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The facile synthesis of a pyrimidinyl sulfonamide (N,N,N,6tetramethyl-2-(4-nitrophenylsulfonamido)pyrimidin-4-ammonium chloride) as a PET tracer precursor Peter Gebhardt*a and Hans Peter Saluza,b a



Leibniz-Institute for Natural Product Research and Infection Biology- Hans-Knöll-Institute, Beutenbergstraße 11a, Jena, 07745, Germany b Friedrich-Schiller-Universität Jena, Germany E-mail: [email protected]



Abstract We synthesized the novel sulfonamide derivative, N,N,N,6-tetramethyl-2-(4nitrophenylsulfonamido)pyrimidin-4-ammonium chloride (7), for use as a precursor in [18F]fluoride chemistry. For this, 4-nitrobenzenesulfonyl guanidine was used as the starting material for condensation with ethyl acetoacetate. The 19F-compound could be synthesized in four steps with moderate yields. The 18F-labelled analogue, which has high potential as an intermediate for a positron emission tomography tracer, was produced with a radiochemical yield of 58±12% (n = 4, decay corrected). Keywords: Anti-infective, positron emission tomography, [18F]fluoride



Introduction In order to develop an appropriate treatment for an infection, it is essential to identify the causing agent. Our aim is to develop PET tracers that can detect bacterial foci. An effective tracer should have appropriate pharmacokinetic properties (i.e, absorption, distribution, metabolism, and excretion) and a high target affinity.1 Antibacterial sulfonamides, which are second-line antibiotics for the treatment of urinary tract infections, meningitis, and toxoplasmosis,2 may be suitable for 18Flabeling experiments. Because of selective binding (i.e, to dihydropteroate synthetase during folic acid biosynthesis), the tracer would allow for the specific detection of bacteria. Fluorine-18 is a commercially available isotope with ideal properties for PET experiments as it has a low maximum energy (yielding high resolution images) and an effective half-life of 109 minutes. In most cases, 18F-labelled tracers are synthesized via nucleophilic substitution. The precursors are therefore synthesized with highly effective leaving groups, such as triflate, tosylate, or trimethylammonium halides. We focused on the short-route synthesis of such sulfonamide precursors and started with 2-amino-6-chloropyridine, isocytosine, and 2-amino-4-chloro-6Page 159
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methylpyrimidine as substrates for reaction with 4-nitrobenzenesulfonylchloride. The desired products have either a chlorine substituted heteroaromatic system or, in the case of isocytosine, an easily transformable OH-group. There are some examples3-6 which describe the possibility of exchanging the chlorine on pyridine moieties or analogues with [18F]F- in order to synthesize tracers for PET experiments (for a review of this chemistry, see Dollé7). The nitro group of the 18F-labelled compound will ultimately be reduced to an amino moiety to allow for binding to bacterial enzymes.



Results and Discussion Synthesis from 4-nitrobenzenesulfonyl chloride and heteroaromatic compounds. We initially considered compounds which may easily be synthesized from commercially available starting materials. The derivative 1, which was synthesized from 2-amino-6-chlorpyridine and 4nitrobenzenesulfonyl chloride in pyridine, was the first candidate. Such α-chloropyridines have already been transformed into their respective fluoro compounds8 (for a review see the article of Gakh and the references herein9). When 1 was reacted with fluoride under conditions for nucleophilic substitution (dry, 2,2,2-Cryptand, 180 °C, 0.5 h), no 19F-substituted product was observed (Figure 1) and the starting material remained completely unconsumed (HPLC chromatogram not shown).



Figure 1. The pyridyl sulfonamide derivative is inert to nucleophilic fluorination. The electron density of the pyridine ring may be too high to allow atom exchange under these conditions and therefore, heterocycles containing more than one nitrogen atom were considered because of the electron withdrawing effect. We chose isocytosine as the pyrimidine derivative, as we thought it would allow chlorination in exchange of the hydroxy group once the starting material is coupled with the sulfonyl chloride. Instead of this, however, the isocytosine component reacted with pyridine to form the respective 1(2-aminopyrimidin-4-yl)pyridinium chloride (2, Scheme 1). In analogy to this, attempts to couple 2amino-4-chloro-6-methylpyrimidine with 4-nitrobenzenesulfonyl chloride in pyridine did not result in the desired sulfonamide, but rather the 1-(2-amino-6-methylpyrimidin-4-yl)-pyridinium salt 3. To our knowledge, this phenomenon has only been reported by Price et al. who described bromopyrimidines that did not react to form the desired sulfanilyl amides.10
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Scheme 1. Unexpected pyridinium products. The structures of the unforeseen pyridinium products were confirmed by 2D NMR (Figure 2 and 3a-d). The atoms could be assigned, and all expected correlations were found. The C-H values for 4-nitrobenzenesulfonate were assigned via three-bond HMBC, and compared to values obtained by estimation software (ChemDraw, Cambridge/USA).



Figure 2. HMBC (solid arrow) and COSY (dotted arrow) analysis of pyridinium salts. Page 161
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As pyridine is often the solvent of choice for such reactions, and the analogous synthesis was described,11,12 these products were unexpected.



Figure 3a. HMBC spectrum of compound 2.



Figure 3b. COSY spectrum of compound 2.
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Figure 3c. HMBC spectrum of compound 3.



Figure 3d. COSY spectrum of compound 3. Page 163
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Synthesis via condensation of the guanidyl compound We adopted a new strategy and decided to use 4-nitrobenzenesulfonyl guanidine (4, Scheme 2) as the starting material in a condensation reaction. The initial attempts to synthesize 4 yielded only the guanidinium salt. We succeeded using a fourfold excess of guanidinium chloride and rapid heating of the mixture to reflux after mixing the components. In this way, it was possible to obtain good yields of the desired products. Consecutive steps were performed according to a standard reaction protocol13 (Scheme 2). Using this precursor (7), 8 was synthesized in 100% yield as a “cold” reference



Scheme 2. Synthesis of 8/[18F]-8, a 4-fluorinepyrimidyl-N-sulfonamide derivative.



Semi automated synthesis of N-(4-[18F]fluoro-6-methylpyrimidin-2-yl)-4nitrobenzenesulfonamide ([18F]-8) For the radiosynthesis a Hotbox III remote controlled synthesis module was used. Reaction times and temperature were adapted to optimize yield and purity of the product. The overall reaction time for this semiautomated synthesis (Figure 4) of 18F-labeled 8 was 45 min. The product was manually purified using RP18 cartridges. The average yield of [18F]-8 was 58±12% (n = 4, RCY, decay corrected) in ethanol. The tracer can be dissolved in 0.9% NaCl and a small amount of PEG200 to avoid precipitation.
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Figure 4. Setup of the Scintomics Hotbox III synthesizer. Radiochemical purity and radiochemical identity were monitored via HPLC and TLC and the product was confirmed by overlapping the UV and radioactivity peaks, whereby the latter could be confirmed as slightly delayed due to the installation of detectors (Figure 5). TLC purity (89.2 ± 8.4%, n = 4) was in the same range of HPLC (94.9 ± 3.2%, n = 3).



Figure 5. Comparison between UV (8) and radio trace [18F]-8.
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Conclusions Although the successful synthesis of sulfonamides has been described a number of times in recent decades, there are still obstacles in synthesizing functionalized halopyrimidines. We found that in isocytosine and 2-amino-4-chloro-6-methylpyrimidine, the OH- or Cl-substituted carbons quaternize more easily than formation of sulfonamide bonds occured. An alternative strategy involving the condensation of the N-guanidinium sulfonamide 4 with ethyl acetoacetate followed by chlorination was successful. Using this strategy, the precursor 7 for [19F] and [18F]fluoride nucleophilic substitution was synthesized with good yields. Both in vitro and in vivo studies of positron emitting compound [18F]-8 are currently being investigated. To be used as a tracer for bacterial infection, the nitro group will need to be reduced.



Experimental Section General. HR ESI-MS analysis was performed with a TSQ Quantum AM Ultra (Thermo Electron). NMR analysis was performed using Avance DPX 300, 500 and 600 MHz spectrometers (Bruker, Karlsruhe, Germany). The activimeter (Isomed 2000 and the Isomed 2000 well counter) was from MED Nuklear-Medizintechnik Dresden GmbH (Dresden, Germany). For radioanalytical TLC, a Rita Star apparatus with Rita Control 1.24 software was used (Raytest Isotopenmeßgeräte GmbH, Straubenhardt, Germany). The analytical radio HPLC was from Sykam GmbH (Eresing, Germany) and was equipped with a DAD-Smartline UV detector 2600 and scintillation radio detector (γsensorPE Scintomics, Fürstenfeldbrück, Germany), connected in series. For separation, a RP18 column was used (Eurospher 250x4.6mm, 100-5, Knauer, Germany). The mobile phase consisted of 0.05% TFA in water (A) and acetonitrile (B). The eluting conditions were: 0–5 min, 100% A isocratic; 5-15 min, gradient from 100 to 50% A, 15–18 min, gradient from 50 to 100% B, 18-25 min, 100% B isocratic, 25-30 min, 100% A isocratic to re-equilibrate the system. All HPLC runs were performed under these conditions. Water was deionized and purified by a Purelab Ultra system (Elga Berkefeld GmbH, Celle, Germany). HPLC grade acetonitrile was from Merck (Darmstadt, Germany). Anhydrous pyridine was purchased from Sigma-Aldrich (Taufkirchen, Germany). Unless otherwise stated, chemicals and solvents were of analytical grade and used as received. N-(6-Chloropyridin-2-yl)-4-nitrobenzenesulfonamide (1). 2.22 g (1 mmol) 4nitrobenzenesulfonyl chloride were added to a stirred solution of 1.28 g (1 mmol) 2-amino-6chloropyridine in 50 ml pyridine. The mixture was stirred for 3 h at 85 °C and allowed to cool to ambient temperature. The pyridine was evaporated, and 50 ml water were added to remove residual pyridine. The residue was dissolved in 250 ml of dichloromethane and the organic phase was washed with sodium hydrogencarbonate (80 ml), brine (80 ml) and dried over sodium sulfate. TLC gave no evidence of starting material. The oily residue crystallized after 3 d. HRMS: 311.9847 [MPage 166
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H]-, calc. for C11H7N3O4ClS 311.985, 1H (300.1 MHz, DMSO-d6) δ ppm 11.76 (s, 1H), 8.40 (d, J 8.9 Hz, 2H), 8.19 (d, J 8.9 Hz, 2H), 7.74 (t, J 7.94, 7.94 Hz, 1H), 7.12 (d, J 7.7 Hz, 1H), 7.02 (d, J 8.1 Hz, 1H), 13C (75.5 MHz, DMSO-d6) ppm 150.75, 149.97, 148.18, 145.17, 141.84, 128.96, 124.36, 118.79, 110.61 (2-Aminopyrimidin-4-yl)pyridinium chloride (2). A slurry of 0.55 g isocytosine in 40 ml dry pyridine was heated to 80 °C with stirring. After 30 min, 1.11 g of 4-nitrobenzenesulfonyl chloride were added. After a short time, the mixture was nearly dissolved. A precipitate formed after a few minutes. Stirring continued for 2.5 h. The precipitate was then filtered and washed with pyridine. Drying under high vacuum yielded 0.745 g of 1-(2-aminopyrimidin-4-yl)pyridin-1-ium chloride (72.2%). HRESI-MS: m/z 173.0826 [M+], 173.0822 C9H9N4+. 1H (300 MHz, DMSO-d6 ppm 9.63 (dd, J 6.8, 1.2 Hz, 2H), 8.90 (tt, J 7.90, 1.24, Hz,1H), 8.70 (d, J 5.3 Hz,1H), 8.36 (m, 1H), 7.56 (s, 2H ), 7. 42 (d, J 5.3 Hz,1H). 13C (75.5 MHz, DMSO-d6) δ ppm 163.46, 163.05, 158.91, 149.49, 141.80, 128.00, 100.96. (2-Amino-6-methylpyrimidin-4-yl)pyridinium 4-nitrobenzenesulfonate (3). A stirred solution of 0.71 g (0.5 mmol) 2-amino-4-chloro-6-methylpyrimidine in 30 ml pyridine was cooled to -20 °C, and 1.11 g (0.5 mmol) of 4-nitrophenylsulfonyl chloride were added. The solution was then allowed to warm to ambient temperature over 2 h and stirred for another 6 h, after which analytical HPLC showed complete consumption of the starting material. The pyridine was evaporated, and residual pyridine was removed by the addition of water (30 ml) and evaporation. This was repeated twice. The residue was mixed with 3 ml n-propanol, warmed to ambient temperature, and cooled to 0 °C. The precipitate was collected on a glass frit, washed with n-propanol, and dried at 10 mBar. The yield was 1.05 g (54.0%). HRMS: 187.0977 M+, calc. for C10H11N4+ 187.0978, m/z: 187.098 (100.0%), 188.102 (10.8%), 188.095 (1.5%). 1H (300 MHz, DMSO-d6) δ ppm 9.53 (d, J 5.74 Hz, 2H), 8.85 (t, J 7.74, 7.74 Hz, 1H), 8.31 (t, J 7.17, 7.17 Hz, 2H), 8.18 (d, J 8.72 Hz, 2H), 7.83 (d, J 8.71 Hz, 2H), 7.43 (s, 2H), 7.26 (s,1H), 2.42 (s, 3H). 13C (75.5 MHz, DMSO-d6) δ ppm 172.95, 163.34, 159.32, 154.11, 149.50, 147.40, 141.86, 128.11, 127.02, 123.46, 100.59, 24.23. 4-Nitrobenzenesulfonyl guanidine (4). A suspension of 6.7 g (30 mmol) 4-nitrophenylsulfonyl chloride and 12.7 g guanidinium chloride (0.134 mol) in 30 ml pyridine was stirred and heated to 100 °C. The mixture became red, and after a short time a precipitate formed. The pyridine was evaporated, 50 ml water were added, and the mixture was distilled to remove pyridine, after which 50 ml water and 50 ml dichloromethane were added. A precipitate formed, which was collected on a frit, washed thoroughly with water, and dried in a dessicator. 5.02 g of a colourless product was obtained (64.0%). HRMS: 245.0342 [M+H]+, calc. for C7H9N4O4S 245,0339. 1H (300 MHz, DMSO-d6) δ ppm 8.33 (d, J 8.79 Hz, 2H), 7.98 (d, J 8.77 Hz, 2H), 6.83 (s, br, 4H). 13C (75.5 MHz, DMSO-d6) δ ppm 158.32, 150.00, 148.92, 127.19, 124.28. N-(4-Hydroxy-6-methylpyrimidin-2-yl)-4-nitrobenzenesulfonamide (5). A mixture of 3.12 g (12.8 mmol) 4-nitrobenzenesulfonyl guanidine (4) and 15 ml ethyl acetoacetate was refluxed at 170-180 °C for 1.5 h. The condenser was removed after 30 min to evaporate alcohol and water formed during the reaction. The resulting red solution was cooled to ambient temperature and allowed to crystallize overnight. The precipitate was collected on a glass frit. The product was Page 167
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washed with a small amount of methanol and was evaporated to dryness. The reaction yielded 2.12 g (53.4%) of a white product. HRMS: 309.0296 [M-H]-, calc. for C11H9N4O5S 309.0299. 1H (300 MHz, DMSO-d6) δ ppm 11.74 (s, br, 1H), 9.33 (d, J 8.83 Hz, 2H), 9.11 (d, J 8.83 Hz, 2H), 5.73 (s, 1H), 2.11 (s, 3H). 13C (75.5 MHz, DMSO-d6) δ ppm 160.52, 153.58, 150.47, 149.53, 148.14, 127.55, 124.57, 102.68, 18.61. N-(4-Chloro-6-methylpyrimidin-2-yl)-4-nitrobenzenesulfonamide (6). A mixture of 2.05 g (6.61mmol) N-(4-hydroxy-6-methylpyrimidin-2-yl)-4-nitrobenzenesulfonamide and 10 ml phosphoryl chloride was refluxed for 30 min with stirring. After cooling, 100 g of ice was added in portions. The red mixture became colourless and a precipitate was formed, which was collected on a glass frit. The precipitate was dissolved in 30 ml of 0.05 M sodium hydroxide. The brown solution was then cooled on ice and acidified with diluted acetic acid (10% v/v) with stirring. The precipitate was separated on a glass frit, washed thoroughly with water, and dried in a desiccator over potassium hydroxide yielding 1.925 g (88.5%) of the brownish product. HRMS: 326.9956 [M-H]-, calc. for C11H8ClN4O4S 326.9960. 1H (300 MHz, DMSO-d6) δ ppm 8.37 (d, J 8.70 Hz, 2H), 8.19 (d, J 8.70 Hz, 2H), 7.08 (s, 1H), 2.29 (s, 3H), 2.10 (s, 1H). 13C (75.5 MHz, DMSO-d6) δ ppm 169.13, 161.35, 155.75, 149.87, 145.83, 129.57, 124.15, 113.98, 22.18. N,N,N,6-Tetramethyl-2-(4-nitrophenylsulfonamido)pyrimidin-4-ammonium chloride (7). In a sealed flask, a solution of 580 mg N-(4-chloro-6-methylpyrimidin-2-yl)-4-nitrobenzenesulfonamide in 20 ml tetrahydrofuran was stirred under argon and cooled to 0 °C. A solution of trimethylamine in ethanol (33 wt.%, Acros Organics, Nidderau/Germany) was added dropwise. After 10 min, a suspension formed. It was stirred overnight to allow the mixture to reach ambient temperature. The resulting precipitate was separated immediately on a glass frit, washed with anhydrous diethyl ether and dried, yielding 670 mg (98.0%) of a greyish to white product. HRMS: 352.1074 M+, calc. for C14H18N5O4S+ 352.1074; 1H (600 MHz, DMSO-d6) δ ppm 10.42 (s, br, 1H), 8.25 (d, J 8.83 Hz, 2H), 8.01 (d, J 8.83 Hz, 2H), 6.89 (s, 1H), 3.21 (s, 9H), 2.26 (s, 3H). 13C (150.9 MHz, DMSO-d6) δ ppm 171.30, 164.35, 163.04, 152.31, 147.91, 128.18, 123.32, 97.41, 53.13, 24.14. N-(4-Fluoro-6-methylpyrimidin-2-yl)-4-nitrobenzenesulfonamide (8). A suspension of potassium fluoride (anhydrous, 135 mg), Kryptofix 222 (33 mg), potassium carbonate (anhydrous, 0.3 mg), N,N,N,6-tetramethyl-2-(4-nitrophenylsulfonamido)pyrimidin-4-ammonium chloride (124 mg) in dry DMSO was warmed to 105 °C over 2.5 h. The product was applied to a short column (silica gel 60 0.04-0.06 mm) (l=80 mm, d=20 mm) and eluted with ethyl acetate, yielding 82 mg (73.8%) of the white product. HRMS: 311.0252 M-, calc. for C11H8FN4O4S 311.0256. 1H NMR (500.3 MHz, DMSO-d6) δ ppm 13.0 (s, br, 1H), 8.35 (d, J 8.9 Hz, 2H), 8.14 (d, J 8.8 Hz, 2H), 6.63 (s, 1H), 2.31(s, 3H). 13C (125.8 MHz, DMSO-d6) δ ppm 169.78 (d, 1JFC 253.5 Hz), 156.14 (d, 3 J FC 21.0 Hz), 149.25, 147.47, 129.04, 123.84, 97.29 (d, 2 J FC 33.5 Hz), 21.46. Semiautomated synthesis of N-(4-fluoro-6-methylpyrimidin-2-yl)-4-nitrobenzenesulfonamide ([18F]8). For labelling experiments, a Scintomics synthesis module was used. Drying and labelling were controlled by Scintomics software adapted for this application. [18F]fluoride in H218O was purchased from f-con (Holzhausen, Germany) and was produced in the PET center of the Central Clinic in Bad Berka Germany. The activity was trapped on a QMA cartridge (SPE cartridge Chromafix 30-PS-HCO3, preconditioned with 5 ml of 0.5 M potassium carbonate and 2 x 5 ml of Page 168
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water). The activity was eluted from the resin with a solution of 3 mg K2CO3 and 20 mg Kryptofix 222 (synthesis grade; Merck) in 1 ml water/acetonitrile 0.3/0.7 (v/v) into a 5 ml conical glass vial (Wheaton V-Vial, 20 x 65 mm, purchased from Neolab, Heidelberg), which was preheated to 200 °C. The solvent was removed under a stream of nitrogen. After 2 min, a portion of 0.7 ml acetonitrile (Sigma-Aldrich, anhydrous) was added to the residue, and it was dried for another 3 min. A second portion of 0.7 ml acetonitrile was added, and after complete evaporation the system was cooled to 80 °C. Next, a solution of 1-2 mg 7 in 0.5 ml DMSO was added. This mixture was then heated (preset of 80 °C) in a closed vial and in 3 min intervals, a nitrogen stream mixed the solution. After a few minutes, the solution became visibly red. The overall reaction time was 20 min, and the mixture became dark red. The product was purified manually with a RP18 cartridge. The DMSO solution (~0.5 ml) was diluted with 5 ml water and the mixture was applied to a RP18 cartridge (Waters Corporation), which was activated with 10 ml of DMSO and 10 ml of a 1:9 (v/v) DMSO-water mixture. The cartridge was washed with 5 ml water. The product was eluted with 1.5 ml of ethanol. The radiochemical yield was up to 74% with radiochemical purity of 91%-99% (see HPLC conditions above). Radio TLC (on unmodified silica gel 60 F254, VWR, Germany) was performed using ethyl acetate/methanol 9:1 yielding a radioactive peak at RF=0.57.



Acknowledgements We would like to thank Franziska Rhein and Friedrich Gollmick for NMR and Andrea Perner for MS measurement. We are grateful to the German Federal Ministry of Education and Research (BMBF-0314108) for financial support. We are also very grateful Brent Sørensen for the proof reading of the manuscript.



References 1. 2. 3. 4. 5. 6. 7.



Giron, M. C. Q J Nucl Med Mol Im. 2009, 53, 359-364. Mylonas, I. Arch. Gynecol. Obstet. 2011, 283, 7-18. Hocke, C.; Prante, O.; Lober, S.; Hubner, H.; Gmeiner, P.; Kuwert, T. Bioorg. Med. Chem. Lett. 2005, 15, 4819-4823. Schirrmacher, R.; Mühlhausen, U.; Wängler, B.; Schirrmacher, E.; Reinhard, J.; Nagel, G.; Kaina, B.; Piel, M.; Wießler, M.; Rösch, F. Tetrahedron Lett. 2002, 43, 6301-6304. Bagot-Gueret, C.; Le Bas, M. D.; Tymciu, S.; Darabantu, M.; Emond, P.; Guilloteau, D.; Lasne, M. C.; Wijkhuisen, A.; Barre, L.; Perrio, C. Bioconjug. Chem. 2003, 14, 629-641. Roger, G.; Valette, H.; Hinnen, F.; Saba, W.; Coulon, C.; Ottaviani, M.; Bottlaender, M.; Dolle, F. J Label Compds Radiopharm. 2003, 48, S165-S165. Dolle, F. In PET Chemistry; Schubiger, P. A., Lehmann, L., Friebe, M., Eds.; Springer: Berlin Heidelberg, 2007, pp 113-157.



Page 169



©



ARKAT-USA, Inc



General Papers



8. 9. 10. 11. 12. 13.



ARKIVOC 2012 (ix) 159-170



Hoyte, R. M.; Zhang, J. X.; Lerum, R.; Oluyemi, A.; Persaud, P.; O'Connor, C.; Labaree, D. C.; Hochberg, R. B. J.Med. Chem. 2002, 45, 5397-5405. Gakh, A. A. In Top Heterocycl Chem. Springer-Verlag: Berlin Heidelberg, 2011, pp 1-31. Price, C. C.; Leonard, N. J.; Whittle, R. L. J. Org. Chem. 1945, 10, 327-332. Roblin, R. O.; Winnek, P. S. J. Am. Chem. Soc. 1940, 62, 1999-2002. Roblin, R. O.; Winnek, P. S.; English, J. P. J. Am. Chem. Soc. 1942, 64, 567-570. Rose, F. L.; Swain, G. J. Chem. Soc. 1945, 689-692.



Page 170



©



ARKAT-USA, Inc



























[image: Facile and efficient synthesis of 4 - Arkivoc]
Facile and efficient synthesis of 4 - Arkivoc












[image: Facile synthesis of 4,4'-bis-sydnones - Arkivoc]
Facile synthesis of 4,4'-bis-sydnones - Arkivoc












[image: A facile synthesis of racemic aggregation pheromones of ... - Arkivoc]
A facile synthesis of racemic aggregation pheromones of ... - Arkivoc












[image: Facile green chemistry approaches towards the synthesis of ... - Arkivoc]
Facile green chemistry approaches towards the synthesis of ... - Arkivoc












[image: Facile iron(III) chloride hexahydrate catalyzed synthesis of ... - Arkivoc]
Facile iron(III) chloride hexahydrate catalyzed synthesis of ... - Arkivoc












[image: Facile synthesis of mono-, bis- and tris-aryl-substituted ... - Arkivoc]
Facile synthesis of mono-, bis- and tris-aryl-substituted ... - Arkivoc












[image: Synthesis of substituted ... - Arkivoc]
Synthesis of substituted ... - Arkivoc












[image: Synthesis of - Arkivoc]
Synthesis of - Arkivoc












[image: Synthesis of substituted ... - Arkivoc]
Synthesis of substituted ... - Arkivoc












[image: Synthesis of sulfanylidene-diazaspirocycloalkanones in a ... - Arkivoc]
Synthesis of sulfanylidene-diazaspirocycloalkanones in a ... - Arkivoc












[image: Synthesis of sulfanylidene-diazaspirocycloalkanones in a ... - Arkivoc]
Synthesis of sulfanylidene-diazaspirocycloalkanones in a ... - Arkivoc












[image: Enantioselective synthesis of a substituted cyclopentanone ... - Arkivoc]
Enantioselective synthesis of a substituted cyclopentanone ... - Arkivoc












[image: Synthesis of 2-aroyl - Arkivoc]
Synthesis of 2-aroyl - Arkivoc












[image: Chemical Synthesis of Graphene - Arkivoc]
Chemical Synthesis of Graphene - Arkivoc












[image: The synthesis of thioglucosides substituted 1,4 ... - Arkivoc]
The synthesis of thioglucosides substituted 1,4 ... - Arkivoc












[image: A new methodology for the synthesis of N-acylbenzotriazoles - Arkivoc]
A new methodology for the synthesis of N-acylbenzotriazoles - Arkivoc












[image: A convenient method for the synthesis of 3,6-dihydroxy ... - Arkivoc]
A convenient method for the synthesis of 3,6-dihydroxy ... - Arkivoc












[image: A new synthesis of pleraplysillin-1, a sponge metabolite ... - Arkivoc]
A new synthesis of pleraplysillin-1, a sponge metabolite ... - Arkivoc












[image: A facile four-component Gewald reaction under ... - Arkivoc]
A facile four-component Gewald reaction under ... - Arkivoc












[image: Synthesis and structure of salts of a sterically shielded ... - Arkivoc]
Synthesis and structure of salts of a sterically shielded ... - Arkivoc












[image: Synthesis, spectral characteristics and electrochemistry of ... - Arkivoc]
Synthesis, spectral characteristics and electrochemistry of ... - Arkivoc












[image: Gold catalyzed synthesis of tetrahydropyrimidines and ... - Arkivoc]
Gold catalyzed synthesis of tetrahydropyrimidines and ... - Arkivoc












[image: Highly efficient regioselective synthesis of organotellurium ... - Arkivoc]
Highly efficient regioselective synthesis of organotellurium ... - Arkivoc















The facile synthesis of a pyrimidinyl sulfonamide (N,N,N,6 ... - Arkivoc






estimation software (ChemDraw, Cambridge/USA). Figure 2. HMBC (solid .... The analytical radio HPLC was from Sykam GmbH (Eresing, Germany) and was ... 






 Download PDF 



















 657KB Sizes
 2 Downloads
 462 Views








 Report























Recommend Documents







[image: alt]





Facile and efficient synthesis of 4 - Arkivoc 

Siddiqui, A. Q.; Merson-Davies, L.; Cullis, P. M. J. Chem. Soc., Perkin Trans. 1 1999, 3243. 12. Hrvath, D. J. J. Med. Chem. 1999, 40, 2412 and references therein ...














[image: alt]





Facile synthesis of 4,4'-bis-sydnones - Arkivoc 

high atom economy and bond formation efficiency, have attracted much attention in .... so with an electron-withdrawing substituent such as halogen (1eâ€“1h).














[image: alt]





A facile synthesis of racemic aggregation pheromones of ... - Arkivoc 

16 Oct 2017 - traps, indicating them to be the most powerful attractants in operational programs to control the red weevil in .... GC-MS analyses were carried out using an Agilent Technologies 6890N (USA). .... Dang, C. H.; Nguyen, C. H.; Im, C.; Ngu














[image: alt]





Facile green chemistry approaches towards the synthesis of ... - Arkivoc 

Further, it is considered a processing aid in terms of energy conservation and waste minimization compared to traditional methods. 34,35. Prompted by the.














[image: alt]





Facile iron(III) chloride hexahydrate catalyzed synthesis of ... - Arkivoc 

Drug Discovery and Development Center, Thammasat University, 99 Moo 18 Paholyothin. Road, Klong Luang, Rangsit, Prathumthani 12121, Thailand. E-mail: ...














[image: alt]





Facile synthesis of mono-, bis- and tris-aryl-substituted ... - Arkivoc 

State Key Lab of Fine Chemicals, Dalian University of Technology, Dalian 116024 .... K3PO4Â·7H2O was the best one in terms of rate (Table 2, entries 4, 5 and 7).














[image: alt]





Synthesis of substituted ... - Arkivoc 

Aug 23, 2016 - (m, 4H, CH2OP), 1.39 (t, J 7.0 Hz, 6H, CH3CH2O); 13C NMR (176 MHz, CDCl3) Î´ 166.5 (s, C-Ar), ... www.ccdc.cam.ac.uk/data_request/cif.














[image: alt]





Synthesis of - Arkivoc 

Taiwan. E-mail: [email protected] ...... www.ccdc.cam.ac.uk/conts/retrieving.html (or from the CCDC, 12 Union Road, Cambridge. CB2 1EZ, UK; fax: ...














[image: alt]





Synthesis of substituted ... - Arkivoc 

Aug 23, 2016 - S. R. 1. 2. Figure 1. Structures of 4H-pyrimido[2,1-b][1,3]benzothiazol-4-ones 1 and 2H-pyrimido[2,1- b][1,3]benzothiazol-2-ones 2.














[image: alt]





Synthesis of sulfanylidene-diazaspirocycloalkanones in a ... - Arkivoc 

Jul 1, 2017 - DOI: https://doi.org/10.24820/ark.5550190.p010.136. Page 43. Â©ARKAT USA, Inc. The Free Internet Journal for Organic Chemistry. Paper.














[image: alt]





Synthesis of sulfanylidene-diazaspirocycloalkanones in a ... - Arkivoc 

Jul 1, 2017 - magnetically separable and easy recyclable heterogeneous CuFe2O4 nanocatalyst,. 11 ... we report now on an easy and efficient synthesis of spirohexapyrimidine derivatives from the ...... (m, 1 H, CHH-9), 2.28 (dt, J 19.0, 2.9 Hz, 1H, CH














[image: alt]





Enantioselective synthesis of a substituted cyclopentanone ... - Arkivoc 

Jul 23, 2017 - Email: [email protected] ... Currently, there are few direct C-C bond formation reactions that have been successfully applied for the ... There are significantly fewer examples of efficient control of the stereogenic process and ...














[image: alt]





Synthesis of 2-aroyl - Arkivoc 

Now the Debus-Radziszewski condensation is still used for creating C- ...... Yusubov, M. S.; Filimonov, V. D.; Vasilyeva, V. P.; Chi, K. W. Synthesis 1995, 1234.














[image: alt]





Chemical Synthesis of Graphene - Arkivoc 

progress that has been reported towards producing GNRs with predefined dimensions, by using ..... appended around the core (Scheme 9), exhibit a low-energy band centered at 917 .... reported an alternative method for the preparation of a.














[image: alt]





The synthesis of thioglucosides substituted 1,4 ... - Arkivoc 

Aug 31, 2017 - data of new and known starting chloronaphthoquinones 7a,b,câ€“10a,b ..... H-13), 4.23 (ddd, 1H, J 2.2, 5.5, 9.6 Hz, H-2), 5.07 (dd, 1H, J 9.6 Hz, ...














[image: alt]





A new methodology for the synthesis of N-acylbenzotriazoles - Arkivoc 

Jul 21, 2017 - Abstract. A facile and economic path for an easy access of diverse N-acylbenzotriazoles from carboxylic acid has been devised using NBS/PPh3 in anhydrous ... different types of N-halosuccinimide with 1.0 equiv. of PPh3 and 2.0 equiv. o














[image: alt]





A convenient method for the synthesis of 3,6-dihydroxy ... - Arkivoc 

Several hydroquinones are tested as electron shuttles in the photocatalytic system, employed for the reduction of water to molecular hydrogen.14 Hence it.














[image: alt]





A new synthesis of pleraplysillin-1, a sponge metabolite ... - Arkivoc 

Jun 25, 2017 - In the recent past, we have been using Î²-halo-Î±,Î²-unsaturated aldehydes as building blocks for the synthesis of various heterocycles,. 1-5 including furophenanthraquinones. 6. In this context, our attention was recently drawn to ple














[image: alt]





A facile four-component Gewald reaction under ... - Arkivoc 

In the framework of our investi- gations on the development of one-pot ... or to activation of electron donating functional groups through. H-bonding with water ...














[image: alt]





Synthesis and structure of salts of a sterically shielded ... - Arkivoc 

Multi-gram amounts of halogen-free lipophilic aluminate salts have been ..... transformation reactions.38-43 The synthesis of IPrAu(SMe)2 almebate (8) has ...














[image: alt]





Synthesis, spectral characteristics and electrochemistry of ... - Arkivoc 

studied representatives of electron-injection/hole-blocking materials from this class is .... Here, the diagnostic peak comes from C2 and C5 carbon atoms of the.














[image: alt]





Gold catalyzed synthesis of tetrahydropyrimidines and ... - Arkivoc 

Dec 21, 2017 - or the replacement of hazardous organic solvents with environmentally benign solvents has received ..... Replacement of p-MeOC6H4 8c or t-Bu 8i by other hydrophobic groups such as o,p-. Me2 8d ..... Jones, W.; Krebs, A.; Mack, J.; Main














[image: alt]





Highly efficient regioselective synthesis of organotellurium ... - Arkivoc 

Aug 31, 2017 - of tellane 4 (0.735 g, 2 mmol) in dichloromethane (25 mL). The mixture was stirred overnight at room temperature. The solvents were removed on a rotary evaporator, and the residue was dried under reduced pressure. Yield: 0.726 g (quant


























×
Report The facile synthesis of a pyrimidinyl sulfonamide (N,N,N,6 ... - Arkivoc





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















