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A modified method was proposed to prepare 2-arylbenzimidazoles, 2-(aryl-Y-methyl)benz-
imidazoles, and some of their 1-ethoxycarbonyl derivatives. The condensation reactions of
2-methylbenzimidazole, 2-(aryloxymethyl)benzimidazole, and 2-(arylthiomethyl)benzimidazole with
aromatic aldehydes and phthalic anhydride were also investigated. For series of prepared
2-arylbenzimidazoles the N—H stretching frequencies were correlated with substituent constants
of the aryl moiety. The synthesized compounds exhibit moderate growth-stimulating activity on

the roots and cotyledons of Zea mays L.

Most of benzimidazoles owing to their biological
activity are significant compounds. Though benzo-
thiazole and its derivatives resemble the structure
of purines, their biological activity can be antagonistic
to that of purine bases. For instance, it was observed
that the growth of fungi caused by benzimidazole
disappeared by addition of adenine or guanine [1].
It is known that some benzimidazoles exhibit sev-
eral antimicrobial, antiparasitical, antifungal, antiulcer,
analgetical, cardiovascular, and antiasthmatic activi-
ties like drugs used in human as well as in veteri-
nary medicine [2, 3].

Benzimidazoles are also remarkable because of
their low toxicity. E.g. the wide-spectral antifungal and
antiparasitical 2-thiazolylbenzimidazole, which is em-
ployed under a commercial name Thiabendazol,
shows [4] an LDs, for rats 3330 mg kg™', for mice
3810 mg kg™, and for rabbits 3850 mg kg™'. Due to
a low toxicity for mammals benzimidazole derivatives
began to be widely used as plant-protecting media,
e.g. herbicides and fungicides [4], insecticides and
acaricides [5, 6].

The infrared spectra of 5- and 6-substituted benz-
imidazoles were investigated [7]. The absorption
bands of N—H stretching vibration measured in solid
state were observed in the region of v = 2400—3200
cm™, which indicates that the compounds are bon-
ded by intermolecular hydrogen bonds of the —N—
H---N= type. The spectra of compounds in solutions
of CH,Cl, and Cl,C=CCl, exhibit absorption bands
of v(N—H) vibration of the free N—H groups in the
region of V = 3420—3470 cm™. The electron-donat-
ing substituents incréase and the electron-withdraw-
ing ones decrease the position of the above bands.
The electron density in position 2 of benzimidazole
skeleton is most markedly influenced by substituents,
while that in position 4 is only less influenced and in
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the position 5 practically no changes can be ob-
served. '

With regard to the high biological activity and low
toxicity it seems to be uninterruptedly topical to in-
vestigate the relations between the structure and the
spectral and biological properties in series of sub-
stituted benzimidazoles. The present work was there-
fore aimed to prepare 2-arylbenzimidazoles (/—XI/)
and investigate the transmission of electronic effects
in the benzimidazole system using infrared spectra
in the region of N—H stretching vibrations
(Scheme 1). The further goal of the work was to
synthesize in analogical way 2-(aryloxymethyl)- and
2-(arylthiomethyl)benzimidazoles (X/I—XXII) and their
1-ethoxycarbony! derivatives (XXIll—XXIX) and com-
pare the influence of oxygen and sulfur bridges on
the yields of products as well as to investigate the
growth-regulating activity for all synthesized sub-
stances.

EXPERIMENTAL

The infrared spectra of compounds /—VIll were
taken in the region of v = 3100—3500 cm™ on a
Zeiss M 80 spectrometer at room temperature. For
measurements solutions in trichloromethane (purified
and dried in usual manner) and NaCl cells of 1 cm
and 2 cm thickness were used. The concentration
of measured solutions was chosen to reach trans-
mittance between 25 % and 30 % for investigated
bands. Peak positions were determined with an ac-
curacy of + 0.1 cm™. The data together with substi-
tuent constants are listed in Table 2.

'H NMR spectra were measured on Tesla BS 487
A (80 MHz) instrument. The results are summarized
in Table 3.
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Scheme 1

In the biological tests the seeds of maize (Zea
mays L.) were moistened for 12 h in solutions of
appertaining compounds. Afterwards they were soon
on filter paper, coiled up, placed into the perforated
polyethylene bags and hanged for 4 d. After expira-
tion of the above time the length of roots and the
above-ground parts of plants were measured. The
results of measurements were evaluated in percent-
age against to the reference sample. Because of the
low solubility of compounds in water the tested so-
lutions were prepared by dilution of solutions of com-
pounds in dimethylformamide of ¢ = 102 mol dm™
by water. The reference sample was cultivated in
dilute dimethylformamide. The results are listed in
Table 4.

2-Arylbenzimidazoles (/—X/) and 2-(Aryl-Y-
methyl)benzimidazoles (X/I—XXII)

A reaction mixture consisting of 1,2-diaminoben-
zene (10 mmol), corresponding carboxylic acid (10
mmol), and boric acid (2 mmol) was heated for 5 h
at 200—210 °C under stirring and removal of water
formed during the reaction. After completion of the
reaction the mixture was cooled down by addition
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of water (50 cm®), refluxed for 30 min and cooled
down again to 50 °C. The precipitate was sucked
off and recrystallized from the mixture of ethanol and
water. The yield was 80—90 %. The physical and
analytical properties of prepared novel compounds are
given in Table 1 and those of the known ones are in
agreement with the data published earlier [8, 9].

1-Ethoxycarbonyl-2-(aryl-Y-methyl)benz-
imidazoles (XXII—XXIX)

A mixture of 2-(aryl-Y-methyl)benzimidazoles (2
mmol) (or compounds XXXVI and XLII), ethyl chloro-
formate (2 mmol), and triethylamine (2 mmol), ac-
etone (15 cm), and dimethylformamide (1 cm®) was
stirred for 1 h at — 5 °C. The precipitate was recrys-
tallized from acetone or a mixture of cyclohexane—
ethanol. The physical and analytical properties of
synthesized compounds are given in Table 1.

2-(2-Hydroxy-2-(R*-phenyl)ethyl)benzimidazoles
(XXX—XXXIV)

A mixture of 2-methylbenzimidazole (1.4 g; 10
mmol), corresponding R3-phenylcarbaldehyde (11
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2-SUBSTITUTED BENZIMIDAZOLES

Table 1. Newly Prepared Benzimidazole Derivatives

wicalc) %
Compound Formula w,(found)/% M.p./°C
M, [ H N Cl
Xl C,4HCI3N,O 51.32 2.76 8.55 32.46 191—193
327.59 51.10 2.48 8.53 32.44
Xl C,sH;3CIN,O 66.05 4.80 10.27 12.90 227—228
272.70 66.28 4.64 10.35 12.68
Xiv Cys5H,2CI,N,0 58.65 3.94 9.18 23.08 202—204
307.18 58.89 4.00 9.06 22.94
). 4% C,6H;sCIN,O 67.01 5.27 9.76 12.36 226—228
286.76 67.15 5.24 9.7 12.50
Xvi C,4H11N304 62.45 412 15.60 - 173—175
229.26 63.30 4.10 15.81 -
Xvil Ci4H1oN,O5 54.89 2.81 19.70 - 315—317
284.20 54.64 2.78 19.56 -
Xviil C,gHN0 81.60 7.20 11.20 - 148—149
250.22 81.47 7.15 11.36 -
XIX C,5H,3CIN,O 66.05 4.80 10.27 12.90 209—210
272.70 66.20 4.64 10.35 12.68
XX CioH1gNO 79.10 5.55 9.71 - 227—228
288.22 79.34 5.42 9.56 -
XX1 Cy4H2NLS 69.94 4.99 11.65 - 136—137
240.26 70.15 5.12 11.84 -
XXl Cy4H,;CIN,S 61.15 4.00 10.19 12.88 184—186
274.71 61.34 4.18 10.29 12.99
XX C,7H,3CI3N,0,4 51.09 3.27 7.00 26.61 146—148
399.66 50.94 3.17 6.88 26.57
XXIvV Cy1Hp4N,04 71.55 6.81 7.95 - 98—99
352.20 71.41 6.63 7.81 -
) 9.4 C,gH;;,CIN,O4 62.70 4.96 8.10 10.28 92—95
344.80 62.77° 4.84 8.89 10.27
XXVvi CaoHzoN,04 73.32 5.59 7.77 - 98—101
360.41 73.56 5.68 7.94 -
XXvil C,;H,sN305 59.82 4.43 12.31 - 144—145
341.32 59.61 4.54 12.48 -
XXVl C,7H:N,0,S 65.36 5.16 8.97 - 69—70
312.39 65.22 5.28 8.92 -
XXIX C;7H,5CIN,0,S 58.87 4.36 8.08 10.22 80—81
346.84 58.65 4.48 8.25 10.46
XXX C,eH1gN2O 76.16 6.39 11.10 - 196—198
252.20 76.19 6.14 11.15 ¢ -
XXXI CysH1gN20, 71.59 5.96 10.44 - 190—192
268.20 71.33 5.59 10.41 -
XXXl C,sH,3CIN,O 66.07 4.77 10.27 12.99 215—218
272.70 66.31 4.74 10.13 12.87
XXX C,5H,3CIN,O 66.07 4.77 10.27 12.99 232—233
272.70 66.22 4.80 10.27 12.75
XXXIV CysH,3N304 63.60 4.62 14.83 - 211—213
283.30 63.72 4.57 14.82 -
XXXV C,sHi2N, 81.79 5.49 12.71 - 199—202
220.20 81.55 5.48 12.78 -
XXXVI CigH14N, 81.98 5.97 11.95 - 221—223
234.20 81.63 5.78 11.88 -
XXXVl C,sH,,CIN, 70.73 4.35 10.99 13.92 223—225
254.70 70.48 4.44 10.63 13.33
XXxvii C,sH,,CIN, 70.73 4.35 10.99 13.92 226—228
254.70 70.51 4.43 10.69 13.45
XXXIX C,6H,4NO 76.78 5.64 11.19 - 205—207
250.30 76.54 5.63 10.89 -
XL Cy7H7N; 77.56 6.46 15.96 - 139—141
204.20 77.28 6.50 15.67 -
XLl CygHy N, 78.31 7.26 14.42 - 240—242
291.30 78.08 7.30 14.68 -
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Table 1 (Continued)
wi(calc.)/%
Compound Formula w,(found)/% M.p./°C
M. c N Cl
XL CisH1N30, 67.87 4.14 15.84 - 325—327
265.20 67.52 4.08 15.72 -
XL C;5H,1N30, 67.87 4.14 15.84 - 199—202
265.20 67.64 4.22 15.65 -
XLIvV CigH1sN304 64.03 4.44 12.45 - 182—183
337.30 63.75 4.38 12.32 -
XLV CyeH1sN20; 74.52 5.94 9.14 - 136—137
306.20 74.38 5.71 9.02 -
XLvi Cy6H10N20; 73.22 3.81 10.67 - 360 (decomp.)
262.20 73.10 3.62 10.43 -
XLVl C5,H,3CIN,O, 67.96 3.37 7.22 9.51 299—302
372.70 67.80 3.65 7.52 9.21
XLvii CxH13N305 66.16 3.26 10.52 - 264—266
399.30 65.92 3.14 10.31 -

For compound XXVIII wg(calc.)/%: 10.26; wgs(found)/%: 10.39; for XXIX wg(calc.)/%: 9.24; wg(found)/%: 9.02.

mmol), and H3BO; (1 mmol) was heated and stirred
at 160 °C for 2.5 h. After cooling of the reaction mix-
ture the product was crystallized from ethanol. The
yield was 60—70 %. (Higher yields were obtained
(75—80 %) by adding of nitrobenzene (5—10 cm®)
to the reaction mixture. After the reaction nitroben-
zene must be separated by distillation.)

2-(R*-Styryl)benzimidazoles (XXXV—XLII)

A mixture of 2-methylbenzimidazole (1.4 g; 10 mmol),
corresponding R3-phenylcarbaldehyde (11 mmol),
and boric acid (1 mmol) was heated and stirred at
210—220 °C for 4 h. After cooling of the reaction
mixture the product was crystallized from dioxane.
The yield was ca. 70—75 %.

Reaction of Phthalic Anhydride with 2-(Aryl-Y-
methyl)benzimidazoles

The mixture of the freshly melted phthalic anhy-
dride (3 g; 20 mmol), 2-(aryl-Y-methyl)benzimidazole
(10 mmol), and boric acid (1 mmol) or CH;COOK (1
mmol) was heated at 180—190 °C for 3 h. After cool-
ing of the reaction mixture the solid product was
washed with warm water, then crystallized from the
ethanol—dimethyl sulfoxide mixture. Products XLVI—
XLVIII are in Table 1. :

RESULTS AND DISCUSSION

The compounds I—XXII (see Tables 1—3) were
‘prepared by modification of procedures published
previously [6, 8—10]. The modification consisted of
the prolongation of reaction time from 4 h to 6 h and
use of boric acid instead of more acidic POCI; or
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polyphosphoric acid [6, 10]. The above procedure
appeared convenient because the yields compara-
ble with those published in literature (i.e. 45—65 %)
were obtained. The modified method is particularly
advantageous for synthesis of 2-(aryloxymethyl)-
benzimidazoles (X//—XX) (Table 1) arising in the
yields of 80—88 %. The 2-(arylthiomethyl) derivatives
(XXI, XXII) originated in the yields of 70—72 %. The
only exceptions were 2-(4-nitrophenoxymethyl)- (XV/)
and 2-(2,4-dinitrophenoxymethyl)benzimidazole
(XVII) obtained in the yields of 40 % and 15 %, re-
spectively. The carbethoxylation of some of the com-
pounds X/I—XXII afforded 1-ethoxycarbonyl deriva-
tives (XXIII—XXIX) in the yields of 90—95 % under
experimental conditions described in Experimental.
By this reaction it is important to use triethylamine
diluted in acetone and add it dropwise to the reac-
tion mixture under cooling. The purpose of carbeth-
oxylation on the nitrogen atom of benzimidazole ring
was to increase the lipophilicity of compounds and
possibly rise their growth-regulating activity.

The condensation reactions of 2-methyl-, 2-(aryl-
oxymethyl)-, or 2-(arylthiomethyl)benzimidazole with
aromatic aldehydes or phthalic anhydride were stud-
ied. We found that acetic anhydride cannot be used
as the reaction medium, therefore the imidazole ring
is acylating and opening. By reaction of the aromatic
aldehydes with 2-methylbenzimidazole the aldol or
condensation products or a mixture of both of them
were isolated. The conditions of these reactions are
described in Experimental.

The main aldol products were obtained at reaction
temperature of 160 °C or at the temperature of re-
fluxing nitrobenzene. The major condensation prod-
ucts occurred at 200—220 °C. The aldol products are
not stable in acidic media. The heating of aldol prod-
ucts (60—80 °C) in acetic acid led to anhydro de-
rivatives, which can be regarded as a suitable

Chem. Papers 47 (6) 393—400 (1993)



2-SUBSTITUTED BENZIMIDAZOLES

Table 2. The N—H Stretching Frequencies (in CHCI,;) and Corresponding Substituent Constants for 2-Arylbenzimidazoles (/—VIII)

Compound ¥ (v(N—H))/cm™ s a*? o ° g2 @8
! 3474.2 -0.90 -1.42 -0.90 0.01 -0.91
I 3470.0 -0.27 0.78 0.27 0.26 - 0.51
n 3470.0 -0.17 -0.31 -0.17 - 0.04 -0.13
v 3459.3 0.00 0.00 0.00 0.00 0.00
v 3467.0 0.37 0.40 0.49 0.41 0.00
Vi 3466.0 0.62¢ 0.62° 0.76 - -
il 3465.5 0.71 0.67 0.71 0.67 0.00
viil 3465.0 0.78 0.79 1.27 - 0.67 0.16

a) Taken from Ref. [11]; b) [12]; ¢) [13]; d) [14]; e) [15].

Table 3. 'H NMR Spectra of 2-Substituted Benzimidazoles
Compound Solvent ()
Xl DMSO-dg 2.23 (s, 3H), 5.34 (s, 2H), 7.13—7.52 (m, 7H)
Xiv DMSO-dg 1.76 (d, 3H, J = 6 Hz), 5.6—5.8 (g, 1H), 7.10—7.59 (m, 7H)
). 4" DMSO-dg 1.74 (d, 3H, J = 6 Hz), 2.24 (s, 3H), 5.55—5.80 (q, 1H), 7.10—7.49 (m, 7H)
Xvi CDCl, 5.46 (s, 2H), 7.25—7.92 (m, 8H), 9.75 (br, 1H)
XViil CDCl, 1.14 (d, 6H, J = 6 Hz), 2.23 (s, 3H), 3.29 (q, 1H, J = 7.5 Hz), 5.32 (s, 2H), 7.04—7.70 (m, 7H)
XXl DMSO-dg 1.06 (t, 3H, J = 6 Hz), 3.42—3.51 (q, 2H, J = 7 Hz), 5.48 (s, 2H), 7.12—7.32 (m, 2H), 7.52—
7.67 (m, 2H), 7.73 (s, 1H), 7.79 (s, 1H)
XXIv CDCl, 1.16 (d, 6H, J = 6 Hz), 1.37 (t, 3H, J = 6 Hz), 2.32 (s, 3H), 3.25 (quin., 1H, J = 6 Hz), 4.43 (q,
1H, J = 6 Hz), 5.50 (s, 2H), 7.06—7.9 (m, 7H)
XXV DMSO-dg 1.3 (t, 3H, J = 6 Hz), 2.15 (s, 3H), 4.45 (q, 2H, J = 7 Hz), 5.54 (s, 2H), 7.11—7.46 (m, 7H)
XXVI CDCl, 1.49 (t, 3H, J = 5 Hz), 1.50 (d, 3H, J = 5§ Hz), 4.45 (q, 2H, J = 6 Hz), 6.38 (q, 1H, J = 6 Hz),
7.16—7.89 (m, 11H)
XXVl CDCl, 1.49 (t, 3H, J = 6 Hz), 4.58 (q, 2H, J = 6 Hz), 5.64 (s, 2H), 7.33—7.92 (m, 7H)
XXVl CDCl,4 1.51 (t, 3H, J = 6 Hz), 4.62 (s, 2H), 4.54 (q, 2H, J = 6 Hz), 7.16—7.86 (m, 9H)
XXIX CDCl, 1.53 (t, 3H, J = 8 Hz), 4.59 (s, 2H), 4.55 (q, 2H, J = 8 Hz), 7.13—7.67 (m, 8H)
XXXI DMSO-dg 1.71 (d, 2H, J = 6 Hz), 2.22 (s, 3H), 5.65 (q, 1H, J = 4 Hz), 7.03—7.46 (m, 8H)
XXXl DMSO-dg 3.14 (d, 2H, J = 6 Hz), 5.17 (q, 1H, J = 6 Hz), 5.82 (d, 1H, J = 6 Hz), 7.05—7.54 (m, 8H)
XXXl DMSO-dg 3.11 (d, 2H, J = 6 Hz), 5,12 (q, 1H, J = 6 Hz), 5.74 (d, 1H, J = 4 Hz), 7.37 (s, 4H), 7.05—7.16
(m, 2H), 7.42—7.53 (m, 2H)
XXXIV DMSO-dg 3.15 (d, 2H, J = 6 Hz), 5.27 (q, 1H, J = 6 Hz), 5.95 (d, 1H, J = 6 Hz), 7.08—8.25 (m, 8H)
XXXV CDCl, 7.25—7.70 (m, 11H), 10.5 (br, 1H, NH)
XXXV DMSO-dg 7.07—7.65 (m, 11H)
XXXVI CDCl, 2.31 (s, 3H), 7.02—7.64 (m, 10H), 8.46 (br, 1H)
XXXVil DMSO-dg 7.13—7.75 (m, 10H)
XXxvii DMSO-dg 7.12—7.72 (m, 10H), 12.6 (br, 1H, NH)
XXXIX DMSO-dg 3.76 (s, 3H), 6.72—7.74 (m, 10H)
XL CDCl, 2.98 (s, 6H), 6.50—7.87 (m, 10H)
XL DMSO-dg 1.12 (t, 6H, J = 8 Hz), 3.40 (q, 4H, J = 8 Hz), 6.8—8.02 (m, 10H)
XL DMSO-dg 7.06—8.75 (m, 10H), 9.06 (br, 1H, NH)
XLV CDCl, 1.58 (t, 3H, J = 6 Hz), 4.61 (q, 2H, J = 6 Hz), 7.29—8.43 (m, 10H)
XLV CDCly 1.50 (t, 3H, J = 6 Hz), 2.77 (s, 3H), 4.57 (q, 2H, J = 8 Hz), 7.23—7.92 (m, 10H)
XLviI DMSO-dg 7.26—7.82 (m, 9H)

method for preparation of pure condensation prod-
ucts from reaction mixtures. We found that 2-(aryl-
thiomethyl)benzimidazole with phthalic anhydride
gave 2-(2-benzimidazolyl)-1,3-indandione (XLV/) with
simultaneous removing of arylthio group. No prod-
ucts were obtained from the reaction of 2-(aryloxymeth-
yl)benzimidazole with aromatic aldehydes. However,
using phthalic anhydride 3-((2-benzimidazole)aryl-
oxymethylene) phthalides (XLVII, XLVIII) were ob-
tained (Scheme 2).

The results of biological tests (Table 4) show that
2-(2,4,5-trichlorophenoxymethyl)benzimidazole (X//)
possesses the highest activity; the growth of the roots
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being by 35 % higher compared to the reference sam-
ple. It can be generally stated that the concentration
of the tested compound ¢ = 10~ mol dm= moderately
stimulates the growth of the roots and cotyledons of
Zea mays. A distinct stimulating activity appears al-
most at all tested compounds at the concentration ¢ =
1 x 107 mol dm™, it decreases again at the concen-
tration ¢ = 1 x 10 mol dm™. Practically no change
of growth-regulating activity was observed by the in-
troduction of ethoxycarbonyl group into the structure
of 2-(aryl-Y-methyl)benzimidazoles. The aldol and the
condensation products are also stimulating with re-
spect to the growth of plants (Table 4).
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The relatively high values of N—H stretching fre-
quencies of compounds /—VI/II (Table 2) indicate that
the benzimidazole N—H group exists in the form free
of intermolecular hydrogen bonds. The electron-with-
drawing substituents (aryl groups) decrease and the
electron-donating ones increase the values of N—H
stretching frequencies, which is in accordance with

the classical conception on the transmission of sub-
stituent effects, as well as with the results published
earlier [7]. The above data were correlated with Ham-
mett o, electrophilic ¢* and nucleophilic o™ substituent
constants using one-parameter correlation equations

v(N—H) = pc + q (1)

Table 4. Growth-Regulating Activity (a, for roots, a, for leaves) of Prepared Compounds in % of Reference Sample

aq % a,/%

Compound c¢/(mol dm™) ¢/(mol dm™)
107 107 10°° 107 107 107°
Xl 109 135 98 109 128 99
Xl 110 115 103 105 116 110
Xlv 81 126 101 119 122 102
XV 72 115 110 80 108 104
Xvi 96 108 101 89 115 108
XX 78 108 110 94 108 101
XXl 64 119 108 116 122 99
XX 86 116 98 111 121 104
XXV 64 121 105 102 116 103
XXVI 98 106 103 101 122 106
XXVii 94 112 104 110 115 103
XXVl 88 112 108 101 100 100
XXIX 78 92 106 102 100 100
XXXl 108 120 103 110 116 103
XXXV 106 116 101 102 108 103
XL 111 1156 103 100 112 98
XLI 100 105 80 96 104 103
XLV 99 113 98 110 116 101
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2-SUBSTITUTED BENZIMIDAZOLES

Table 5. Results of Statistical Treatment of Linear Correlations for Series of 2-Arylbenzimidazoles

Correlation b . g i
) ne r sfem™ © plem™ glem™®
equation

@) 8 0.996 0.29 -5.29 + 0.19 3469.1

(2 8 0.975 0.74 - 3.84 + 0.36 3468.4

3) 8 0.976 0.72 -4.34 + 0.39 3469.4

4) 7 0.997 0.31 - 5.48 + 0.48 3469.2

- 5.19 + 0.409

a) Number of experimental points used in correlations; b) correlation coefficient; ¢) standard deviation; d) slope; e) intercept;

N p=pz: 9) P= P

V(N—H) = po* + q ()
V(N—H) = pc~+gq (€)

The results of statistical treatment of the above
correlations are listed in Table 5 and the dependence
of statistically most significant relations is graphically
illustrated in Fig. 1. It follows from the above results
that the most significant correlation was obtained
(r = 0.996) when original Hammett o constants are
used. This indicates that the electronic effects of aryl
group are transmitted to N—H group of the benzimi-
dazole ring approximately equally well by both the
inductive and resonance mechanism.
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Fig. 1. Plot of N—H stretching frequencies against Hammett
o substituent constants for 2-arylbenzimidazoles (/—VIII).
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Fig. 2. Swain—Lupton correlation of N—H stretching frequen-
cies of 2-arylbenzimidazoles (/I-V, VII, and VIII).
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To separate the field and resonance effects the
N—H stretching frequencies of 2-arylbenzimidazoles
were correlated with & and R substituent constants
of the Swain—Lupton equation

V(N—H) = pF + pR + q 4)

The results of correlations are given in Table 5 and
illustrated in Fig. 2. For determination of the contri-
bution of resonance effects to the transmission of
total substituent effects eqn (5) was employed.

o _ 100¥(py)
b= — 5)
olos|+ olow| (

where ¢ and y are defined by relations (6) and (7).

o=3IF| -Fn (6)
y=X|R-R|/n @

where n is the number of points used in correlations
and % and & are the arithmetic means of field and
resonance constants applied in the correlation. It fol-
lows from the results that in series of 2-arylimidazoles
the contribution of resonance effect is % % = 45.5,
which documents that differently to 2-aryl-5H-
dibenzold,f]-[1,3]-diazepines [16, 17] the electronic
effects are transmitted approximately equally well by
both the inductive (field) and resonance mechanism.
From the above said it can be concluded that in 2-
arylbenzimidazoles the aryl moiety is well conjugated
and coplanar with benzimidazole skeleton.
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Two water-soluble arabinose-rich polysaccharides have been isolated from the primary wall of
poplar (Populus alba L.) callus culture cells. Their structures have been investigated using chemical
methods and NMR spectroscopy. The general, structural features of the polysaccharides are

discussed.

Primary cell walls of plants contain considerable
amounts of arabinose-rich polysaccharides as hemi-
cellulosic components or constituents of pectic poly-
mers [1, 2]. The occurrence of these polymers in
the cell walis of actively growing cells may assume
a certain nonspecified physiological function [3, 4].
In the framework of the research of cell wall poly-
saccharides of poplar (Populus alba L.) callus tis-
sue a water-soluble, arabinose-rich fraction of pec-
tic polymers was isolated [5]. Fractionation and
structural characterization of this material is the sub-
ject of this report.

EXPERIMENTAL
Material and Methods
Cell walls were isolated from poplar (Populus alba L.
var. pyramidalis) callus culture cells as described [5].
All evaporations were carried out below 40 °C.

Spectral data were recorded with a Perkin—Elmer
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G 9836 (for IR) and a Specord UV VIS spectrometer.
Optical rotations (1 cm?® cell) were measured with
a Perkin—Elmer Model 141 polarimeter at (20 £+ 1) °C
and 1 = 585 nm, in water. Free-boundary electro-
phoresis of polysaccharide solutions (p = 10 mg cm™)
was performed in 50 mM sodium tetraborate buffer
of pH 9.2 with a Zeiss 35 apparatus for 30 min at
150 V and 8 mA. Analytical GLC separations were
performed on a Hewlett—Packard Model 5711 A in-
strument. A stainless steel column (2.0 m x 3 mm)
coated with A, 3 % of SP-2340 on Chromosorb WAW-
DMCS (150—170 pum) was used with N, carrier-gas
flow rate 30 cm®*min~". The temperature program was
120 °C — 250 °C at 4 °C min~" for the separation of
fully acetylated alditols.

GLC-MS analysis was performed on a Hewlett—
Packard 5985 A instrument equipped with B, OV-17
capillary glass-column (25 m x 0.21 mm) and the
temperature program was 180 °C — 260 °C at 3 °C
min~' with initial hold of 1 min. Paper chromatogra-
phy was performed on Whatman No. 1 and No. 3
MM papers, using C ethyl acetate—acetic acid—for-
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