377 108.0(7)
CQ2)-N(D)-C(5) 107.3Q2) 106.8(6) 109.4(7)
CQ2)-N(3)-C(4) 104.9(2) 104.2(7) 109.6(7)
N(1)-C(5)-C(4) 103.8(2) 104.1(6) 105.4(7)
N@3)-C(4)-C(5) 111.6(2) 111.1(7) 107.6(8)
C@)»-N(1)-C(11) 125.8(2) 125.3(6) 126.2(7)
C(5)-N(1)-C(11) 126.92) 127.8(6) 124.1(6)
N(D-C(11)-C(12) 112.3(2) 111.7(5) 114.0(7)
N(1)-C(5)-C(51) 120.6(2) 120.4(6) 120.7(7)
C(4)-C(5)-C(51) 135.6(2) 135.5(7) 133.9(8)
C(5)-C(51)-C(52) 127.72) 127.0(7) 124.6(8)
C(51)-C(52)-C(53) 129.12) 128.2(6) 129.2(7)
C(51)-C(52)-N(52) 115.3(2) 115.5(7) 115.2(8)
C(53)-C(52)-N(52) 115.6(2) 116.2(6) 115.5(7)
C(52)-N(52)-0(51) 117.6(2) 117.46) 116.0(7)
C(52)-N(52)-0(52) 120.1Q2) 120.6(7) 120.5(7)
0(51)-N(52)-0(52) 122.42) 122.0(7) 123.5(7)
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N(3)-C(4) angle and the N(3)-C(4)-C(5) angle remarkably
larger than the N(1)-C(5)-C(4) angle as found in comparable
structures [22-24].

1-Benzyl-5-[(2-nitro-2-phenyl)ethenyl]imidazole was
crystallized also as a hydrochloride (6a*HCI) from a
methanol/hydrogen chloride solution. Selected bond
lengths and angles are presented in Tables 2 and 3, and
the molecular structure of the cation in Figure 1b. The
conformation of the 5-[(2-nitro-2-phenyl)ethenyl]imida-
zolium moiety is much the same as in 6aM and 6aO the
C(51)-C(52)-C(53)-C(58) torsion angle of 81.8(8)° being
about 35° more acute, however. The benzyl substituent is
now approximately perpendicular to the imidazolium ring
the torsion angles of C(5)-N(1)-C(11)-C(12) and
N(1)-C(11)-C(12)-C(13) being 163.9(6)° and 83.8(6)°,
respectively. The bond lengths of the imidazolium ring
are quite comparable to those found in the unprotonated
forms within experimental errors (Table 2) but the bond
angles indicates an appreciable aromatic character for the
imidazolium ring (Table 3) as in 3¢ and in other N(1) and
C(5) substituted structures [25-27].

Mass Spectrometry.

The structural information in the electron ionization
(EI) mass spectra of 1-benzyl substituted imidazoles 2a,
3a, 4a, 6a was scarce because the spectra were extremely
simple (Table 4). They all showed a molecular ion peak,
the relative intensity of which varied from 10 to 28%. The
benzyl group, however, dominated the fragmentations so
that besides the m/z 91 ion, which always represented the
base peak in the spectra, very few significant fragment
ions were observed. Compounds 2a, 3a, and 4a elimi-
nated a small amount of water and compound 6a lost its
nitro group. It is noteworthy, that an interaction between
the 1- and S-substituents in the form previously observed

Table 4

70 eV Mass Spectra of the Compounds Synthesized. The Peaks with
Relative Intensities Greater than 3% of the Intensity of the
Base Peak are Included unless not Due to a Molecular Ion
Compound m/z (relative intensity)

2a M+ 220 (10), 190 (36), 91 (100), 65 (13), 30 (11), 29 (18),

15 (19)

2b M+ 144 (100), 143 (29), 129 (14), 127 (16), 42 (21)

3a M+ 188 (16), 110 (18), 92 (10), 91 (100), 65 (15)

3b M+* 112 (98), 111 (33), 95 (100), 83 (33), 54 (30), 42 (66),
41 (19)

3c M+ 98 (24), 97 (37), 81 (11), 69 (16), 42 (16), 38 (32),
36 (100), 35 (12)

4a M+ 186 (38), 92 (10), 91 (100), 65 (16)

4b M+* 110 (100), 109 (38), 81 (26), 54 (32),27 97)

4c 97 (19), M* 96 (100), 95 (44), 68 (20), 67 (30), 41 (14),
40 (39)

6a M+ 305 (18), 186 (13), 92 (8), 91 (100), 65 (9)
6b M+ 229 (9), 178 (45), 110 (65), 105 (100), 91 (45), 77 (63)
6¢ M+ 215 (30), 169 (34), 115 (100), 96 (21)
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Crystal Data and Details of the Crystallographic Analyses for C4H;N,O* CI- 3¢sHCI), for C;3H;5N30, in the Monoclinic (6aM) and Orthorhombic

(6a0) Phases, and for CjgHgN;0,* Cl-¢172H,0 (6a*HCl*1/2H,0)

3¢sHC 6am 6a0 6a°HCI*1/2H,0
Formula C4H7N20+' CI- C] 8H15N302 CISH 5N302 C18H|6N302+' Cl‘-1/2H20
M, 134.6 305.3 305.3 349.8
Space group P2; /c P2, /c Pna2, P2, /n
a/A 6.875(1) 19.866(4) 12.953(4) 12.876(6)
b/A 7.342(1) 6.106(1) 5.896(1) 5.386(2)
c/A 12.580(2) 12.932(3) 20.914(6) 25.810(11)
pre 104.08(2) 98.03(2) 100.19(3)
V/A3 615.9Q2) 1553.3(6) 1597.2(8) 1762(1)
Z 4 4 4 4
DJg cm3 1.455 1.305 1.270 1.323
F (000) 280 640 640 732
Radiation Mo-Ka Mo-Ka Mo-Ka Mo-Ka
peme! 52 0.8 0.8 2.3
Scan type ® ® 0] (0]
Scan range/° 4 <20 <660 5<20<55 5<280<55 4 <208<56
Scan width/° 1.5 14 1.6 1.8
Number of unique data 1801 3577 1896 3126
Number Fyp 2 40 (F) 1500 1944 901 1097
Number of variables 101 268 123 206
(A IG)pax 0.002 0.002 0.0005 0.0005
Residue density:
Maximum (e cm-3) 0.26 0.24 0.28 0.27
Minimum (e cm-3) -.20 -.19 -24 -32
R 0.031 0.051 0.061 0.069
wR 0.051 0.055 0.070 0.072
g 0.0008 0.0005 0.001 0.001
Goodness of fit 1.39 1.46 1.40 1.37
with 1-benzyl-5-hydroxymethylimidazoles [28] was prac-
100 9 tically absent with compounds 2a, 3a, 4a and 6a. This
] interaction would lead to distonic ion with separate charge
2 and radical sites through the loss of benzene molecule
from the benzyl group. Instead, the hydrogen needed for
k the elimination of water must come from the benzyl group
) because this fragmentation was not observed when benzyl
'T’ group was replaced with methyl group or hydrogen atom.

F 03 . | An interesting feature in the spectrum of compound 6a

z ” was that there was quite intense m/z 186 ion peak (13%

% | t q pe

5 TN a @ s o0 o 5 e 5o rel. int.). The elemental composition of this ion,

2 o1 C11HgN,0 (Calcd. 186.0794, Obs. 186.0795), is the

g1 . . .

& m? same as the molecular ion of 1-benzylimidazole-5-carbox-
] b aldehyde (4a). The collision induced dissociation (CID)
spectra of the m/z 186 ions generated from compounds 4a
7 and 6a (Figure 3), however, were not identical showing
] that at least partly some other than carboxaldehyde struc-
] ture must be present in the case of compound 6a.

] In order to get more structural information the methane

. 131 chemical ionization spectra of compounds 3a, 4a and 6a
It .

s pA s o o s % s o, Wwere also recorded. .Although the m/z 91 ion peak were

e present the [M+H]}* ion always gave rise to the base peak

Figure 3. The CID mass spectra of the m/z 186 ions generated from a)
1-benzyl imidazole-5-carboxyaldehyde (4a); b) 1-benzyl-5-[(2-nitro-2-
phenyl)ethenyljimidazole (6a).

in the spectrum. Compound 3a lost water and formalde-
hyde from its [M+H]+ ions whereas compound 4a elimi-
nated only carbon monoxide. It should be noted that a tiny
[M+H-CgHg]* ion peak was present in the spectrum of
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Table 6

Atomic Fractional Coordinates (x 104) for C4H;N,0* Cl- (3c*HCI)

N1
N@)
CQ)
C(4)
CG)
C©)

H()
H(2)
H3)
H(4)
H(61)
H(62)

o1
0(52)
N(1)
NG3)
N(52)
Cc@)
c@)
cEG)
can
ca2)
c(13)
C(14)
c{s)
C(16)
camn
cGl
C(52)
C(53)
C(54)
C(55)
C(56)
(o&1))
C(58)
HQ)
H(@)
H(11D
H(112)
H(13)
H(14)
H(5)
H(16)
H(17)
H(51)
H(54)
H(S)
H(56)
HGT)
H(58)

X

1930(1)
-298(1)
2409(2)
5601(2)
41312)
4801(2)
2776(2)
1138(3)
303(39)
1230(40)
4218(33)
6987(37)
5627(37)
405(36)
1684(31)

Table 7

y

-3574(1)
65(2)
831(2)
728(2)
589(3)
1073(2)
1150(2)
1486(3)
-929(39)
844(40)
388(33)
681(38)
1216(34)
2560(40)
1553(31)

z

4302(1)
3572(1)
2084(1)
2707(1)
1805(1)
3586(1)
3196(1)
3759(2)
3770(21)
1726(22)
1059(18)
2744(19)
4416(22)
3451(20)
4480(20)

Atomic Fractional Coordinates (x 104) for C;3H;sN30,

in the Monoclinic Phase (6aM)

X

1082(1)
1933(1)
2988(1)
2906(1)
1583(1)
3182(1)
2509(1)
2540(1)
3205(2)
3707(1)
3657(2)
4115(2)
4633(2)
4686(2)
4225(2)
2248(1)
1753(1)
1333(1)
904(1)
506(2)
540(2)
964(2)
1362(1)
3485(14)
2244(13)
3413(14)
2774(14)
3272(14)
4071(16)
496%(17)
5023(18)
4264(14)
2429(12)
887(13)
176(15)
232(15)
897(13)
1679(15)

y

-6290(3)
-5689(3)
1211(3)
2650(4)
.5237(4)
2835(5)
817(5)
-135(4)
944(5)
-910(4)
-2301(5)
-3994(6)
-4311(6)
-2940(6)
-1251(5)
.2036(4)
-3322(4)
-3043(4)
-1235(5)
-957(5)
-2469(5)
-4249(5)
-4538(5)
4041(48)
254(44)
2464(46)
676(45)
-1993(44)
-5028(55)
-5540(57)
-3125(5T)
-31347)
-2451(40)
-237(45)
234(52)
-2360(49)
-5324(47)
-5448(48)

z

4457(2)
5620(2)
4891(2)
3306(2)
4797(2)
4290(2)
3276(2)
4246(2)
6017(2)
6255(2)
7087(2)
7325(3)
6742(3)
5912(3)
5666(3)
4662(2)
4187(2)
3148(2)
2975(2)
2011Q2)
1221(2)
1389(2)
2347Q2)
4580021)
2627(21)
6226(20)
6360(21)
7542(21)
7957(28)
6912(25)
5492(25)
5087(23)
5376(20)
3575(21)
1891(23)
546(24)
847(22)
2494(21)

both compounds. Compound 6a behaved typically for nitro
compounds under chemical ionization [29] especially the
loss of nitrous acid was favourable. In analogy to electron
ionization protonated 1-benzylimidazole-5-carboxaldehyde
atm/z 187 was also formed.

The appearance of the mass spectra changed drastically
when benzyl group at position 1 was replaced with methyl
group or hydrogen atom 2, 3, 4, 6, b and ¢. Now the mole-
cular ion always represented the base peak in the spec-
trum (Table 4). A general feature almost completely
absent with 1-benzyl derivatives was also the loss of
hydrogen atom from the molecular ion. Compound 2b
gave very litde fragmentation and especially the loss of
thiol group was scarce. 1-Methyl-5-hydroxymethylimida-
zole 3b behaved analogously to that of benzyl alcohol
[30] eliminating He, OHe and HCO- from its molecular
ion and CO from the [M-H]* ion. The spectra of com-
pounds 4b and 4c have been presented in literature {31]
and the spectra recorded from our compounds were iden-
tical with them proving that carboxaldehyde group in
compound 4b really was in the position 5.

Conclusions.

A high-yield route for the synthesis of 5-substituted
nitroethenylimidazoles 6a,b,c was developed. The major
product precipitated was E imidazolyl-nitro-isomer, which
could be converted to Z-isomer 6a',b,'c' in a ratio of 4:3
with uv irradiation using deuteriochloroform as a solvent.
The purification of the intermediates and the products

Table 8
Non-hydrogen Atomic Fractional Coordinates (x 104) for C;gH;5N30,
in Orthorhombic Form (6a0)
X y z
o1y 4840(4) 11283(9) -1397(4)
0(52) 5780(4) 10735(9) -564(4)
N(1) 4692(4) 3698(10) 468
N@3) 3109(6) 2282(13) 361(4)
N(52) 5044(5) 10231(11) -905(4)
CQ) 4024(7) 2083(14) 636(4)
C@) 3208(6) 4151(13) -28(5)
C5) 4185(5) 5089(12) 22(4)
C(1) 5747(5) 3909(13) 706(4)
C(12) 58438(3) 5832(9) 1187(3)
C(13) 6725 7205 1183
Cc(14) 6833 8923 1637
C@15) 6065 9267 2094
C(16) 5188 7894 2098
cQamn 5079 6177 1644
C(51) 4705(5) 7021(12) -251(4)
C(52) 4382(5) 8297(12) -744(4)
C(53) 3458(3) 7946(7) -1160(3)
C(54) 3428 6108 -1580
C(55) 2581 5810 -1983
C(56) 1764 7350 -1967
C7 1794 9188 -1547

C(58) 2641 9486 -1144
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Table 9

Non-hydrogen Atomic Fractional Coordinates (x 10%) for CjgH;4NsO;*
Cl-+1/2H,0 (6a*HCI)

x y z
a 3534Q2) 1011(5) 337(1)
o) 1892(11) 5680(35) 146(5)
o(s1) 8695(5) -2247(12) 2178(2)
0(52) 7027(5) -2919(11) 2155(2)
N() 5285(5) 4443(12) 1222(2)
NG3) 5867(5) 6005(16) 556(3)
N(52) 7745(7) -1840(13) 2002(3)
cQ@) 5109(6) 6184(17) 848(3)
C(4) 6540(7) 4110(18) 742(3)
) 6195(6) 3099(16) 11713)
can 4583(6) 3828(18) 1609(3)
c(12) 3851(6) 5878(14) 1694(3)
ca13) 2892 6200 1352
ca4) 2204 8085 1444
cs) 2475 9648 1878
C(16) 3433 9327 2220
can 4121 7442 2128
c1) 6560(7) 1097(16) 1526(3)
C(52) 7520(7) 114(15) 1588(3)
C(53) 8409(6) 791(12) 1333(3)
C(54) 8583 -455 882
C(55) 9397 302 626
C(56) 10036 2304 820
C(57) 9861 3550 1271
C(58) 9048 2793 1527

proved to be laborious, the most ideal compounds were
with benzyl at nitrogen 1 protected imidazoles, which
affected advantageously on the solubility and thus the title
compound could be crystallized cleanly. The final proof
for the position of the side chain in the imidazole ring was
obtained with the X-ray crystallography. Because the
nitroethylenes can be transformed to many interesting new
biologically active compounds, the spatial arrangement of
the double bond substituents was determined in detail.

EXPERIMENTAL

Melting points were determined with a Biichi 510 melting
point apparatus and are uncorrected. The ir spectra were mea-
sured with Nicolet 20 SXC FTIR spectrometer. Elemental
analysis were made with Carlo Erba 1106 CHN + O Analyzer
and uv irradiation with MineralightR Lamp Model UVSL 58.

NMR Spectroscopy.

The 'H nmr and !3C nmr spectra were recorded on a Bruker
AM 400 WB or AM 250 spectrometer operating at 400.1 and
100.6 MHz or 250.1 and 62.9 MHz respectively. The sample
solutions were prepared in 10 or 5 mm tubes using TMS as a
reference. The spectra were acquired using 32 kW data points
with resolution enhancement and zero filling to point resolution
better than 0.1 Hz. 'H-!H correlated COSY and NOESY spectra
were 256*512 with zerofilling, and 1H-13C spectrum using
256*4K matrix.

Mass Spectrometry.

1-Benzyl-, 1-Methyl- and 1H-5-[(2-Nitro-2-phenyl)ethenyl]imidazoles
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Mass spectra were measured with a Jeol JMS D300 15 mass
spectrometer equipped with a combined EI/CI ion source and
connected to a Jeol JMA 2000H data system. Samples were
introduced through a direct inlet probe at temperatures 313-453
K. Typical source conditions were: temperature 443 K, electron
energy 70 eV for EI and 200 eV for CI, accelerating voltage
3 kV and ionization current 300 pA. Accurate mass measure-
ments were made at resolution 5000 using the data system.
Fragmentation pathways were verified with metastable ion
analysis and/or CID spectra using linked scans at constant B/E.
CID spectra were measuied by leading helium into first field-
free region so that transmission of the main beam was 33%. CID
spectra for structural studies were recorded one after another,
with conditions kept as constant as possible. In chemical ioniza-
tion the reagent gas flow was adjusted by monitoring the source
bousing pressure (8 x 10-6 Torr).

Crystallography.

Details of crysgal parameters, data collection parameters and
refined data for compounds 3¢ and 6a are summarized in Table
5. Intensity measurements were made on a Nicolet R3m diffrac-
tometer using graphite-monochromatized Mo-K« radiation. (A =
0.71073 A). Monitoring of two check reflections showed no
crystal decay during data collections. The data sets were cor-
rected for Lorentz and polarization factors but not for absorption
since it was found to be insignificant for all compounds on the
basis of empirical ¥-scan data.

Structure Analysis and Refinement.

The crystal structures were determined by direct methods and
subsequent Fourier synthesis using the SHELXTL program pack-
age [32]. Non-hydrogen atoms were refined anisotropically
except the phenyl carbon atoms in 6a0, which were refined
isotropically and as a rigid group. The phenyl rings in 6a*HCl
were refined as a rigid group, too. In 3csHCI and 6aM the hydro-
gen atoms were located from difference Fourier maps and refined
isotropically. In 6a*HCI only the H atom attached to N(3) was
located from a difference Fourier map and refined. All the other
H atoms except those of the water molecule were placed at calcu-
lated positions with fixed isotropic thermal parameters (C-H 0.96
A and U 0.08 A2) as in 6a0, too. The weighting scheme
w = 1/[62 (F) + g F2] was used in the refinements based on F.
The final atomic cobrdinates are presented in Tables 6-9.

The Preparation of the Compounds.
1-R-5-Hydroxymethyl-2-mercaptoimidazoles 2a, 2b, 2d.

The mixture of 50 ml of n-butanol, 24 ml of acetic acid, 120
mmoles of dihydroxyacetone dimer 1, 360 mmoles of potassium
thiocyanate and 260 mmoles of benzyl- (2a) methyl- (2b) or
(diphenylmethyl)amine (2d) was stirred at room temperature for
50 hours. The precipitate was filtrated and washed with water.
Benzyl- and diphenylmethyl compounds were dried first in air then
in oven in about 100°, methylimidazole compound in vacuo
(RT/10-12 mm Hg); yields 97% 2a, 93% 2b and 70% 2d, mp 195-
200°, 206-208°, and 195-199°; 2a v (potassium bromide): cm-!
3206 (br, OH), 3030 (CH), 2925, 2850 (CH,), 2600, 2540 (SH),
1652, 1616, 1575, 1569, 1565, 1545, 1496, 1456 (benzene ring),
1554, 1506, 1487, 1378, 1257, 1003 (imidazole ring), 712, 694
(monosubst. benzene), 640 (C-S); 8y (250 MHz, DMSO-d¢): 4.23
(2H, s, CH,0OH), 5.42 (2 H, s, CH,Ph), 5.80 (1 H, br, OH), 6.99 (1
H, s, C(4)H), 731-7.41.(5 H, m, Ph); 8 46.4 (CH,, t, CH,Ph),
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533 (CH,, t, CH,0H), 113.1 (CH, 4, C-4), 125.7-130.4 (CH, m,
Ph), 137.3 (C, s, C-5), 1624 (C, 5, C-2).

Anal. Calcd. for C;;H ,N,0S: C, 59.98; H, 5.45; N, 12.72; M**
220.0670. Found: C, 61.38; H, 5.45; N, 11.82; M+* 220.0662.

Compound 2b had v (potassium bromide): cm-1 3206 (br,
OH), 3030 (CH), 2960, 2870 (CH3), 2925, 2850 (CHy), 2600,
2550 (SH), 1470 (CH,), 1485, 1446, 1295, 1013 (imidazole ring
CH), 807, 660 (C-S); 8y (DMSO-d¢): 3.54 (3 H, s, Me), 3.94 (1
H, br, OH), 4.42 (2 H, s, CH,OH), 6.89 (1 H, s, C(4)H); ¢ 30.7
(CH3, q), 53.1 (CHy, t), 112.4 (CH, d, C-4), 130.7 (C, s, C-5),
161.6 (C, s, C-2).

Anal. Caled. for CsHgN,0S C, 41.65; H, 5.59; N, 19.43; M**
144.0357. Found: C, 41.85; H, 5.74; N, 19.40; M+'144.0354.

Compound 2d had v (potassium bremide): cm! 3200 (br, OH),
3030, 3060 (arom CH), 2925, 2850 (CH,), 2890 (CH), 2550 (SH),
1660, 1600, 1550, 1450, 1250, 1150, 1050 (benzene ring), 1480,
1440, 1378, 1272, 1010 (imidazole ring CH), 1330 (CH), 750,
700 (monosubst benzene), 640 (C-S); 8y (DMSO-d¢): 3.45 (2 H,
s, CH,OH), 3.66 (1 H, s, CH), 5.18 (1 H, br, OH), 6.87 (1 H, s,
C(4)H), 7.21-7.70 (10 H, m, Ph); 8¢ 53.2 (CH,, t, CH,OH), 62.4
(CH, d, >CH-), 113.6 (CH, d, C-4), 125.1-132.8 (CH, m, Ph),
137.4 (C, s, C-5), 139.1 (C, s, Ph), 162.4 (C, 5, C-2).

1-R-5-hydroxymethylimidazoles 3a, 3b, 3c.
1-Benzyl-5-hydroxymethylimidazole 3a.

The mixture of 27 ml of 65% nitric acid and 50 ml of water was
heated to 35° and 95.45 mmoles of 2a was added in small portions
stirring and keeping the temperature between 35-37°. The reaction
mixture was stirred at that temperature for an additional 5 hours,
pH was adjusted to 10 with 30% of aqueous sodium hydroxide and
the precipitate was filtered and the product was recrystallized from
acetone. The yield was 53%, mp 131-138°; 3a v (potassium bro-
mide): cm! 3206 (br, OH), 3030 (CH), 2925, 2850 (CH,), 1504,
1456, 1439 (benzene ring), 1495, 1103, 1017, 925 (imidazole ring
CH), 1021 (OH), 743, 715 (monosubst benzene); 8 (250 MHz,
DMSO-dg): 3.80 (1 H, br, OH), 4.42 (2H, s, CH,OH), 5.34 (21, s,
CH,Ph), 6.95 (1 H, s, C(4)H), 7.25-7.47 (5 H, m, Ph), 7.64 (1 H, 5,
C(2)H); 8¢ 47.6 (CH,, t, CH,Ph), 52.8 (CH,, t, CH,OH),
125.8-130.0 (CH, m, Ph), 131.8 (C, 5, C-5), 136.8 (C, s, Ph), 137.6
(C, s, C(5), 138.9 (CH, d, C-2/C-4).

Anal. Calcd. for C;;H,N,0: C, 70.19; H, 6.38; N, 14.88;
M+ 188.0949. Found: C, 69.92; H, 6.62; N, 15.01; M+*
188.0949.

1-Methyl-5-hydroxymethylimidazole 3b.

To a solution of 15 ml 65% nitric acid and 43 ml of water was
added 2.9 mmoles of sodium nitrite and 70.8 mmoles of 2¢ in
small portions stirring and keeping the temperature lower than
35°. The mixture was stirred for an additional 1 hour and diluted
with 300 ml of water, pH was adjusted with solid sodium carbon-
ate to 8 and saturated with solid sodium chloride. The extraction
with chloroform/2-propanol (3:1) gave after evaporation 85%
yield, mp 102-106°; v (potassium bromide): cmr! 3206 (br, OH),
2960, 2870 (CH3), 2925, 2850 (CH,), 1472 (CH,), 1456 (CHy),
1514, 1483, 1245, 968, 927 (imidazole ring), 1019 (C-O); 8y
(250 MHz, DMSO-dg): 3.71 (3 H, s, CHj), 452 (2 H, s,
CH,OH), 4.82 (1 H, br, OH), 6.88 (1 H, 5, C(4)H), 7.66 (1H, s,
C(Q)H); 8¢ (DMSO-dg): 31.0 (CH3, q), 52.5 (CHy, t, CH,OH),
127.0 (CH, d, C-4), 132.1 (C, 5, C-5), 138.6 (CH, d, C-2).

Anal. Calcd. for CsHgN,O: C, 53.56; H, 7.19; N, 24.98; M+
112.0637. Found: C, 51.46; H, 6.92; N, 24.52; M+ 112.0635.
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1H-4(5)-Hydroxymethylimidazole hydrochloride 3¢ was pre-
pared as in ref [12].

A. Hydroxymethylimidazole Picrate.
This compound was obtained in 57% yield, mp 202-203°.
B. 4(5)-Hydroxymethylimidazole Hydrochloride.

This compound was obtained in 45% yield from fructose, and
in 88% yield from the picrate, mp 105-106°; v (potassium bro-
mide): cm-! 3206 (br, OH), 3121 (br, NH), 2922, 2850 (CHy),
1616 (C=N), 1460, 1449, 1140, 1070, 1034, 975, 830, 746 (imi-
dazole ring); 8y (250 MHz, deuterium oxide, dioxane): 4.61
(2 H, s, CH,OH), 7.40 (1 H, s, C(5/4)H), 8.62 (1 H, s, C(2)H);
8¢ 54.2 (CH,, t, CH,0OH), 118.4 (CH, d, C-4/5), 134.0 (C, s,
C-4/5),135.6 (CH, d, C-2).

Anal. Caled. for C4HgN,O: C, 35.82; H, 5.22; N, 20.90; M*
98.0480. Found: C, 35.49; H, 5.17; N, 20.65; M+ 98.0480.

1-R-5-Imidazolecarboxaldehydes 4a, 4b, 4c.

The mixture of 74.5 mmoles of hydroxymethylimidazole 3a, 3b
or 3¢ and 316.3 mmoles of activated manganese dioxide in 80 ml
of dioxane was refluxed for 6 hours, when R = Bn and 24 hours,
when R = Me or H. In the case of R = H the solvent was water and
the imidazole alcohol was liberated from its hydrochloride with
solid sodium carbonate. The mixture was filtered hot and man-
ganese dioxide was washed with hot solvent, and the filtrate was
evaporated in vacuo. 1-Benzyl-5-imidazolecarboxaldehyde 4a was
recrystallized from acetone, 1-methyl and 1H-carboxaldehydes 4b
and 4c were sublimed in vacuo, 65-70°/10-12 mm Hg and
150-160°/10-12 mm Hg respectively; mp 50-52° (4a), 48-50° (4b)
and 171-172° (4c), yields 80%, 80%, and 56%, respectively.

Compound 4a had v (potassium bromide): cm! 3030 (CH),
2925, 2850 (CH,), 2720, 1679 (CHO), 1347, 1257, 1125 (imida-
zole ring); 8y (250 MHz, DMSO-d¢): 5.69 (2 H, s, CH,Ph),
7.14-7.50 (5 H, m, Ph), 8.04 (1 H, s, C(2)H), 8.21 (1 H, s,
C(4)H), 9.81 (1 H, s, CHO); &8¢ 48.9 (CH,, t, CH,Ph),
125.8-129.9 (CH, m, Ph), 137.2 (C, s, C-5), 143.7 (CH, 4, C-2),
144.8 (CH, d, C-4), 180.1 (CH, d, CHO).

Anal. Caled. for C;;H oN,O C, 70.95; H, 5.37; N, 15.04; M*+*
186.0793. Found: C, 71.20; H, 5.57; N, 15.36; M+* 186.0795.

Compound 4b had v (potassium bromide): cmr! 2960, 2870,
1460, 1378 (CHjy), 2720, 1677 (CHO), 1533, 1499, 1493, 1269
(imidazole ring); 8; (DMSOdg): 3.95 (3 H, s, CHj), 8.04 (1 H,
s, C(0)H), 8.09 (1 H, s, C(HH), 9.83 (1 H, s, CHO); 8¢ 33.4
(CH;4, q), 131.8 (C, s, C-5), 142.8 (CH, d, C-2), 144.8 (CH, d,
C-4), 180.2 (CH, d, CHO).

Anal. Calcd. for CsHgN,O: C, 54.54; H, 5.45; N, 25.44; M**
110.0481. Found: C, 54.29; H, 5.41; N, 25.61; M** 110.0492.

Compound 4c had v (potassium bromide): cm-1 2957 (br,
NH), 2787, 1666 (CHO), 1449, 1336, 1309, 985, 867, 766 (imi-
dazole ring); 8 (DMSO-dg): 7.74 (1 H, s, C-(2)H), 8.02 (1 H, s,
C(4/5)H), 9.79 (1 H, s, CHO); 8¢ 129.9 (CH, d, C-2), 140.8 (C,
s, C-4/5), 139.3 (CH, d, C-4/5), 183.9 (CH, d, CHO).

Anal. Calcd. for C4H,N,O: C, 50.00; H, 4.20; N, 29.15; M*
96.0324. Found: C, 47.60; H, 4.11; N, 29.20; M** 96.0325.

Phenylnitromethane 5.

This compound was prepared according to ref [13] in 84%
yield; 8y (250 MHz, deuteriochloroform, TMS): 535 (2 H,s,
CH,NO,), 7.30-7.41 (5 H, m, Ph); 8 80.3 (CH,, t, CHy;NOy),
127.3-133.1 (CH, m, Ph).
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1-R-5-[(2-Nitro-2-phenyl)ethenyl]imidazole 6a, 6b, 6c.
General Procedure. R = Bn, CH;, H.

The mixture of 1-R-imidazolecarboxaldehyde 4a, 4b, 4¢ (7
mmoles), n-butylamine (7 mmoles) and benzene (5 ml) was
refluxed in a reaction vessel attached to a water separator until
the theoretical amount of water had been collected. The solvent
was then evaporated in vacuum. The crude product (Schiff's
base) was used directly in the next step. The solution of phenyl-
nitromethane (7 mmoles) in 1.8 ml of glacial acetic acid was
added to Schiff's base (7 mmoles). The clear homogeneous mix-
ture was allowed to stand at the room temperature until the
orange product was crystallized. The solid was filtered and
washed with water and recrystallized from ethanol, yield was
89%, mp 171-172° for 6a, 81%, mp 103-105° for 6b, and 60%,
mp 109-111° for 6¢.

Compound 6a had v (potassium bromide): cm'! 3030 (CH),
2925, 2850 (CH,), 1940, 1860, 1790, 1660 (benzene ring), 1630,
815 (-HC=C<), 1530, 1306 (C-NO,), 1533, 1485, 1460, 1380,
1270, 970, 908 (imidazole ring), 1340 (CH), 715, 693 (monosubst
benzene); BH (400 MHz, deuteriochloroform, TMS): 5.25 (2 H, s,
CH,Ph), 6.35 (1 H, s, C4)H), 7.15 (2 H, m, C(13)H), 7.27 2 H,
m, C(55)H), 737 (1 H, m, C(15)H), 7.40 (2 H, m, C(14)H), 7.50
(2 H, m, C(54)H), 7.52 (1 H, m, C(56)H), 7.64 (1 H, s, C(2)H),
8.09 (1 H, 5, -HC(51)=C<; 3¢ 49.2 (CH,, t, CH,Ph), 1209 (CH, d,
-CH=C<), 124.7 (C, s, C-5), 126.9 (CH, d, C-13), 128.8 (CH, d,
C-15), 1294 (CH, 4, C-14), 129.6 (CH, d, C-54), 1299 (CH, d,
C-55), 1304 (CH, d, C-56), 130.5 (C, s, C-53), 1349 (C, 5, C-12),
136.2 (CH, d, C-4), 141.4 (CH, 4, C-2), 147.1 (C, 5, C-52).

Anal. Caled. for C1gH5N30,: C, 70.81; H, 4.95; N, 13.76;
M+* 305.1165. Found: C, 70.84; H, 4.97; N, 13.67;
M** 305.1168.

Compound 6b had v (chloroform): cm-! 3030 (CH), 2960,
2870, 1460, 1380 (CH3), 2890, 1340 (CH), 1940, 1820, 1790,
1699, 1662 (arom CH), 1652, 815 (-HC=C<), 1533, 1310
(C-NOy), 1513, 1495, 1466, 1280, 970 (imidazole ring), 680,
640 (monosubst benzene); &y (250 MHz, deuteriochloroform,
TMS): 3.78 (3 H, s, CH3), 6.29 (1 H, s, C(4)H), 7.33-7.59 (5 H,
m, Ph), 7.44 (1 H, s, C(2)H), 8.15 (1 H, s, -HC=C<); 3¢ 32.0
(CHs,, q), 120.5 (CH, d, -CH=C<), 125.1 (C, 5, C-5), 128.3-130.8
(CH, m, Ph), 134.9 (CH, d, C-4), 141.5(CH, d, C-2).

Anal. Calcd. for C{,H1N30,: C, 62.87; H, 4.80; N, 18.33;
M+* 229.0852. Found: C, 62.58; H, 4.99; N, 17.22;
M+ 229.0853.

Compound 6¢ had v (chloroform): cm-1 3030 (CH), 2957 (br,
NH), 2890, 1340 (CH), 1940, 1820, 1790 (arom CH), 1650, 815
(-HC=C<), 1530, 1310 (C-NO,), 1508, 1284 (imidazole ring),
712, 620 (monosubst benzene); &y (deuteriochloroform, TMS):
6.32 (1 H, s, C(4/5)H), 7.16-7.75 (5 H, m, Ph), 772 (1 H, s,
C(2)H), 8.28 (1H, s, -HC, =C<); 8¢ 124.2 (CH, d, -CH=Cx),
1245 (C, s, C-5), 125.9-132.7 (CH, m, Ph), 137.8 (CH, d, C-4),
143.0 (CH, d, C-2), 147.0 (C, s, HC=C<).

Anal. Caled. for C;HgN;0,: C, 61.40; H, 4.19; N, 19.53; M**
215.0695. Found: C, 59.61; H, 4.62; N, 19.19; M** 215.0692.

UV Irradiation.

The nitroethenyl compound E-6a (200 mg) was weighed into
a 10 mm nmr tube and 4 ml of deuteriochloroform or perdeuteri-
omethanol was added. The sample was irradiated with uv lamp
at 254 nm for 80 hours at the room temperature. The reaction
was followed with 'H nmr and 13C nmr. After two hours in
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deuteriochloroform first signs of rising C-4 proton of Z-6a' were
observed at 6.45 ppm and benzylic proton at 5.20 ppm (E-6a:
6.35 and 5.25 respectively), a new vinylic carbon appeared at
108.6 ppm (E-6a: 120.9 ppm, no change in benzylic carbon), in
a ratio of Z:E 1:9. After four hours the ratio was 2:9 and after
six hours 4:3. That ratio did not change after more irradiation. In
perdeuteriomethanol no changes were observed. The sample in
the nmr tube was stored at the room temperature. The Z-isomer
started slowly to transform back to E-isomer and in about three
weeks it had totally been changed to a more stable isomer.
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