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Abstract

Our experience in synthesis and characterization of anilides with antimicrobial properties lead us to expand these studies and to obtain new amides of 2-(2-phenethyl)-benzoic acid. These compounds were characterized by their physico-chemical properties, elemental analysis and through IR, 1H-NMR and 13C-NMR spectroscopic analysis. The antimicrobial researches provided that these new amides have a good antibacterial and antifungal activity, so they can thus represent a new possible therapeutic solution for the treatment of microbial infections. 

Rezumat

Experienţa noastră în obţinerea prin sinteză şi caracterizarea anilidelor cu proprietăţi antimicrobiene ne-a determinat să continuăm cercetările în această clasă de compuşi. Astfel, am sintetizat noi amide ale acidului 2-(2-fenetil)-benzoic, care au fost caracterizate prin proprietăţile lor fizico-chimice, analiză elementală şi prin analiză spectrală în  IR şi de rezonanţă magnetică de proton şi 13C. Testările microbiologice efectuate au evidenţiat faptul că aceste noi amide au proprietăţi antibacteriene şi antifungice, astfel încât ele pot reprezenta eventual o nouă soluţie terapeutică pentru tratarea diverselor infecţii.
· amides of 2-(2-phenethyl)-benzoic acid

INTRODUCTION
In our previous researches [1- 3] we presented some anilides with remarcable bactericidal and antifungal activities, having the general formula:
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 The compounds obtained in the present study have the same general structure, with the following substitution:  A is a -CH2- group; R=-CH3 or -C2H5; R’=-H, -Cl, or –CF3; R1=-H. The isosterism between -O-, -S, or –CH2- groups permit us to establish possible relation between the chemical structures and antimicrobial and antifungal activity of these amidic compounds which belong to these three series of compounds. 

MATERIALS AND METHODS

In order to obtain a new seria of anilides, amides of 2-(2-phenethyl)-benzoic acid (1a-f) with antimicrobial effect and low toxicity, we used the four steps synthetic pathway:

· the synthesis of 2-(2-phenethyl)-benzoic acid (2) by the benzylidene phtalide (3) reduction with hydroiodic acid and red phosphorous. The benzylidene phtalide was obtained by the condensation of phtalic anhydride (4) with phenylacetic acid (5):
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· the synthesis of the mentioned acid chloride (6) using as chlorination agent thionyl chloride and anhydrous 1,2-dichloroethane as solvent:


[image: image3.wmf]C

O

O

H

C

O

C

l

S

O

C

l

2

2

6


· the synthesis of the N-(2-dialkylaminoethyl)-3-R’-subtituted anilines (7a-f) by condensing 3-R’-substituted anilines (8a-c) with 2-chloro-N,N-di(R)(ethyl/methyl)amine hydrochloride (9a,b) [4]:

[image: image4.wmf]N

H

2

R

'

C

l

C

H

2

C

H

2

N

H

(

R

)

2

Cl

N

H

-

C

H

2

C

H

2

N

(

R

)

2

R

'

+

-

8

a: R'=-Cl

8

b: R'=-CF

3

8

c: R'=-H

         9a: R=-C

2

H

5

         9b: R=-C

H

3

         

7a:

R'=-Cl; R=-C

2

H

5

7

b:R'=-CF

3

; R=-C

2

H

5

7

c:R'=-H; R=-C

2

H

5

7d:

R'=-Cl; R=-CH

3

7

e:R'=-CF

3

; R=-CH

3

7f:

R'=-H; R=-CH

3

8a-c

7a-f


· the synthesis of the target amides (1a-f) (hydrochlorides) by the acylation of the anilines (7a-f) with 2-(2-phenethyl)-benzoic acid chloride (6), and followed by the conversion to the corresponding hydrochlorides by treating with an ethereal HCl solution:
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These new amides were characterised using FT-IR, 1H-NMR and 13C-NMR spectroscopic analysis. The NMR spectra were recorded at 300 MHz for proton and 75,46 MHz for carbon on a Varian Gemini -300 BB spectrometer or at 300 MHz for proton and 100 MHz for carbon on a Varian 400 plus spectrometer. The spectral assignments are given according to the general structures:
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The chemical shifts are denoted in δ units (ppm) relative to TMS. 

The IR spectra were recorded on a Bruker Vertex-70 spectrophotometer with a diamond optical system, and only the important absorptions are indicated; for the elemental analysis was used a Perkin Elmer CHNS/0 Analyser Series II 2400. TLC analzses were carried out on a system Fertig Platten 60F254 Merck, with silica gel support, and spots were visualised with UV light and I2. All melting points were determined in open glass capillaries on an Electrothermal 9100 digital apparatus and are uncorrected. 

RESULTS AND DISCUSSION

The synthesis of  benzylidene phtalide (3)  

In a round–bottom flask were mixed 100g phtalic anhydride, 110g phenylacetic acid and 26g anhydrous sodium acetate. This mixture was heated for 3h at 230-240oC on the oil bath. The crude product was recrystallised from methanol, resulting 74g light brown crystals (yield 49.3%,  m.p.=98-99oC).

The synthesis of 2-(2-phenethyl)-benzoic acid (2)

In a round–bottom flask, equipped with an condenser were placed 50g benzylidenphtalide (4), 200mL iodhydric acid 67% and 15g red phosphorous. After refluxing 6h, with a mild emission of iodhydric acid and keeping the mixture over night, another 10g red phosphorous was added, and the mixture was refluxed for another 6h. By cooling, the mentioned acid solidified and the aqueous solution was poured into ice. The acid was transformed into ammonia salt by refluxing with ammonia 28% for 15 min. The solution was filtered to eliminate the excess of red phosphorous; after cooling, a hydrochloric acid solution 10% was added to pH=3-4, when the mentioned acid (2) was obtained. The crude product was purified from ethanol 98%, giving 42.7g white crystals ( m.p.=129-130oC).


The Synthesis of 2-(2-Phenethyl)-benzoyl chloride (6)

22.6g 2-(2-phenethyl)-benzoic acid was mixed with 50mL anhydrous dichloroethane and 23.8g (14.6 mL) thionyl chloride was added. This mixture was refluxed for 4h. The solvent was removed on a water bath at reduced pressure. After cooling on ice, the acid chloride (6) precipitated and it was used in the next step of synthesis as crude product.  

The Synthesis of N-(2-dialchylaminoethyl)-3-R’- subtituted anilines (7a-f)

In a round–bottom flask were placed the aromatic amines (8a-c) and N-(2-chloroethyl)-N,N-diethylamine hydrochloride (9a), respectively N-(2-chloroethyl)-N,N-dimethylamine hydrochloride (9b) in molar ratio 1:4. This mixture was heated at 105-110oC for 2h; then toluen was added and the refluxing was continued for 12h. After filtering, the toluenic solution was washed with 30-40 mL 10% NaOH and with water and then was dried (Na2SO4). The toluene was evaporated in vacuum with a rotary evaporator, and the resulting amines were distilled under reduced pressure:

Following the general procedure, the presented anilines were obtained:

· 7a: N’-(3-chlorophenyl)-N,N-diethylethan-1,2-diamine, viscous liquid, light brown, b.p.=164-170oC (8-10 mmHg)

· 7b: N’-(3-trifluoromethyl-phenyl)-N,N-diethylethan-1,2-diamine, viscous liquid, light brown, b.p.=134-138oC (8-10 mmHg)

· 7c: N’-phenyl-N,N-diethylethan-1,2-diamine, viscous liquid, colourless or light brown, b.p.=138-148oC (8-10 mmHg)

· 7d: N’-(3-chlorophenyl)-N,N-diethylethan-1,2-diamine, viscous liquid, light brown, b.p.=160-162oC (10-12 mmHg)

· 7e: N’-(3-trifluoromethyl-phenyl)-N,N-diethylethan-1,2-diamine, viscous liquid, light brown, b.p.=110-120oC (10-12 mmHg)

· 7f: N’-phenyl-N,N-dimethylethan-N,N-diethylethan-1,2-diamine, viscous liquid, light brown, b.p.=136-140oC (10-20 mmHg)

General Procedure for the Preparation of  Amides 1a-f

· The method adopted for the synthesis of N-(2-diethylamino-ethyl)-N’-(3-chlorophenyl)- 2-phenethyl-benzamide hydrochloride (1a) is described:

In a round–bottom flask with three necks were placed 1.2g (0.00517mol) N’-(3-chlorophenyl)-N,N-diethylethan-1,2-diamine (7a) and, under stirring, 2g (0.00775mol) 2-(2-phenethyl)-benzoic acid chloride disolved in 25 mL anhydrous toluene and 1.11g (1.5 mL) (0.009 mol) anhydrous triethylamine. This mixture was refluxed for 12-14h under stirring. Triethylamine hydrochloride was filtered and toluene was distilled at rotary evaporator. The residue was dissolved in chloroform, washed with 10% sodium carbonate; after anhydrization (anh. Na2SO4), the solvent was removed by vacuum distillation. The obtained amide was converted to the corresponding hydrochloride by adding an ethereal HCl solution to the solution of the free base in ether, at 5oC. The resulting compound  was triturated with 15 mL ethyl acetate-cyclohexane (4:6 v/v) and filtered.

2.2g white crystals were obtained (m.p.=140-143oC; yield 83%).

· elemental analysis: N%  t/e: 5.944/ 6.004

· TLC: single spot Rf=0.75 (eluent chloroform : methanol 4:1, developing system; UV, iodine atmosphere)

1H-NMR(CDCl3, δ ppm, J Hz): 7.32(t, 2H, H-24-26, 7.4); 7.26÷6.92(m, 11H-H-arom); 4.42(bt, 2H, H-8, 7.5); 3.30(bt, 2H, H-9, 7.5); 3.17(bq, 4H, H-11-11', 6.9); 2.89(m, A2B2-system, 2H-20, 2H-21);  1.40(t, 6H, H-12-12', 6.9).

13C-NMR(CDCl3, δ ppm): 171.30(C-13); 142.76(C-1); 139.02(C-3); 136.77(C-14); 134.92(C-15); 134.42(C-22); 130.60(CH); 129.77(CH); 129.54(CH); 128.65(C-23-27); 128.52(C-24-26); 128.12(CH); 128.04(CH); 127.50(CH); 126.31(CH); 125.84(CH); 125.76(CH); 48.05(C-9); 47.35(C-11-11'); 44.58(C-8);  37.31(CH2-20 or CH2-21); 35.62(CH2-20 or CH2-21); 8.77(CH3-12-12').

FT-IR(solid in ATR, ν cm-1): 3487; 3429; 3058; 2941; 2862; 2583; 2521; 2462; 1648; 1586; 1470; 1426; 1385; 1301; 1260; 1173; 1144; 1102; 1065; 1013; 979; 958; 903; 767; 697; 673; 648; 626; 547;  524; 462.

All original amides 1b-f were obtained using the similar method of synthesis and they have the following characteristics:

· N-(2-diethylamino-ethyl)-N’-(3-trifluoromethyl-phenyl)-2-phenethyl-benzamide hydrochloride (1b)

· white crystals, m.p.=83-85oC (yield 81%)

· elemental analysis: N%  t/e: 5.55/ 5.59

· TLC: single spot Rf= 0.66 (eluent chlorophom : methanol 4:1, developing system: UV, iodine atmosphere)

1H-NMR(CDCl3, δ ppm, J Hz): 12.40(bs, 1H, H+, deuterable); 7.39÷6.97(m, 13H, H-arom); 4.50(bt, 2H, H-8, 7.5); 3.30(bt, 2H, H-9, 7.5); 3.22(ql, 4H, H-11-11’, 6.9); 2.92(m, A2B2-system, 2H-20, 2H-21); 1.44(t, 6H, H-12-12’, 6.9).

13C-NMR(CDCl3, δ ppm): 171.34(C-13); 142.17(C-14); 141.58(C-1); 139.07(C-22); 134.23(C-15); 131.64(q, C-3, 2J(F-C)=33.0 Hz); 130.40(C-5 or C-6); 130.14(C-6 or C-5); 129.83(CH); 129.58(CH); 128.59(2CH); 128.43(2CH); 127.87(q, C-4, 3J(C-F)=3.3 Hz); 126.27(CH); 125.84(CH); 124.22(q, C-2, 3J(C-F)=3.6 Hz); 123.19(q, CF3, J(C-F)=271.0 Hz);

48.15(CH2-9); 47.20(CH2-11-11’); 44.28(CH2-8); 37.30(CH2-20 or CH2-21); 35.65(CH2-20 or CH2-21); 8.62(CH3-12-12’);

FT-IR(solid in ATR, ν cm‑1): 3547; 3404; 3041; 2978; 2937; 2869; 2569; 2481; 1639; 1595; 1495; 1400; 1376; 1332; 1302; 1281; 1162; 1121; 1071; 1035; 964; 930; 881; 843; 803; 766; 756; 722; 700; 656; 646; 593; 565; 522; 471.

· N-(2-diethylamino-ethyl)-N’-phenyl-2-phenethyl-benzamide hydrochloride (1c)

· white crystals, m.p.=144-147oC (yield 79%)

· elemental analysis: N%  t/e: 6.414/ 6.472

· TLC: single spot Rf=0.66 (eluent chlorofom : methanol 4:1, developing system: UV, iodine atmosphere)

1H-NMR(CDCl3, δ ppm, J Hz): 12.40(bs, 1H, H+, deuterable); 7.31(t, 2H, H-24-26, 7.5); 7.23(d, 2H, H-23-27, 7.5); 7.21÷6.92(m, 9H, H-arom); 4.45(bt, 2H, H-8, 7.5); 3.29(bt, 2H, H-9, 7.5); 3.20(ql, 4H, H-11-11’, 6.9); 2.94(m, A2B2-system, 2H-20, 2H-21); 1.44(t, 6H, H-12-12’, 6.9).

13C-NMR(CDCl3, δ ppm): 171.29(C-13); 141.72(C-1-14); 138.98(C-22); 134.81(C-15); 129.48(2CH); 129.33(2CH); 128.50(2CH); 128.41(2CH); 128.01(CH); 127.58(CH); 127.11(2CH); 126.14(2CH); 125.50(2CH); 47.75(CH2-9); 47.31(CH2-11-11’); 44.01(CH2-8); 37.22(CH2-20 or CH2-21); 35.62(CH2-20 or CH2-21); 8.72(CH3-12-12’).

FT-IR(solid in ATR, ν cm‑1): 3056; 3013; 2938; 2871; 2559; 2370; 1638; 1593; 1490; 1451; 1413; 1385; 1319; 1286; 1169; 1126; 1071; 1037; 978; 903; 837; 811; 770; 702; 656; 610; 526; 455.

· N-(2-dimethylamino-ethyl)-N’-(3-chlorophenyl)-2-phenethyl-benzamide hydrochloride (1d)

· light brown crystals, m.p.=63-66oC (yield 74%)

· elemental analysis: N%  t/e: 6.320/ 6.383

· TLC: single spot Rf=0.70 (eluent chlorophom : methanol 4:1, developing system: UV, iodine atmosphere)

1H-NMR(CDCl3, δ ppm, J Hz): 7.32(t, 2H, H-24-26, 7.4); 7.26÷6.92(m, 11H-H-arom); 4.42(bt, 2H, H-8, 7.5); 3.30(bt, 2H, H-9, 7.5); 2.92(m, A2B2-system, 2H-20, 2H-21); 2.91(s, 6H, H-11-11’).

13C-NMR(CDCl3, δ ppm): 171.41(C-13); 141.69(C-1); 139.02(C-3); 136.77(C-14); 134.92(C-15); 134.42(C-22); 130.60(CH); 129.77(CH); 129.54(CH); 128.65(C-23-27); 128.52(C-24-26); 128.12(CH); 128.04(CH); 127.50(CH); 126.31(CH); 125.84(CH); 125.76(CH); 54.50(C-9); 44.58(C-8); 43.49(C-11-11’); 37.31(CH2-20 or CH2-21); 35.62(CH2-20 or CH2-21).

FT-IR(solid in ATR, ν cm‑1): 3485; 3429; 3028; 2941; 2862; 2583; 2521; 2462; 1648; 1586; 1470; 1426; 1385; 1301; 1260; 1173; 1144; 1102; 1065; 1013; 979; 958; 903; 767; 697; 673; 648; 617; 521; 454.

· N-(2-dimethylamino-ethyl)-N’-(3-trifluoromethyl-phenyl)-2-phenethyl-benzamide hydrochloride (1e)

· yield 67%

· elemental analysis: N%  t/e: 5.876/ 5.846

· TLC: single spot Rf= 0,80 (eluent chlorophom : methanol 4:1, developing system: UV, iodine atmosphere)

1H-NMR(CDCl3, δ ppm, J Hz): 12.75(bs, 1H, N-H, deuterable); 7.37(ml, 2H, H-2, H-4); 7.32(t, 2H, H-24-26, 6.9); 7.22(d, 2H, H-23-27, 6.9); 7.23÷6.95(m, 7H, H-arom); 4.48(bs, 2H, H-8); 3.35(bs, 2H, H-9); 2.92(bs, 6H, 3H-11, 3H-11’); 2.90(bs, 4H, 2H-20, 2H-21).

13C-NMR(CDCl3, δ ppm): 171.51(C-13); 142.12(C-1); 141;61(C-14); 138.82(C-22); 134.48(C-15); 131.66(q, C-3, 2J(13C-19F)=33.2 Hz); 131.00(CH); 130.44(CH); 129.77(CH); 129.49(CH); 128.69(CH); 128.56(CH); 128.25(CH); 126.33(CH); 125.87(CH); 123.33(q, CF3, J(13C-19F)=273.0 Hz); 54.88(CH2-9); 44.73(CH2-8); 43.86(CH3-11-11’); 37.29(CH2-20 or CH2-21); 35.60(CH2-20 or CH2-21).

1H-NMR(dmso-d6, δ ppm, J Hz): 11.11(bs, 1H, N-H, deuterable); 7.67(ml, 2H, H-2, H-4); 7.62(bt, 2H, H-24-26, 6.9); 7.49(dl, 2H, H-23-27, 6.9); 7.41÷6.98(m, 7H, H-arom); 4.33(bs, 2H, H-8); 3.52(bs, 2H, H-20); 3.32(bs, 2H, H-9); 2.83(s, 6H, H-11-11’); 2.81(s, 2H, H-21).

FT-IR(solid in ATR, ν cm‑1): 3408; 3025; 2939; 2862; 2572; 2442; 1640; 1593; 1490; 1450; 1383; 1301; 1252; 1145; 1069; 1027; 901; 747; 697; 657; 601; 525.

· N-(2-dimethylamino-ethyl)-N’-phenyl-2-phenethyl-benzamide hydrochloride (1f)

· yield 75%

· elemental analysis: N%  t/e: 6,854/ 6,922

· TLC: single spot Rf=0,80 (eluent chlorophom : methanol 4:1, developing system: UV, iodine atmosphere)

1H-NMR(CDCl3, δ ppm, J Hz): 12.58(bs, 1H, N-H, deuterable); 7.29(t, 2H, H-24-26, 6.9); 7.21(d, 2H, H-23-27, 6.9); 7.20÷6.91(m, 10H, H-arom); 4.42(bt, 2H, H-8, 7.5); 3.31(bt, 2H, H-9, 7.5); 2.90(bs, 10H, 2H-20, 2H-21, 3H-11, 3H-11’).

1H-NMR(CDCl3, δ ppm, J Hz, T=335K): 12.82(bs, 1H, N-H, deuterable); 7.38÷6.90(m, 14H, H-arom); 4.44(bt, 2H, H-8, 7.5); 3.33(bt, 2H, H-9, 7.5); 2.94(s, 6H, H-11-11’); 2.89(bs, 4H, H-20, H-21).

13C-NMR(CDCl3, δ ppm): 171.35(C-13); 141.64(C-1); 141.24(C-14); 138.68(C-22); 134.81(C-15); 129.44(2CH); 129.23(CH); 129.18(CH); 128.48(2CH); 128.41(2CH); 128.39(CH); 128.08(CH); 127.60(2CH); 126.09(CH); 125.44(CH); 54.53(CH2-9); 44.39(CH2-8); 43.48(CH3-11-11’); 37.11(CH2-20 or CH2-21); 35.46(CH2-20 or CH2-21).

The antimicrobial activity research [5-7] showed that the tested new benzamides presented both antibacterial and antifungal action. The in vitro antimicrobial and antifungal activities were evaluated by the standard broth microdilution method. The tested microbial and fungi species included K. pneumoniae, E. coli, S. aureus, B. subtilis, Candida albicans and Aspergillus niger. The MIC values (μg/mL) indicated that nearly all the tested amides presented antifungal and antimicrobial activity (MIC = 15.6-500 μg/mL).

CONCLUSIONS
In this work we presented the synthesis of new amides of the 2-(2-phenethyl)-benzoic acid, using the optimised obtaining methods. The compounds were physico-chemical characterized and their structure and purity were established using the elemental analysis, TLC method and 1H-NMR, 13C-NMR and IR spectroscopic analysis. 

The antimicrobial tests showed that these amides have both antibacterial and antifungal action. 

The present research results were financed by Research Contract CEEX 85/2006 between University of Medicine and Pharmacy “ Carol Davila” and The Medical Science Academy, the Authority of Programme “Excellence Research Projects”.
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