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Abstract

Two new @ and8) and eight known 1, 3-7, 9 and10) o-, m-, p-nitro, -methoxy and -methyl substituted chalconoid and alnustone-like
compounds with a skeleton off24E)-1,5-diarylpenta-2,4-dien-1-on&{10) were synthesized and thein{) photocyclization reaction gave
10 newo-, m+, p-nitro, -methoxy and -methyl substitute-3-benzoyl-4-phenylcyclobutenekl-20), stereoselectively, as major products in
solution. The antimicrobial activities of all the compounds were also investigated. They showed antibacterial activity against Gram-positive
bacteria, moderate antibacterial activity against Gram-negative bacteria, but no antifungal activity was observed against yeast-like fungi.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction photochemical conditions yieldsis-products[14—-20] In
the literature, various cyclobutene-containifige—19] and

Chalconoids and alnustone are naturally occurring cyclobutane-containing compounds have been reported to

compounds[1-4], which have diarylpropanoid (8-1,3-
diphenylprop-2-en-1-one) and diarylheptanoid HEE)-
1,7-diphenylhepta-4,6-dien-3-one) structures
aryl-Gs—aryl and aryl-G—aryl skeletons, respectively. They
have been shown to exhibit a wide range of biological
activities [1-5]. Analogous to chalconoid and alnustone
structures, two unknowr2@nd8) and eight known[6,7], 3
[8],4[9],5-6[10], 7[6,7,11,12]9[13] and10[6,11,12) o,
m-, p-nitro, -methoxy and -methyl substituted chalconoid-
and alnustone-like compounds with aryk-@ryl skeleton
and (E,4E)-1,5-diarylpenta-2,4-dien-1-one structure were
synthesized in the current study.

Intramolecular photocyclization of butadiene is a fast and
simple method to give a cyclobutene rif$4—19] The
cyclization of the substituted E24E-diene isomers under
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be synthesized 3,21-24] and cyclobutane-containing com-
pounds have also been isolated from various plgEs28]

having Although, photocyclization of butadienes has been studied

extensively[15-20] photochemical cyclization of 4E)-
1,5-diarylpenta-2,4-dien-1-one and its derivatives in solution
has not been reported. Analogous to the cyclobutene and cy-
clobutane compounds in the literature, 10 new cyclobutene-
containing dihydrochalcone-like molecules were synthesized
stereoselectively in the current study. Chalcones and dihy-
drochalcones represent an important family of naturally oc-
curring compoundfl] and exhibit a wide range of biological
activities [1,29-35] Synthesized chiral compound4-20
are analogous to dihydrochalcone. One would expect similar
biological activities from them.

In the literature, antiviral, antibacterial and antioxidant
activities of chalcones were studif®8D—35] but antimicro-
bial activities of the chalconoid-liké—10 and their electro-
cyclic productsl1-20 were not reported. The antimicrobial
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activity for the compound4-20 were tested in vitro using  13C NMR (CDCk, 50 MHz)$ (ppm): 192.81 (E0), 129.48
the agar-well diffusion method with nine microorganisms (Cy), 146.28 (@), 124.44 (GQ), 142.63 (G), 135.54 (G),

and showed antibacterial activity against Gram-positive and 136.23 (G'), 128.73 (G'), 133.95 (G'), 130.44 (G), 126.20

Gram-negative bacteri@6], but no antifungal activity was
observed against the two yeast-like fungi.
2. Experimental
2.1. General and instrumentation
NMR spectra were recorded on a Varian Mercury NMR

instrument at 200 MHz in CDG@I The mass spectral anal-
yses were carried out on a Micromass Quattro LC-MS/MS

(Cq),135.54(Gr), 127.35(G»), 128.79 (G), 129.25 (@),
128.79 (@), 127.35 (G); positive LC—MS/MSm/z (%);
m/z=279(30) M]*, 249(29) M — 301", 248(79) M — 317",
247(100) M — 32]*; C17H13NO3 (279.30): Calcd. C 73.11,
H4.69,N5.02,found C72.43,H4.69,N5.02; FT-IR (cﬁt
3028, 1655, 1521, 1348, 766, 747 and 686.

The synthesis of compoun@snd3-10was treated in the
same way as compourdThe spectral datdKl, 13C, FT-IR,
UV and MS) of compounds [6,7], 3 [8], 4 [9], 56 [10],
7[6,7,11,12]9[13] and10[6,11,12]are the same as in the
literature.

spectrometer. Elemental analyses were performed on a Carlo

Erba 1106 apparatus. Infrared spectra were measured on
Perkin-Elmer 1600 FT-IR (4000—-400cH) spectrometer.

Melting points were obtained using a Thermo-var apparatus

fitted with a microscope and were uncorrected. UV-vis spec-

tra were obtained on a Unicam UV2-100 spectrophotometer

at 25°C. Thin-layer chromatography (TLC) was carried out
on Merck precoated 60 Kieselgetdz analytical aluminum
plates. PTLC was carried out on Merck precoated 60 Kiesel-
gel B54 (20 cmx 20 cm, 0.2 mm) silica gel plates.

3. Materials and methods

Cinnamaldehydep-, m-, p-nitroacetophenoneg-, nt,
p-methoxyacetophenone aond m-, p-methylacetophenone
were purchased from Aldrich and used without further pu-
rification. The solvents (chlorofornrm-hexane, ethanol and
diethyl ether) used were either of analytical grade or bulk
solvents distilled before use.

3.1.1. (2E,4E)-1-(2-Nitro)phenyl-5-phenylpenta-2,4-
dien-1-one?)

To a cooled solution1-5°C) of sodium hydroxide
(1.2g, 30mmol) in 10ml of 80% EtOH was added

3.1.2. (2E,4E)-1-(2-Methyl)phenyl-5-phenylpenta-2,4-

dien-1-one®)

Oily; UV ASHSE (nm): 241, 3364 15960, 22251); 2.61 g,
97% yield.R: 0.65,n-hexane-diethylether (0.5:HH NMR
(CDCl3, 200 MHz)§ (ppm); 6.98, dJ=14.6 Hz (R), 7.28,

m (Hs), 6.94, m (H), 6.66, d,J=15.2Hz (K), 7.34, m
(Hz and Hy), 7.45, m (Hy), 7.48, m (K), 7.30, m (b
and Hy),7.28, m (K and Hy), 7.25 m (Hy), 2.42, s
(CHa). 13C NMR (CDCk, 50 MHz)§ (ppm): 196.40 (E0),
126.64 (G), 146.04 (G), 125.35 (G), 141.77 (@), 138.96
(Cy), 136.70 (G), 129.97 (G), 131.17 (G'), 130.26 (G),
129.22 (@), 135.80 (G»), 127.22 (G-), 128.77 (G),
127.22 (G), 128.77 (G), 127.89 (Gr), 20.11 (CH); pos-
itive LC-MS/MS m/z (%); m/z=248(100) M]*, 247(20)
[M—1]*,230(17) M — 18]", 144(10) M — 104]"; C18H160
(248.32): Calcd. C 87.06, H 6.49, found C 86.38, H 6.74; FT-
IR (cm™1): 3026, 2926, 1658, 1582, 1440, 1269, 1001, 771,
752 and 692.

3.1.3. Synthesis of cis-3-benzoyl-4-phenylcyclobutene
11)

A solution of compoundL (250 mg) in 30 ml of diethyl

nitroacetophenone (0.76 g, 5 mmol) solution in EtOH (3ml) €ther, keptin a Pyrex flask, was exposed to UV light (400 W
dropwise. The resulting mixture was stirred for 15min, high-pressure Hg lamp). The progress of the reaction was
then was added cinnamaldehyde (0.52g, 5mmol) solution followed by silica gel TLC f-hexane-diethyl ether, 1:1).

in EtOH (3 ml) dropwise. After addition was completed, the The reaction was stopped afteé h. The solution was evap-
reaction mixture was stirred at room temperature for 1 h. The orated and a portion of the residue (40mg) was purified
mixture was neutralized with 10% HCI. The ethanol was PY PTLC (20cmx 20cm, 0.25mm, 2 plates) to give com-
evaporated under vacuum, then the aqueous phase was exound 11 (12mg, 30% yield,Rs =0.76, n-hexane-diethyl
tracted with CHG} (3 ml x 30 ml). The combined organic  €ther, 1:1). _

phases were dried over hBOs. Removal of the solvent un- The syntheses of compountia-20were performed in the
der the reduced pressure gave compa &7 g, 96% yield). same way as compoutd with the experimental conditions

Rr: 0.65,n-hexane-ethyl acetate (0.2:1). mp 115-1C6UV as stated iffable 1

ACHCh (nm): 238, 337 £ 19508, 27622)'H NMR (CDCl3,

200 MHz)§ (ppm); 7.00, dJ=14.7 Hz (B), 7.54, m (h),
6.92, m (H), 6.56, ddJ=14.6, 2.2 Hz (H), 8.14, dd,)=7.6
and 1.6 Hz (H), 7.68, m (Hy), 7.44, m (H), 7.74, m (),
7.48, m (K and Hy'),7.34, m (B and Hy), 7.32, m (Hy).

3.1.4. cis-3-Benzoyl-4-phenylcyclobuteh#)(

Amorphous solid, mp 68-7CC; UV ASHEE (nm): 275
(¢ 22916); 'H NMR (CDCls, 200 MHz) § (ppm); 6.41 bs
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Table 1
Experimental conditions for the photocyclization of compouhdiDto give
compoundd.1-20

Starting Synthesized Yield (%) TLCRsvalues Reaction
compound (mg) compound time (h)
1(250) 11 30 0.76 (1:%) 6

2 (210) 12 22 0.94 (1.5:2) 8
3(210) 13 24 0.58 (1:0.8) 12

4 (200) 14 45 0.76 (1.5:0.3) 9

5 (146) 15 38 0.64 (0.6:1.3) 4

6 (106) 16 26 0.76 (0.6:1.3) 4

7 (68) 17 21 0.52(0.6:1.8) 6

8 (86) 18 37 0.88 (1:%) 13

9 (173) 19 23 0.88 (1:9) 13

10 (410) 20 27 0.82 (1:%) 12

a Solvent system is-hexane-diethyl ether.

(H1 and B), 4.43, ddd,J=8.6, 5.4, 2 and 5.6 Hz (4},
3.27, bd,J=5.6 Hz (Hy), 8.01, dd,J=7.8 and 0.8 Hz (K
and Hy), 7.44, m (K and Hy), 7.52, m (H-4), 7.40, m
(Hy» and Hy),7.38, m (K and Hy), 7.20, m (Hy). 13C
NMR (CDClz, 50 MHZz) § (ppm) (se€Table 2; LC-MS/MS
m'z (%); m/z=235(5) M+H]*, 234(100) M]*, 113(79)
[M —121]; G 7H140 (234.30): Calcd. C 87.15, H 6.02, found
C 86.66, H 6.22; FT-IR (cm!): 3054, 2953, 1678, 1507,
1448, 966, 748 and 694.

3.1.5. cis-3-(2-Nitro)benzoyl-4-phenylcyclobuteh?) (

Amorphous solid, mp 58-60C; UV ASHS (nm): 257
(¢ 80312);'H NMR (CDCls, 200 MHz)$ (ppm); 6.32, ddd;
J=11.4,6.6 and 1.8Hz (Hand H), 4.02, dddJ=9.2, 3.4
and 6.2 Hz (H), 3.30,ddddJ=6.4,5.0, 2.0 and 1.8 Hz (}}|
8.06, ddJ=8.1Hz (Hy), 7.64, m (H), 7.53, m (Hy), 7.70,
m (Hg), 7.60, m (H» and Hy), 7.34, m (K and Hy),
7.28, m (Hy). 13C NMR (CDChk, 50 MHz) § (ppm) (see

Table 2; LC-MS/MS Mz (%); mz=279(13) M]*, 147(71)
[M — 130", 141(32) M — 138]", 133 (100) M — 146];
C17H13NOs (279.30): Caled. C 73.11, H 4.69, N 5.02, found
C 72.10, H 4.68, N 4.96; FT-IR (cnt): 3027, 2951, 1697,
1527, 1346, 750 and 694.

3.1.6. cis-3-(3-Nitro)benzoyl-4-phenylcyclobuteh8) (

Amorphous solid, mp 72-7%; UV ASHSE (nm): 243
(¢ 10125); 'H NMR (CDClz, 200MHz) § (ppm); 6.42,
bs (HL and H), 4.48, ddd,J=8.8, 5.4 and 2.6 Hz (¥},
3.24, bd,J=6.4Hz (H:), 8.94, t, J=1.8Hz (H), 8.38,
dd, J=8.6 and 1.2Hz (i), 7.65, dd,J=8.0 and 7.8Hz
(Hs), 3.38, dd,J=7.8 and 1.2Hz (i), 7.36, m (H» and
He), 7.30, m (Hy and Hy), 7.18, m (Hy). 133C NMR
(CDCl3, 50 MHz) § (ppm) (seeTable J; LC-MS/MS nm/z
(%); m/z=280(8) M + H]*, 279(40) M]*, 257(62), 239(78),
213(68), 207(95), 171(68), 157(86), 133(108) | 146]",
123(70) M — 156]"; C17H13NO3 (279.30): Calcd. C 73.11,
H 4.69, N 5.02, found C 72.70, H 4.98, N 5.17; FT-
IR (cm™1): 3083, 2924, 1679, 1531, 1349, 810, 747 and
693.

3.1.7. cis-3-(4-Nitro)benzoyl-4-phenylcyclobutehd) (

Amorphous solid, mp 56-5&; UV A§HSk (nm): 264
(¢ 85161); 'H NMR (CDCl;, 200MHz) § (ppm): 6.41,
dd,J=5.2 and 1.8Hz (d and H), 4.47, ddd,J=8.8, 5.8
and 2.4Hz (H), 3.28, bm (H), 8.25, AB,, J=10.6 Hz
(Hy, Hy, Hy and Hy), 7.34, m (B, Hg/, Hy, Hs and
Hg'). 13C NMR (CDChk, 50 MHz) § (ppm) (seeTable 2;
LC-MSIMS miz (%); miz=279(6) M]*, 265(4), 249(8),
148(7), 100(18) WM — 179}, 79(85) M — 200}, 60(100)
[M — 219]"; C17H13NOz (279.30): Calcd. C 73.11, H 4.69,

Table 2
13C NMR data of compoundsl—20? in CDClz

11 12 13 14 15 16 17 18 19 20
C=0 19881 20063 19632 19704 20129 19855 19734 20258 19900 19840
Cy 12970 12875 12844 12848 13026 12959 12843 12970 12963 12988
Co 13349 13406 13447 13341 13364 13222 13036 13186 13420 13195
Cs 46.22 5036 4671 4642 5233 4644 4548 4903 4630 4688
Cy 45,70 4598 4619 4642 4408 4568 4394 4589 4577 4559
Cy 13567 13638 13605 13984 12768 13701 12883 13648 13664 13320
Cy 12894 14180 13000 13004 15876 11247 12973 13666 12986 12926
Cy 12855 12447 14836 12386 11120 15971 11219 13167 13572 12903
Cy 13217 13202 12806 15058 13087 12059 16381 12566 13213 14434
Cy 12855 13090 12991 12386 12136 12970 12973 12942 12844 12903
Cy 12894 12781 13362 13004 13049 12164 11219 13182 12611 12926
Cy 13662 13660 13672 13596 13701 13656 13678 13858 13830 13669
Cyr 12628 12629 12636 12633 12608 12626 12472 12626 12624 12626
Cy 12855 12852 12865 12873 12842 12855 12697 12853 12853 12851
Cy 127.60 12768 12784 12748 12715 12763 12596 12755 12757 12752
Cy 12855 12852 12865 12873 12842 12855 12697 12853 12853 12851
Cg 12628 12629 12636 12633 12608 12626 12772 12626 12624 12626
—OCH3 - - — - 5470 5533 5390 - — -
—CHs3 - - - - - - 2141 2125 2163

a Assignment based on APTH-H COSY, NOESY and HETCOR NMR data and ACD NMR Program.
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N 5.02, found C 72.50, H 4.50, N 5.10; FT-IR (cf): 3016,
2930, 1680, 1525, 1346, 857, 748 and 694.

3.1.8. cis-3-(2-Methoxy)benzoyl-4-phenylcyclobutene
19

Amorphous solid, mp 44—4&C; UV ASHSk (nm): 258 ¢
23454);1H NMR (CDCl3, 200 MHz)$ (ppm); 6.35, bs (i
and H), 4.24, ddd,J=8.8, 5.6 and 2.2Hz (¥, 3.36, bd,
J=5.8Hz (H), 6.76,d,J=8.2 Hz (Hy), 7.38, m (Hy), 6.96,
dt,J=7.4and 10.0Hz (Kl), 7.72,dd,J)=7.6 and 1.8 Hz (i),
7.40, m (H), 7.38, m (Hy), 7.20, m (Hy), 7.38, m (Hy),
7.40, m (Hy), 3.51, s (OCH). 13C NMR (CDCk, 50 MHz)
3 (ppm) (se€Table 2; LC-MS/MS mVz (%); m/z=265(38)
[M+H]*, 250(10), 190(32), 134(100);16H160> (264.32):
Calcd. C81.79,H6.10, found C81.29, H6.28; FT-IR (¢
3024, 2938, 1661, 1596, 1485, 1247, 1020, 754 and 693.

3.1.9. cis-3-(3-Methoxy)benzoyl-4-phenylcyclobutene
(16)

Oily; UV AS$HCk (nm): 258 ¢ 11217);*H NMR (CDCl3,
200 MHz) 8 (ppm); 6.42, bs (W and Hp), 4.39, ddd,J=8.8,
5.4 and 2.0Hz (W), 3.27, bd,J=5.8Hz (Hy), 7.53, dd,
J=24 and 1.6Hz (W), 7.06, m (H), 7.31, m (H),
7.59, ddd,J=7.8, 1.4 and 1.2Hz (kl), 7.35, m (K~
and Hy), 7.28, m (B and Hy), 7.06, m (Hy), 3.76, s
(OCHg). 13C NMR (CDCk, 50 MHz)$ (ppm) (se€Table 2:
LC-MS/MS miz (%); mz=264(5) M]*, 246(7), 230(6),
220(12), 140(15)¥1 — 124]", 126(100) M — 1387, 112(50)
[M — 152]"; C1gH1602 (264.32): Calcd. C 81.79, H 6.10,
found C 81.53, H 6.44; FT-IR (cnt): 3025, 2934, 1670,
1596, 1487, 1263, 783, 753 and 693.

3.1.10. cis-3-(4-Methoxy)benzoyl-4-phenylcyclobutene
17

Amorphous solid, mp 41-4%; UV A5HSE (nm): 275
(¢ 17187);*H NMR (CDClz, 200 MHz)§ (ppm); 6.41, bd,
J=2.4Hz (H and hb), 4.35,dddJ=8.6,5.2and 2.2 Hz (§),
3.27, bs, J=6.0Hz (Hy), 7.98, d,J=8.6 Hz (Hy and Hy),
6.88,dJ=8.6 Hz (Hy and Hy), 7.38, m (H» and Hy'), 7.30,
m (Hy and Hy), 7.24, m (Hr), 3.82, s (OCH). 13C NMR
(CDCl3, 50 MHz) § (ppm) (seeTable 3; LC-MS/MS m/z
(%); m/iz=265(19) M+ H]*, 249(100) M — 15]*, 176(38),
148(46), 132(95)M — 132]"; C18H1602 (264.32): Calcd. C
81.79, H 6.10, found C 81.60, H 6.30; FT-IR (ch): 3027,

m (Hg), 7.66,dJ=8.0Hz (Hy), 7.36, m (B~ and Hy'),7.24,
m (Hy and Hy), 7.10, m (Hy), 2.74, s (CH). 13C NMR
(CDCl3, 50 MHz) § (ppm) (seeTable 2; LC-MS/MS nvz
(%); m/z=249(100) M+ H]*, 232(58), 176(22), 154(28),
1118(15), 106(13); FT-IR (cmt): 3024, 2967, 1671, 1560,
1454, 965, 748 and 694.

3.1.12. cis-3-(3-Methyl)benzoyl-4-phenylcyclobutene
19

Amorphous solid, mp 55-5&; UV A5HCs (nm): 256
(¢ 38384);'H NMR (CDClz, 200 MHz)§ (ppm); 6.41, bd,
J=2.8Hz (H and H), 4.41, ddd,J=8.8, 5.8 and 2.8 Hz
(H3), 3.25, dddJ=8.6, 5.4 and 2.4 Hz (i, 7.82, bs (H),
7.30, m (Hy), 7.35, m (K), 7.82, bs (K), 7.36, m (H and
Hg), 7.28, m (Hy and Hy), 7.20, m (Hy), 2.65, s (CH). 13C
NMR (CDClz, 50 MHz) 8 (ppm) (se€Table 2; LC-MS/MS
m'z (%); miz=249(100) M +H]*, 237(8), 228(5), 180(4),
154(9), 118(12); FT-IR (cm'): 3027, 2924, 1668, 1584,
1448, 1257, 966, 781, 748 and 694.

3.1.13. cis-3-(4-Methyl)benzoyl-4-phenylcyclobutene
(20)

Amorphous solid, mp 65-67C; UV ASHCk (nm): 261
(¢ 14821);'H NMR (CDClz, 200 MHz) 5 (ppm); 6.41, bd,
J=2.8Hz (H and hb), 4.39, ddd,)= 8.8, 5.8 and 2.4 Hz (),
3.28,ddd,)=8.6,5.8and 2.8 Hz (), 7.90, d )= 8.2 Hz (Hy
and Hy), 7.19, d,J=8.2Hz (Hy and Hy), 7.36, m (B~ and
He),7.24, m (Hy and Hy), 7.15, m (Hy) 2.38, s (CH). 13C
NMR (CDClz, 50 MHZz) § (ppm) (se€Table 2; LC-MS/MS
Mz (%); m/'z=249(100) M +H]*, 226(9), 209(6), 154(5),
130(18), 118(22), 100(16); FT-IR (crh): 3027, 2924, 1668,
1584, 1448, 1257, 966, 791, 748 and 693.

3.2. Antimicrobial activity assessment

All of the test microorganisms were obtained from Refik
Saydam Hifzissihha Institute (Ankara, Turkey) and were as
follows: Escherichia coliATCC, Serratia marcesseATCC,
Pseudomonas aeruginogd CC, Yersinia pseudotuberculo-
SiSATCC, Klebsiella pneumoniadTCC, Enterococcus fae-
calis ATCC, Staphylococcus aurelsTCC, Bacillus cereus
702 RomaandCandida albicansATCC. All the newly syn-
thesized compounds were weighed and dissolved in acetone
to prepare stock solutions.

The antimicrobial effects of the substances were tested

2931, 1660, 1598, 1510, 1257, 1170, 1026, 841, 749 and 694 quantitatively in respective broth media by using double di-

3.1.11. cis-3-(2-Methyl)benzoyl-4-phenylcyclobutene
(18

Amorphous solid, mp 52-54C; UV A$HE (nm): 254 ¢
13684):1H NMR (CDCls, 200 MHz)$ (ppm): 6.35, bs (H
and H), 4.24, ddd,J=8.8, 5.6 and 2.6 Hz (&), 3.18, ddd,
J=8.4,3.6and 2.0 Hz (i), 7.24, m (H), 7.30, m (Hy), 7.18,

lution and the minimal inhibition concentration (MIC) values
(ng/ml) were determinef86]. The antibacterial and antifun-
gal assays were performed in Mueller—Hinton broth (MH)
(Difco, Detroit, MI) at pH 7.3 and buffered Yeast Nitrogen
Base (Difco, Detroit, MI) at pH 7.0, respectively. MIC is
defined as the lowest concentration that showed no growth.
Ampicillin and fluconazole were used as standard antibac-
terial and antifungal drugs, respectively. Acetone with a di-
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Table 3
Screening results for antimicrobial activity of compourde20
Compounds MI@ (ng/ml)
Ec Sm Pa Yp Kp Ef Sa Bc Ca
1 800 800 800 800 800 230 230 115 -
2 480 480 480 480 480 60 60 60 -
3 560 560 280 560 280 140 140 140 -
4 1200 1200 2400 2400 1200 300 300 300 -
5 1100 2200 2200 1100 1100 560 280 280 -
6 2900 2900 2900 2900 2900 1450 1450 1450 -
7 440 440 880 880 880 110 110 23 -
8 2265 2265 2265 2265 2265 2265 2265 1132 -
9 1144 1144 1144 1144 1144 286 286 286 -
10 440 440 880 880 880 220 220 23 -
11 150 600 75 150 300 10 10 10 -
12 580 580 1160 1160 1160 290 290 73 -
13 1200 1200 2400 2400 1200 600 600 600 -
14 480 480 960 960 960 55 55 55 -
15 1015 1015 507 1015 1015 126 126 63 —
16 1320 2640 2640 2640 2640 330 330 330 -
17 1150 2300 2300 2300 2300 287 287 287 -
18 245 245 245 490 490 15 15 15 -
19 1800 1800 480 1800 480 240 240 120 -
20 760 760 380 2800 380 190 190 190 -
Amp. 8 32 >128 32 2 2 2 2
Flu. <1

Ec,Escherichia colATCC 25922; SmSerratia marcescensTCC 13880; PaPseudomonas aerugino$adCC 10145; Yp,Yersinia pseudotuberculosi§ CC
911; Kp, Klebsiella pneumoniadTCC 13883; Ef,Enterococcus faecaliAaTCC 29212; SaStaphylococcus aureuSTCC 25923; Bc,Bacillus cereusr02
Roma;Candida albicansATCC 60193; Amp., Ampicillin; Flu., Fluconazole; (=), no activity (1-100 mg/ml).

a MIC represents minimum concentration for total inhibition of test microorganism.

lution of 1:10 was used as solvent control. The results are H; 2~ 6.38 (bs),5-Hz ~4.40 (ddd) and-Hs ~ 3.30 (bd or
shown inTable 3 bm), respectively.
Stereochemistry of the compourntis-20was determined
from NMR spectrometry information. NMR patterns allowed
4. Results and discussion the calculation of the coupling constants of the cyclobutene
protons. The obtained values fdrare in agreement with a
In the current work, Claisen-Schmidt condensation of an cisrelationship between the A and B part of cyclobutane; the
appropriate aromatic ketone with cinnamaldehyde accordingvalues ofJa andJg (~5.6 Hz) are in good agreement with a
to the route indicated iScheme lielded two unknownZ cisrelationship between A and B, respectively. The values of
and8) and eight known, 3-7, 9 and10) [6-13] alnustone these coupling constants suggest thi20 were formed by
and chalconoid-likeo-, m-, p-nitro, -methoxy and -methyl  the disrotatory ring closure wittynstereochemistry. A more
substituted derivatives of B24E)-1,5-diarylpenta-2,4-dien-  accurate structural determination was attained by NOESY
1-one (-10). The most noticeable feature of the structural spectraand the important NOESY interactions in compounds
characterization of compounds10is the assignment of the ~ 11-20 were seen from H-3 to H-4/H-2 and H-4 to H-3/H-1.
proton resonances of their3,y,5-unsaturated moiety, which ~ Thus, the presence of cyclobutene ring was established.
was made by a careful analysis of thkit, 2D-COSY NMR The structural connectivities of compountis-20 were
spectra. From the values of the vicinal coupling constants established, in part frofH-tH COSY. The most down field
(IHe-np = 15 Hz), it was possible to establish thianscon- signal for the cyclobutene ringCH=CH—designated H-1/H-
figuration of these two protons. 2 at§~6.38 (bs) was connected to H-3&t 4.40, then to
These chalcone- and alnustone-like compourid4 @), H-4 atSy ~ 3.30 (bd or bm) for compoundkl-20. Further
when exposed to UV light (400 W high-pressure Hg lamp), connectivities for the phenyl parts of the compouds20
are converted to the respective cyclobuteids?0) as major were observed betweeh~9.0 and 7.0 ppm in théH-'H
products, with the yields (chromatographed products, PTLC) COSY NMR.
of 30% (11), 22% (12), 24% (13), 45% (L4), 38% (L5), 26% The positive LC-MS/MS gaveM]* or [M+1]* at m/z
(16), 21% (17), 37% (18), 23% (19) and 27% R0) in solution. 234(100) forll, atm/z 279(13, 40 and 6) fot2-14, atm/z
The structures of the cyclobutene rings of the cyclic prod- 265(38 and 19) fol5 and17 and 264(5) forl6 and atrm/z
ucts (11-20) were elucidated from theitH NMR spec- 249(100, 100 and 100) fai8-20, which were consistent with
tra, which show highly shielded CH protons signalssat  the molecular formulas to be1€H140 for 11, C17H13NOs
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NaOH
95% EtOH
(e}

11-20

1: R=H 11: R=H

2: R=0-NO, 12: R=0-NO;

3: R=m-NO, 13: R=m-NO,

4: R=p-NO, 14: R=p-NO,

5: R=0-OCH; 15: R=0-OCH;3

6: R=m-OCH; 16: R=m-OCH;

7: R=p-OCH; 17: R=p-OCH;3

8: R=0-CH; 18: R=0-CH;

9: R=m-CH; 19: R=m-CH;
10: R=p-CH3 20: R=p-CH;

Scheme 1.

for 12-14, C18H1602 for 15-17 and GgH160 for 18-20,
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