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ABSTRACT

Several ether and ester derivatives of aryl ald@srhave been synthesized from the aryl aldehytiesti8es of
all new products were established by spectral ndghdlany of the obtained compounds showed hightgritstc
against fungal pathogens Botrytis cinerea, Fusaricmtmorum, Phytophthora cactorum, and Rhizoctorikars
than the reference substance chlorothalonil, reaghi00% inhibition rate at 200 mg/L concentration.
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INTRODUCTION

Biological activity of oxime derivatives is knownrfseveral decades. They are attractive synthett lgecause of
their low toxicity to non-target organisms and wreagmode of action [1]. The reported oxime derivedivan be
classified into a few groups of compounds. Mostdagvatives or analogues of known strobiluring;i\dives of

3-methoxypropenoic acid [2-4] or azoles — pyrazaled thiazoles [5], benzimidazole [6], triazole,[#iadiazole
[8-9]. To the other classes of known oxime ethezboig macrocyclic ketones or analogue derivativigs11],

carbamate derivatives [12], triterpene oleanolicl @xime ester derivatives [13], and benzyl ethdesjvatives of
acetophenone oxime and arylaldoxime [14].

Several oxime ethers listed in the Pesticide Mansath as alloxydim, pyrifenox, and fluxofenim, pléesyed
herbicidal and fungicidal activity [15].

Fungal pathogen8otrytis cinerea, Fusarium culmorum, Phytophthoctorum, and Rhizoctonia solanare a
threat to many valuable crops. There is a contisuneed for new selective plant protection agents tiu
appearance of growing pathogens resistance. Thierefe decided to examine the biological potencyhef new
simple aromatic aldehyde derivatives.

We have been interested in the synthesis and prepesf aryl aldehyde Schiff bases for some timevegal

salicylaldehyde hydrazones showed a moderate figaiand bactericidal activity [16[n continuation of our work
on aryl aldehydes Schiff bases we undertook thehsgis of new oxime derivatives as potentially dgitally

active compounds. Herein we present results of@sgarch on preparation and biological screenirggeéral aryl
aldoxime alkyl ethers as well as acetate and cetéoesters, which were the subject of our receteinpapplication
[17].

EXPERIMENTAL SECTION
Reagent grade chemicals were used without furthafigation unless otherwise note@®-MOM protective group

was introduced following the published procedur@][Bpectra were obtained as follows: IR spectra dASCO
FTIR-420 spectrometetH NMR spectra on a Varian 200 UNITY plus 200, spewieter in deuterated chloroform.
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Chemical shifts are given in pprd)(relative to TMS as an internal standard, couptingstants are reported in Hz.
El mass spectra were run on a AMD M-40, HR El mggsctra on a AMD 604. The octanol/water partition
coefficients (clo@) were calculated using the computer program Hyparc7.5.

2.1. A typical procedure for synthesis of oxime etlrs 3aa—3ee

A solution of oxime2a (0.4 g, 2.2 mmol), DMSO (3 ml), propyl bromide §0g, 4.1 mmol), and potassium
hydroxide (0.8 g) in water (6 ml) was stirred abmotemperature for half an hour. Then brine waseddd5 ml)
and the mixture was extracted with ethyl acetatee drganic layer was washed with brine. After dgymwver
anhydrous MgS@ the solvent was evaporated under vacuum. Theupt8ab was obtained as a yellow oil 0.38 g
(77%). IR (neat) 1608, 1511, 1236, 1152, 1014, 832, cnmt; '"H NMR (CDCk, 200 MHz)$ 8.04 (s, 1H, HC=N),
7.51 (ddJ = 8.8 Hz, 2H, H-2,6), 7.02 (§ = 8.8 Hz, 2H, H-3,5), 5.19 (s, 2H, O-Gi®), 4.10 (tJ = 6.8 Hz, 3H, O-
CH,-CH,), 3.48 (s, 3H, -OCH), 0.97 (t,J = 7.5 Hz, 3H, CH) EI MS m/z (% intensity) 223 (58), 192 (8), 164 (5),
151 (15). HR EI MS calcd. forgH;;NOs: 223.1208, found: 223.1203.

2.1.1 (E)-4-Methoxymethoxybenzaldoxime O-ethyl ether (3aa)

A yellow oil (67%); IR (neat) 3000, 1649, 1511, 843237, 1153, 1016, 953, 709 ¢ntH NMR (CDCk, 200
MHz) ¢ 8.03 (s, 1H, HC=N), 7.52 (d,= 8.8 Hz, 2H, H-2,6), 7.03 (d, = 8.8 Hz, 2H, H-3,5), 5.19 (s, 2H, OGHI),
4.21 (q,d = 7.0 Hz, 2H, O-CHCHs), 3.47 (s, 3H, O-CHO-CH,), 1.3 (t,J = 7.0 Hz, 3H, CH) EI MS m/z(% of
intensity) 209 (75), 179 (30), 151 (20), 134 (7R HI MS calcd. for ¢H;sNOz: 209.1052, found: 209.1055.

2.1.2.(E)-4-methoxymethoxybenzaldoximeD-2-propyl ether (3ac)

A yellow oil (85%); IR (neat) 2974, 1607, 1511, 23153, 972, 834 ¢ 'H NMR (CDCk, 200 MHz)6 8.01 (s,
1H, HC=N), 7.52 (dJ = 8.8 Hz, 2H, H-2,6), 7.02 (d,= 8.8 Hz, 2H, H-3,5), 5.19 (s, 2H, O@B)), 4.42 (septuplet,
1H, (CHy),-CH), 3.48 (s, 3H, O-CHO-CH;,), 1.3 (d,J = 6.4 Hz, 6H, CH) El MS m/z(%) 223 (74), 192 (44), 181
(41), 516 (64). HR EI MS calcd. for,&1,,NOs: 223.1208, found: 223.1216.

2.1.3.(E)-4-MethoxymethoxybenzaldoximeO-butyl ether (3ad)

A yellow oil (52%); IR (neat) 2958, 1607, 1511, 9830236, 1153, 997, 834 ¢€m'H NMR (CDCk, 200 MHz)
8.03 (s, 1H, HC=N), 7.51 (d,= 8.9 Hz, 2H, H-2,6), 7.02 (d, = 8.9 Hz, 2H, H-3,5), 5.19 (s, 2H, 0GB, 4.15 (t,
J = 6.6; 13.2 Hz, 2H, O-CHCH,), 3.48 (s, 3H, O-CHO-CH,), 0.95 (t,J = 7.2Hz, CH). EI MS m/z (% of
intensity) 237 (54), 236 (17), 206 (47). HR El M&ad. for GaH,oNO3: 237.1365, found: 237.1365.

2.1.4.(E)-4-MethoxymethoxybenzaldoximeO-pentyl ether (3ae)

A yellow oil (46%); IR (neat) 2932, 1607, 1511, 9834 cn'; *H NMR (CDCk, 200 MHz)6 8.03 (s, 1H, HC=N),
7.51 (d,J = 9.0 Hz, 2H, H-2,6), 7.03 (d,= 9.0 Hz, 2H, H-3,5), 5.19 (s, 2H, O-Gi®), 4.14 (tJ = 6.6 Hz, 2H, O-
CH,-CHy), 3.48 (s, 3H, OCBJ, 0.92 (m, 3H, Ch) EI MS m/z(%of intensity) 251 (60), 250 (23), 220 (60), 128).
HR EI MS calcd. for @H,1NO3: 251.1521, found: 251.1527.

2.1.5.(E)-2-MethoxymethoxybenzaldoximeO-ethyl ether (3ba)

A yellow oil (96%); IR (neat) 3441, 2878, 1605, 548239, 1154, 1052, 998, 757 tm'H NMR (CDCL, 200

MHz) § 8.49 (s, 1H, HC=N), 7.81 (ddd,= 8.0; 1.7; 0.5 Hz, 1H, H-6), 7.31 (m, 1H, H-4), T (td,J = 8.4; 1.3 Hz,
1H, H-3), 7.00 (m, 1H, H-5), 5.20 (s, 2H, O-¢8), 4.23 (qJ =7.0 Hz, 2H, O-CHCHjy), 3.47 (s, 3H, OCHJ, 1.33

(t, J = 7.0 Hz, 3H, CH) EI MS m/z (% of intensity) 209 (30), 178 (55), 164 (55), 13P). HR EI MS calcd. for
C11H1sNO3: 209.1052, found: 209.1057.

2.1.6 (E)-2-MethoxymethoxybenzaldoximeO-propyl ether (3bb)

A yellow oil (85%); IR (neat) 2964, 1605, 1485, 034239, 1154, 988, 756, 628 ¢nH NMR (CDCk, 200 MHz)
5 8.49 (s, 1H, HC=N), 7.81 (dd,= 1.6; 7.8 Hz, 1H, H-6), 7.30 (m, 1H, H-4), 7.09 (dd=8.6; 1.2 Hz, 1H, H-3),
6.99 (tm,J = 7.0 Hz, 1H, H-5), 5.21 (s, 2H, O-G¥D, 4.13 (t,J = 6.7 Hz, 2H, O-ChHCH,-CHs), 3.48 (s, 3H,
OCHg), 1.74 (sextuplet) = 7.2 Hz, 2H, CHCH,CHz), 0.98 (t,J = 7.5 Hz, 3H, CH). El MS m/z (% of intensity)
223 (30), 164 (70), 132 (52), 119 (35). HR El M&dafor C,H;;NOs: 223.1208, found: 223.1207.

2.1.7.(E)-2-MethoxymethoxybenzaldoximeO-2-propy! ether (3bc)

A yellow oil (66%); IR (neat) 2974, 1603, 1486, 923154, 1080, 972, 756 m'*H NMR (CDCk, 200 MHz)§

8.47 (s, 1H, HC=N), 7.81 (dd,= 1.9; 7.8 Hz, 1H, H-6), 7.30 (m, 1H, H-4), 7.12 (dd= 0.8; 7.6 Hz, 1H, H-3),
7.00 (t,J = 7.7 Hz, 1H, H-5), 5.19 (s, 2H, O-GHD), 4.46 (septuplet] = 6.2 Hz, 1H, CH(CHjy),), 3.47 (s, 3H, O-
CHy), 1.31 (d,J = 6.2 Hz, 3H, CH) El MS m/z(% of intensity) 223 (35), 164 (70), 132 (48), 1(69). HR EI MS
calcd. for G,H,7NOs: 223.1208, found: 223.1204.
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2.1.8.(E)-2-MethoxymethoxybenzaldoximeO-butyl ether (3bd)

A yellow oil (73%); IR (neat) 2959, 1606, 1486, 923154, 997, 755 ¢ *H NMR (CDCk, 200 MHz)4 8.49 (s,
1H, HC=N), 7.88 (ddJ = 2.0; 7.8 Hz, 1H, H-6), 7.31 (m, 1H, H-4), 7.11 (dd: 8.4; 1.0 Hz, H-3), 7.00 (m, 1H, H-
5), 5.20 (s, 2H, O-CHO), 4.17 (tJ = 6.6 Hz, 2H, OCH-(CH,),), 3.48 (s, 3H, OCH), 1.68 (m, 2H, CHCH,-0),
1.44 (m, 2H), 0.96 (1) = 7.0 Hz, 3H, CH-CH,). EI MSm/z(% of intensity) 237 (14), 164 (55), 132 (40), @80).
HR El MS calcd. for GHgNOg: 237.1365, found: 237.1368.

2.1.9.(E)-2-MethoxymethoxybenzaldoximeO-pentyl ether (3be)

A yellow oil (46%); IR (neat) 2932, 1605, 1485, 743378, 1239, 1204, 1105, 1080, 997, 755, 628, ¢kt NMR
(CDCl3, 200 MHz)6 8.49 (s, 1H, HC=N), 7.81 (dd,= 1.8; 7.6 Hz, 1H, H-6), 7.31 (m, 1H, H-4), 7.10 (bi, H-3),
7.0 (m, 1H, H-5), 5.20 (s, 2H, O-GHD), 4.16 (t.J = 6.8 Hz, 2H, CH-(CH,);), 3.48 (s, 3H, O-CK) 1.72 (m, 2H,
CH,CH,;0), 1.39 (m, 4H), 0.92 (§ = 7.0 Hz, 3H,_CHCH,). EI MS m/z (% of intensity) 251 (13), 164 (56), 119
(41), 45 (100). HR EI MS calcd. for;§H,iNO3: 251.1521, found: 251.1532.

2.1.10.(E)-2-Methoxymethoxy-5-chlorobenzaldoximeD-ethyl ether (3ca)

A yellow oil (85%); IR (neat) 2977, 1481, 1401, 124158, 1126, 1080, 1052, 992, 813'¢crtH NMR (CDCE,
200 MHz)6 8.39 (s, 1H, HC=N), 7.79 (d,= 2.6 Hz, 1H, H-6), 7.27 (dd, = 8.8; 2.6 Hz, H-4), 7.05 (d, = 8.8 Hz,
1H, H-3), 5.18 (s, 2H, O-CHO), 4.23 (qJ =7.1 Hz, 2H, -O-CHCHjy), 3.47 (s, 3H, -OCH), 1.33 (t,J =7.1 Hz, 3H,
CHs). EI MS m/z (% of intensity) 243 (10), 214 (80), 198 (12), 14D0). HR El MS calcd. for £H14CINOs:
243.0662, found: 243.0669.

2.1.11 (E)-2-Methoxymethoxy-5-chlorobenzaldoximeD-propyl ether (3cb)

A yellow oil (85%); IR (neat) 2964, 1481, 1401, 124158, 1126, 1080, 990, 813 ¢ntH NMR (CDCk, 200
MHz) § 8.40 (s, 1H, HC=N), 7.79 (d,= 2.8 Hz, 1H, H-6), 7.25 (dd), =8.8; 2.6 Hz, 1H, H-4), 7.05 (d,=8.8 Hz,
1H, H-3), 5.18 (s, 2H, O-CHO), 4.13 (t,J = 6.8 Hz, 2H, O-CHCH,), 3.47 (s, 3H, OCH), 1.74 (sextuplet) = 7.6
Hz, 2H, CHCH,CH), 0.98 (t,J = 7.8; 7.4 Hz, 3H, Ck.El MS m/z(% of intensity) 257 (20), 198 (30), 166 (20),
153 (40). HR EI MS calcd. for@H;CINO;: 257.0819, found: 257.0823.

2.1.12 (E)-2-Methoxymethoxy-5-chlorobenzaldoximeD-2-propyl ether (3cc)

A yellow oil (65%); IR (neat) 2975, 1482, 1401, 031322, 1241, 1158, 1125, 1080, 977, 813, 62%; ¢kt NMR
(CDCls, 200 MHz)6 8.38 (s, 1H, HC=N), 7.79 (d,= 2.6 Hz, 1H, H-6), 7.45 (dd, = 8.8; 2.6 Hz, 1H, H-4), 7.05 (d,
J =8.8 Hz, 1H, H-3), 5.17 (s, 2H, O-GHD), 4.46 (septuplet] = 6.2 Hz, 1H, (CH),-CH), 3.46 (s, 3H, OCH}, 1.29
(t, J = 6.2 Hz, 3H, CH) EI MS m/z (% of intensity) 257 (14), 198 (22), 153 (31), @®0). HR EIl MS calcd. for
C12H16C|N03: 257.0819, found: 257.0820.

2.1.13 (E)-2-Methoxymethoxy-5-chlorobenzaldoximeD-butyl ether (3cd)

A yellow oil (61%); IR (KBr) 2959, 1481, 1241, 115892 cn’; *H NMR (CDCk, 200 MHz)6 8.39 (s, 1H, HC=N),
7.79 (d,J = 2.8 Hz, 1H, H-6), 7.22 (dd,= 9.0; 2.6 Hz, H-4), 7.05 (d,= 9.0 Hz, 1H, H-3), 5.18 (s, 2H, O-GiD),

4.18 (t,J = 7.0 Hz, 2H, O-CHCH,), 3.47 (s, 3H, OCk}, 0.96 (t,J =7.4 Hz, 3H, CH) 1.71 (m, 2H, CHCH,0),

1.43 (m, 2H), 0.96 (] = 7.4 Hz, 3H, CH). El MSm/z(% of intensity) 271 (19), 200 (22), 198 (31), 183). HR
El MS calcd. for GH15CINO3: 271.0984, found: 271.0983.

2.1.14. E)-2-Methoxymethoxy-5-chlorobenzaldoximeD-pentyl ether (3ce)

A yellow oil (48%); IR (neat) 2933, 1481, 1241, 813126, 1080, 991, 813 ¢m'H NMR (CDCk, 200 MHz)§
8.39 (s, 1H, HC=N), 7.79 (d,= 2.6 Hz, 1H, H-6), 7.24 (dd}, = 9.0; 2.6 Hz, 1H, H-4), 7.06 (d,= 9.0 Hz, 1H, H-
3), 5.18 (s, 2H, O-CHO), 4.17 (t,J =6.6 Hz, 2H, O-CH-CH,), 3.47 (s, 3H, OCH}, 1.72 (m, 2H, OCKCH,), 1.36
(m, 4H, CHCH,CHj), 0.92 (s, 3H, Ck). EI MS m/z(% of intensity) 285 (26), 200 (18), 198 (48), 158). HR EIl
MS calcd. for GsH,oCINO5: 285.1132, found: 285.1131.

2.1.15 (E)-4-(2-propyl)benzaldoximeO-ethyl ether (3da

A yellow oil (67%); IR (neat) 2962, 1055, 933, 88@*; "H NMR (CDCk, 200 MHz)4 8.06 (s, 1H, HC=N), 7.50
(d,J = 8.4 Hz, 2H, H-2,6), 7.22 (d, = 8.4 Hz, 2H, H-3,5), 4.21 (¢}, = 7.2 Hz, 2H, CHO), 2.92 (m, 1H, -CH-),
1.32 (t,J = 7.2 Hz, 3H, CHCHjy), 1.25 (d,J = 6.8 Hz, 6H, (CH),-CH). EI MSm/z (% of intensity) 191 (93), 176
(100), 148 (55), 130 (33). HR EI MS calcd. fopid;;NO: 191.1310, found 191.1305.

2.1.16.(E)-4-(2-propyl)benzaldoximeO-propyl ether (3db)

A yellow oil (68%); IR (neat) 2962, 1461, 1056, 9®B6, 829 cnt; 'H NMR (CDCk, 200 MHz)d 8.06 (s, 1H,
HC=N), 7.50 (dJ = 8.2 Hz, 2H, H-2,6), 7.22 (d, = 8.2 Hz, 2H, H-3,5), 4.11 (§ = 6.8 Hz, 2H, CHO), 2.91 (m,
1H, (CHy),-CH), 1.73 (m, 2H, CH-CH), 1.25 (d,J = 6.8 Hz, 6H, (CH),-CH), 0.97 (tJ = 7.2 Hz, 3H, CH-CH,).
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El MS m/z (% of intensity) 205 (83), 190 (45), 148 (100)21@®1). HR EI MS calcd. for gHgNO: 205.1470,
found: 205.1470.

2.1.17.(E)-4-(2-propyl)benzaldoximeO-2-propy! ether (3dc)

A yellow oil (69%); IR (neat) 2965, 1321, 1123, 9829 cni; "H NMR (CDCk, 200 MHz)6 8.04 (s, 1H, HC=N),
7.5 (d,J = 8.4 Hz, 2H, H-2,6), 7.22 (d, = 8.4 Hz, 2H, H-3,5), 4.44 (m, 1H, (GHCH-0), 2.91 (m, 1H, (Ch),-
CH), 1.30 (d,J = 8.2 Hz, 6H, (CH),-CH-0O) 1.25 (d,J = 7.0 Hz, 6H, (CH),-CH-0). El MSm/z (% of intensity)
205 (1), 148 (100), 146 (48), 130 (30). HR EI M&dafor G 3H;gNO: 205.1471, found: 205.1471.

2.1.18.(E)-4-(2-propyl)benzaldoximeO-butyl ether (3dd)

A yellow oil (67%); IR (neat) 2960, 1462, 1054, 9829 cn; *H NMR (CDCk, 200 MHz)§ 8.06 (s, 1H, HC=N),
7.50 (d,J = 8.1 Hz, 2H, H-2,6), 7.22 (dl = 8.1 Hz, 2H, H-3,5), 4.16 (f] = 6.6 Hz, 2H, CHO), 2.91 (m, 1H,
(CHz)>-CH), 1.70 (m, 2H, OCKCHy), 1.45 (m, 2H, CHCH,CH,), 1.25 (d,J = 6.8 Hz, 6H, (CH),-CH), 0.91 (t,J =
7.0 Hz, 3H,_CH-CH,). EI MS m/z (% of intensity) 219 (21), 77 (26), 57 (28), 415)5HR EI MS calcd. for
C1H,iNO: 219.1628, found: 219.1633.

2.1.19 (E)-4-(2-propyl)benzaldoximeO-pentyl ether (3de)

A yellow oil (70%); IR (neat) 2959, 1460, 1056 &mMH NMR (CDCk, 200 MHz)d 8.06 (s, 1H, HC=N), 7.50 (d,

= 8.2 Hz, 2H, H-2,6), 7.22 (d,=8.2 Hz, 2H, H-3,5), 4.15 (§ =6.6 Hz, 2H, CHO), 2.91 (m, 1H, (ChCH), 1.71

(m, 2H, OCHCH,), 1.36 (m, 4H), 1.25 (dl = 7.0 Hz, 6H, (CH),-CH), 0.91 (tJ = 6.8 Hz, 3H, CH) El MS m/z(%

of intensity) 233 (42), 202 (36), 188 (60), 174 )6560 (70). HR EI MS calcd. forgH,sNO: 233.1780, found:
233.1775.

2.1.20Q (E)-2,4-DichlorobenzaldoximeO-ethyl ether (3ea)

A yellow oil (68%); IR (neat) 2977, 1587, 1477, 438126, 1047, 969, 850, 821 ¢mH NMR (CDCk, 200 MHz)
0 8.42 (s, 1H, HC=N), 7.40 (d,= 8.6 Hz, 1H, H-6), 7.38 (d, = 2.0 Hz, 1H, H-3), 7.24 (dd, = 8.6; 2.2 Hz, 1H, H-
5), 4.25 (qJ = 7.1 Hz; 2H, O-CH), 1.33 (t,J = 7.1 Hz; 3H, O-CH). EI MS m/z (% of intensity) 217 (94), 191
(25), 174 (40), 172 (55). HR EI MS calcd. fosHgCI,NO: 217.0048, found: 217.0051.

2.1.21 (E)-2,4-DichlorobenzaldoximeO-propyl ether (3eb)

A yellow oil (63%); IR (neat) 2965, 1588, 1472, B38059, 993, 944, 864, 821 ¢ntH NMR (CDCk, 200 MHz)5

8.43 (s, 1H, HC=N), 7.84 (d,= 8.6 Hz, 1H, H-6), 7.39 (dl = 2.0 Hz, 1H, H-3), 7.23 (dd, = 8.6; 2.0 Hz, 1H, H-
5), 4.15 (tJ = 6.6 Hz; 2H, O-CH)), 1.74 (m, 2H, -CH), 0.89 (t,J = 7.4 Hz; 3H, CH). El MSm/z(% of intensity)
231 (34), 119 (23), 189 (35), 172 (66). HR EI M&dafor G¢H;,CI,NO: 231.0204, found: 231.0207.

2.1.22.(E)-2,4-DichlorobenzaldoximeO-2-propyl ether (3ec)

A yellow oil (67%); IR (neat) 2976, 1588, 1473, 134122, 1053, 982, 830 ¢m'*H NMR (CDCk, 200 MHz)
8.40 (s, 1H, HC=N), 7.85 (d,= 8.6 Hz, 1H, H-6), 7.39 (dl = 2.2 Hz, 1H, H-3), 7.23 (dd, = 8.6; 2.2 Hz, 1H, H-
5), 4.67 (septuplet] = 6.2 Hz, 1H, O-CH-), 1.29 (d} = 6.2 Hz; 6H, -CH). EI MS m/z (% of intensity) 231 (11),
189 (23), 149 (12), 111 (18). HR EI MS calcd. fqgH;;CI,NO: 231.0213, found: 231.0210.

2.1.23.(E)-2,4-DichlorobenzaldoximeO-butyl ether (3ed)

A yellow oil (79%); IR (neat) 2959, 2873, 1587, 241380, 1208, 1101, 1062, 968, 929, 965, 821;cm NMR
(CDCl3, 200 MHz)6 8.42 (s, 1H, HC=N), 7.84 (d,= 8.4 Hz, 1H, H-6), 7.39 (dl = 2.0 Hz, 1H, H-3), 7.23 (dd, =
8.6; 2.0 Hz, 1H, H-5), 4.19 (8, =6.6 Hz; 2H, O-CH), 1.71 (m, 2H, CKHCH,0O), 1.44 (m, 2H), 0.96 (] = 7.4 Hz,
3H, -CH;). EI MS m/z (% of intensity) 245 (14), 214 (26), 200 (26), 18®). HR EI MS calcd. for GH:CIL,NO:
245.0369, found: 245.0369.

2.1.24.(E)-2,4-dichlorobenzaldoximeO-pentyl ether (3ee)

A yellow oil (69%); IR (neat) 2932, 1588, 1471, 038057, 864, 821 ¢ *H NMR (CDCk, 200 MHz)6 8.42 (s,

1H, HC=N), 7.84 (dJ = 8.6 Hz, 1H, H-6), 7.39 (d] = 2.2 Hz, 1H, H-3), 7.23 (dd, = 8.6; 2.0 Hz, 1H, H-5), 4.18
(t, J = 6.8 Hz; 2H, O-CH), 1.72 (m, 2H, -Cht), 1.36 (m, 4H), 0.92 (m, 3H, -GhH. EI MSm/z(% of intensity) 259
(38), 230 (48), 228 (53), 216 (62). HR EI MS calfmt.C;,HsCI,NO: 259.0533, found: 259.0533.

2.2. Deprotection of oxime ethers

A solution of etheBba (0.092 g, 0.44 mmole) was added to the solutiooooic. HCI (1 drop) in methanol (4 mL)
and the mixture was heated to reflux for 26 h. $bleent was removeith vacuq water was added and the mixture
was extracted with dichloromethane (3x5 mL). Thiitsan was dried (MgS¢) and the solvent was evaporatad
vacuoto yield a phenol oxime ether as an oil, 0.0586&4). IR (neat) 2979, 1609, 1490, 1266, 1052, 958,cm’;
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'H NMR (CDCl, 200 MHz)3 9.96 (s, 1H, OH), 8.17 (s, 1H, HC=N), 7.23 (m, 24,6), 6.94 (m, 2H, H-3,5), 4.23
(q,J = 7.0 Hz, 2H, O-CHCHy), 1.35 (t,J = 7.0 Hz, 3H, CH).

2.3. A typical procedure for synthesis of oxime e#irs 3af— 3ef

A mixture of oxime2c (0.43 g, 2 mmol), DMSO (3 ml), ethyl bromoacetéles mL, 4.95 mmol) and potassium
carbonate (3 g) in water (2 ml) was stirred at rdemperature for 18 h. Then 20 ml of brine was ddaled the
solution was extracted with ethyl acetate. Afteyimly over anhydrous MgSQthe solvent was evaporated under
vacuum. The produ@cf was obtained as a yellow oil 0.45 g (75%); IR (@834, 1759, 1482, 1402, 1202, 1158,
1079, 987, 815 cth *H NMR (CDCk, 200 MHz)4 8.54 (s, 1H, HC=N), 7.76 (d,= 2.6 Hz, 1H, H-6), 7.26 (dd, =
9.0; 2.6 Hz, 1H, H-3), 7.06 (d,= 9.0 Hz, 1H, H-4), 5.18 (s, 2H, O-GHD), 4.71 (s, 2H, O-CHC=0), 4.26 (9, =
7.0 Hz, 2H, O-CHCHy), 3.47 (s, 3H, OCHJ, 1.31 (t,J = 7.0 Hz, 3H, CH-C). EIl MSm/z (% of intensity) 301 (12),
200 (12), 166 (11), 153 (39). HR EI MS calcd. fqeH;sCINOs: 301.0717, found: 301.0722.

2.3.1.(E)-Ethyl 4-methoxymethoxybenzaldoximeD-acetate (3af)

A yellow oil (69%); IR (neat) 2932, 1754, 1606, 051152, 999, 836 cm*H NMR (CDCk, 200 MHz)J 8.16 (s,
1H, HC=N), 7.52 (dJ = 8.8 Hz, 2H, H-2,6), 7.02 (d,= 8.8 Hz, 2H, H-3,5), 5.20 (s, 2H, O-GID), 4.69 (s, 2H, O-
CH,-C=0), 4.25 (q,J = 7.2 Hz, 2H, -OCHCH), 3.48 (s, 3H, -O-CH), 1.29 (t,J = 7.2 Hz, 3H, CH). El MSm/z(%
of intensity) 267 (75), 137 (20), 164 (21), 134)28R EI MS calcd. for GH,;NOs: 267.1107, found: 267.1108.

2.3.2(E)-Ethyl 2-methoxymethoxybenzaldoximeD-acetate (3bf)

A yellow oil (69%); IR (neat) 2983, 1737, 1373, 124155, 1046, 759 cfn’H NMR (CDCk, 200 MHz)d 8.63 (s,
1H, HC=N), 7.77 (ddJ = 1.4; 7.8 Hz, 1H, H-6), 7.32 (ddd = 2.0; 7.6; 8.4 Hz, 1H, H-4), 7.12 (ddi= 1.0; 8.2 Hz,
1H, H-3), 6.98 (tdJ = 0.4; 7.4; 7.2 Hz, 1H, H-5), 5.21 (s, 2H, O-£8), 4.71 (s, 2H, O-CkC=0). El MSm/z (%
of intensity) 164 (12), 133 (15), 119 (10), 102.(7)

2.3.3.(E)-Ethyl 4-(2-propyl)benzaldoxime O-acetate (3df)

A yellow oil (67%); IR (neat) 2963, 1739, 1283, B1®58, 831 cm. '"H NMR (CDCk, 200 MHz)4 8.12 (s, 1H,
HC=N), 7.50 (dJ = 8.0 Hz, 2H, H-2,6), 7.24 (d,= 8.0 Hz, 2H, H-3,5), 4.70 (s, 2H, O-GI®C=0), 4.26 (m, 2H, -
0O-C,Hs), 2.92 (m, 1H, (Ch),-CH), 1.26 (t,J = 7.0 Hz, 2H, -CH), 1.25 (d,J = 6.8 Hz, 6H, (CH),-CH) El MS m/z

(% of intensity) 249 (5), 163 (86), 148 (100), 1383). HR MS calcd. for GH;1gNOs: 249.1365, found: 249.1360.

2.3.4.(E)-Ethyl 2,4-dichloro) benzaldoximeO-acetate (3ef)

A yellow oil (75%); IR (neat) 2982, 1761, 1587, B47.381, 1205, 1100, 1052, 1025, 917, 872'cthi NMR
(CDCl3, 200 MHz)6 8.57 (s, 1H, HC=N), 7.80 (d,= 8.6 Hz, 1H, H-6), 7.40 (dl = 1.8 Hz, 1H, H-3), 7.23 (dd, =
8.6; 2.0 Hz, 1H, H-5), 4.73 (s, 2H, O-6&=0), 4.25 (q) =7.2 Hz, 2H, O-CH)), 1.31 (t,J = 7.2 Hz, 3H, CH). El
MS m/z (% of intensity) 275 (30), 176 (22), 172 (100),/183). HR ElI MS calcd. for GH;;CI,NO3: 275.0116,
found: 275.0116.

2.4. A typical procedure for synthesis of oxime ests 3bg, 3eg

A solution of the oximee (0.78 g, 4.1 mmol) and triethylamine (0.41 g, ¢hfhol) in methylene chloride (20 ml)
was stirred at 0 °C for 5 minutes. Then a solutibrerotonoyl chloride (0.82 ml, 4.1 mmol) was added the
solution was stirred for 20 hours at room tempegatAfter this time, the reaction mixture was wakkaccessively
with 10% cold acetic acid (5 ml), 10% sodium cariten(5 ml), brine and water. Produ8#g was obtained as a
white solid 0.72 g (68%), mp. 48-4€. IR (KBr) 1753, 1654, 1584, 1475, 1387, 1296,1,1491, 986, 826 cih

'H NMR (CDCk, 200 MHz)& 8.78 (s, 1H, HC=N), 7.62 (d,= 8.4 Hz, 1H, H-6"), 7.55 (dJ = 1.8 Hz, 1H, H-3"),
7.42 (qdJ = 15.8; 7.0 Hz, 1 H, H-3), 7.38 (dd = 8.4; 1.9 Hz, 1H, H-5’), 5.97 (dd,= 15.8; 1.9 Hz; 1H, -CH=CH-
), 1.97 (ddJ =7.0; 1.9 Hz, 3H). EI MS m/z (% intensity) 173 (1)1 (23), 147 (20), 136 (31). HR EI MS calcd.
for C11H9C|2N02: 257.0010, found: 257.0018.

2.4.1. E)-2-methoxymethoxybenzaldoxime crotonate (3bg)

A yellow oil (67 %); IR (KBr) 2959, 1747, 1374, 1231049 crit ; *H NMR (CDCk, 200 MHz) 5 8.45 (s, 1H,
HC=N), 7.54 (m, 1H, H-4), 7.23 (m, 1H, H-3), 7.18,(1H, H-5), 6.92 (m, 1H, H-6), 5.96 (dq, J=16.6 Hz, 2H,
H-7), 5.31 (s, 1H, H-8), 5.24 (s, 2H, -O-GHD-) 3.53 (s, 3H, -OCk) 1.97 (dd, J=7.2; 1.7 Hz, 3H, GI€H=). El
MS m/z (%) 217 (10), 101 (20), 86 (100), 58 (22).

2.5. Fungicidal testing

The compounds were screened for fungicidal actiwityitro test carried out againg&. cinereaPers. Ex FrF.
culmorum Sacc.,P. cactorumSchroek, andR. solaniKuhn, which involved determination of mycelial gribw
retardation in potato-glucose agar (PGA). Stocktsmhs of test chemicals in acetone were addeddo medium to
give a concentration of 200y x mI* and dispersed into Petri dishes. Four discs coingithe test fungus were
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placed at intervals on the surface of the solidifigyar and the dishes were then inoculated foddy® depending
on the growth rate of the control samples, afteictvliungal growth was compared with that in untegatontrol

samples. The fungicidal activity was expressechagpercentage of fungi linear growth inhibition quared to that
of the control.

RESULTS AND DISCUSSION

3.1. Chemistry
The title compounds were synthesized as presentedSé¢heme 1. The starting materials were 4-
isopropylbenzaldehyde,  2,4-dichlorobenzaldehyde, licdaldehyde,  4-hydroxybenzaldehyde, and 5-
chlorosalicylaldehyde. In the hydroxybenzaldehyedewatives protection as a methoxymethyl (MOM) etheas
applied. It was introduced using@® catalyzed acetal exchange reaction with dimethetiiame and the Huning’s
base [18], thus avoiding using of carcinogenic aeethyl methyl ether as a substrate. This praiachinction
was used because it is very labile and on the dthed somé-MOM-protected compounds were screened and
showed biological activity [19]. The aldehyd&a-1le were then converted to the oximes with hydroxylamin
hydrochloride in the presence of aqueous sodiumadxydie. E configuration of the oximes was established based
chemical shift values of HC=N proton fhi NMR spectra above 8.0 ppm [20-22]. Oxime etheesewfrequently
obtained in the literature in anhydrous conditionghe presence of strong bases such as sodiundbyair sodium
methoxide [23]. We have carried out arylaldehydemaxalkylation with primary or secondary alkyl brigias with
application of aqueous-DMSO solutions of potasshydroxide following the known procedure [24]. Ore thther
hand oxime acetates were prepared in milder camdgitdf the reaction in aqueous-DMSO solutions daggium
carbonate. Som®-MOM derivatives (e.g3ba) were deprotected using modification of the putdis procedure
with a methanolic solution of hydrochloric acid [2B8leutral conditions of this deprotection can Ipplaed as well,
such as ones using zirconium(1V) chloride [26]. Deiesters were obtained with crotonoyl chlorid®®M in the
presence of triethylamine as a base.

OH OR

CHO I I
R1 H. N Ho-N
i R1 ii RL
R3 — —
2
R R3 R3
1 R2 2 R2 3
1,2 3
R! R’ R R R? R® | R=Et | R=Pr| R# |R=Bu | R=pentyl | R=CKCOEt | R=
Pr COCH=CHCH
12a|H OMOM | H H OMOM | H [3aa | 3ab | 3ac | 3ad 3ae 3af -
1,2b | OMOM | H H OMOM | H H [3ba | 3bb | 3bc | 3bd 3be 3bf 3bg
1,2c |OMOM |H Cl OMOM | H Cl | 3ca 3cb | 3cc | 3cd 3ce 3cf -
1,2d |[H i-Pr H H i-Pr H |3da | 3db | 3dc | 3dd 3de 3df -
1,2e | Cl Cl H Cl Cl H |3ea | 3eb | 3ec | 3ed 3ee 3ef 3eg

Scheme 1. Synthesis of oximes 2 and oxime ethersl@sters 3. Reagents:NH,OH x HCI, NaOH, rt, 10 h; ii AlkBr, KOH, DMSO-H ,0,
rt, 0.5 h; BrCO,Et, K,COs, DMSO, rt, 18 h; CH;:CH=CHCOCI, NEt3, CH.Cl,, 0°C->rt, 20 h.

Esterification of oximes was accompanied by fororatof side products, resulting from oxime dehydmatand
from deoximation as exemplified in Scheme 2. Sudtg@sses were observed before [27].

OH OCOCH=CHCH,

' |

I H O

a . C

+ +
2e 3eg
cl Cl 4 le
Cl cl
Scheme 2. Products of oxime esterification. Reageni CH;CH=CHCOCI, NEt3, CH,Cl,, 0°C->rt, 20 h
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3.2. Biological activity and structure-activity relationship

The obtained 32 oxime derivatives were evaluatedtro against four plant pathogenic furigi cinerea (BC), F.
culmorum (FC), P. cactorum (PGIndR. solani (RS)The screening results are displayed in the Taiglether with
calculated logarithms of octanol-water partitiorefficient dogP. They indicate variable antifungal activity at
concentration of 200 mg/L. This concentration isutieely used in our laboratories in standard sdregn
experiments. Tests at the lower concentrationscarged out only where there is a special intefesh given
compound. Comparison of the activity with chlordtiml shows that many compounds are more potent the
reference substance. Altogether 13 oxime derivativere more active agairBC, 19 compounds were more active
against~C, 4 compounds againBC and 16 compounds were more potent ag&Sthan chlorothalonil.

The obtained ethers and esters can be divided finéo groups differing in the phenyl ring and oxinpart
substituents. In all five groups the oxime moietyfunctionalized with different alkyl and alkenytbanyl groups.
Compounds from the first and the second group aegivatives of, respectively, 4-alkoxy- and 2-
alkoxybenzaldehyde. Four ethers from the first grehow high activity againd. solani Ethers and esters from
the second group are particularly active agdinstinereaandR. solanifungal strains.

The third group include 2-alkoxy-5-chloro derivass Three ethers and the esleg excel in inhibitory activity
againstB. cinerea this ester is highly active also against the ptheee tested fungal strains. Compounds from the
fourth group, derivatives of 4-isopropylbenzaldehyake less potent; the exception are ethers sutlestitwith
methylethoxycarbony! function, which are active iagaall fungal strains. Ethers and esters fromfifile group
with 2,4-dichloro aromatic substitution pattern elxin antifungal activity againd®. cinereaandR. solanifungal
strains.

In general 11 compounds showed 100% inhition rg&enstB. cinereaand 14 compounds exhibited 100% inhition
rate againsR. solani The antifungal activity of the title compoundogled some correlation with lipophilicity of
the oxime derivatives as measured by the logarithm

Table. Antifungal activity of compounds 3aa-3egas inhibion rate (%) at 200 mg/L and ¢og P

Compounds R: &5 R: GH, R: (CH;).CH R: GHq R: GHi; | R: CHCOOEt| R: CHCH=CHCO
NOR 2.43+0.55| 2.96+0.55 2.78+0.55 | 3.50+0.55| 4.03t0.55 2.53:0.59
BC 69.5 BC 47 BC 82 BC 60 BC 66 BC O
FC 76 FC 80 FC 80 FC 48 FC 47 FC 10 -
PC 64.5 PC 68.5 PC 56% PC 30 PC 6 PC O
OCH,OCH;4 RS 100 RS 100 RS 100% RS 100 RS 56 RS 14
__NOR 2.03+0.55| 2.57+0.55| 2.384#0.56 | 3.10+0.55| 3.63+0.55| 2.13+0.59 2.24+0.61
BC 100 BC 100 BC 100% BC 70 BC 28 BC 0 BC 100
OCH;0CH3 FC 100 | FC 31,5% | FC 69,5% FC 53 FC 40 FC 22 FC 76
PC 10 PC 0% PC 29% PC 16.3 PC 2 PC O PC 100
RS 100 RS 100 RS 100% RS 100 RS 66 RSO RS 100
_NOR 2.92+0.56| 3.45+0.56 3.27+0.57 | 3.98+0.56| 4.51+0.56 3.02+0.60
BC 100 BC 100 BC 100% BC 75 BC 4 BC 40
OCH0CHs | FC 675 | FC 61.5 FC 58% FC 58 FC 19 FC 53 -
PC 135 PCO PC 4% PCO PC 5 PC O
cl RS 100 RS 75 RS 76% RS 50 RS 62 RS 56
NOR 4.25+0.53| 4.78+0.50 4.59+0.51 | 5.31+0.50| 5.84+0.50 4.35+0.55
BC 32 BC 73 BC 26% BC 46 BC 38 BC 100
FC 34 FC 33 FC 14% FC 29 FC 10 FC 100 -
PC 6.3 PC 8.8 PC 2,5% PC 6 PC 15 PC 100
RS 58 RS 68 RS 70% RS 64 RS 26 RS 100
~NOR 4.36+0.53| 4.90+0.53 4.71+£0.53 | 5.43+0.53| 5.96+0.53 4.46x0.57 5.02+0.59
cl BC 100 BC 100 BC 100 BC 66 BC 58 BC 76 BC 100
FC 40 FC 50 FC 30 FC 44 FC 35 FC 20 FC 69
PC 58 PC 25 PC 125 PC 3.8 PC 0 PC 58 PC 100
a RS 100 RS 100 RS 100 RS 58 RS 46 RS 100 RS 100
Chlorothalonil® cLogP 2.53+0.41; BC 80; FC 38; PC 61; RS 88

& reference compoun@C: Botrytis cinerea, FC: Fusarium culmorum, PC: Phylidpora cactorum, RS: Rhizoctonia solani

of octanol-water partition coefficiertogP [28]. No straightforward dependence was found betwthe calculated
lipophilicity and the biological activity which cdwe partly explained by presence of three diffestnictural types
of compounds in this study. However, the optimalges of togP could be observed. For the most active agd&nst
cinereaether derivatives with electron-donating substiteen the aromatic ring (isopropyl and MOM ethetogP

fell in the range of 2.0 — 2.8. The other favoueatdnge of logP for ethers and esters with electron-withdrawing
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substituents (2,4-dichloro) was that of 4.3 — Hr0case of compounds most active agaRstolanithe optimal
range of lipophilicity corresponded tdogP of 2.2 — 3.1. Only for esters with strongly electwithdrawing
substituents more lipophilic compounds were prefiidogP equal 4.3 — 5.0). Finally, for compounds most pbte
againstF. culmorum andP. cactorumthe advantageous ranges of lipophilicity were ¢haith dogP values of 2.0
—3.1and 4.3-5.0.

CONCLUSION

Several new aryl aldoxime ethers and esters haem Ipeepared. The obtained compounds characteriged b
spectroscopic data (IRH NMR and MS) showed antifungal activity particljapronounced again&. cinereaand

R. solanifungal strains. The observed biological potencyldde related to the lipophilicity of the composgnd
measured by octanol-water partition coefficieltig® and optimal ranges ofagP have been found. Based on the
obtained results syntheses of new, more potenvatares could be envisaged. Research is in progoesshance
the biological activity of the aromatic aldoximedatiie other Schiff-base type derivatives.
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