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עמוד 6 מתוך 6

נסוי מס' 5 – תגובות ציקלואדיציה ותגובות קרבנים
מטרות הנסוי – 
א.  לימוד תגובות ציקלואדיציה.


ב.   למוד והכרות עם צורון פעיל בסינתזה אורגנית. 

חמר רקע – 
ספרי למוד בכימיה אורגנית.

Stereochemistry of the Diels-Alder Reaction

[image: image1.emf]The Diels-Alder reaction is the name given to a remarkably facile cycloaddition of a 1,3-diene (in a cisoid configuration) to an olefin, usually activated by electron-withdrawing groups, the product being a cyclohexene derivative. 
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The mechanism is believed to involve the simultaneous attachment of both ends of the diene in a concerted rearrangement of the -electron systems as shown (the directions of the arrows have no significance; they could all be reversed). Thus, six electrons are involved and the process is one of a group of cycloadditions permitted to occur by the Woodward-Hoffmann Rules which are based on a correlation of the orbital symmetries between the starting material/s and the product (see Table). With suitably substituted reagents, stereoisomerism of the products is possible.  For instance, furan (I) and maleic anhydride (II) may add to give the exo adduct (III) or the endo adduct (IV) (see Scheme and footnote 1, next page).
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Usually, the endo isomer is formed more rapidly, and it is the main product at low temperatures and short reaction times. This is a result of the more favorable secondary interaction overlap between the two -systems in the transition state (V) leading to endo product compared with that (VI) leading to exo with consequent lowering of activation energy in the former case. This property is quite solvent dependent; however, and endo-exo ratios have been used as a measurement of solvent polarity.  The exo isomer may, in some instances, be inaccessible by the Diels-Alder route, although it is usually the more stable of the two by virtue of reduced steric interactions (in the above example, repulsive forces between the anhydride ring and the ethylenic double bond in IV are greater than those between the anhydride ring and the oxygen bridge in III).  If the endo-exo transition energy is sufficiently low (10-20 kcal/mol), the exo isomer may be obtained by carrying out the reaction at a sufficiently high temperature. The furan-maleic anhydride adduct is one of the most labile; the initial product at 250, which contains both endo and exo in a 1:2 ratio, reorganizes entirely to the exo isomer on standing. The mechanism of this isomerization has been shown to proceed by dissociation and recombination, IV(V(VI(III. This is a classic example of kinetic and thermodynamic control of reaction products.

___________________________

1) The endo-exo terminology is applicable to boat forms of cyclohexane rings (as in this case on account of the methylene oxide bridge) and indicates the substituent to be on the inside (concave side)-endo or outside (convex side)-exo of the boat

Copper Catalyzed Azide-Alkyne Cycloadditions (CuAAC) 
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In 2002, the copper catalyzed azide-alkyne Huisgen cycloaddition was introduced by both Sharpless and Meldal.  This reaction occurs between an organic azide and a terminal acetylene.  The cyclic product is a triazole.  The copper catalyst allows the reaction to proceed at room temperature and confers regioselectivity, with the 1,4 regioisomer being the only product.
Since its introduction, the CuAAC has rapidly found utilization in numerous fields. The reaction is surely responsible for the tremendous popularity of the “click” concept and many simply associate “click chemistry” to mean triazole formation between an azide and alkyne.  The tremendous rise in popularity of “click chemistry” can be seen by the large number of citations (more than 1500) for the original Sharpless copper azide-alkyne cycloaddition paper

[image: image2.png]



Advantages of the Reaction                                                                                                                                       
1. Occurs at room temperature

2. Shows a great degree of solvent and pH insensitivity 

3. High chemoselectivity, meaning that the reaction partners, an azide and alkyne, are inert to reaction with numerous other functional groups under the typically mild reaction conditions

The last advantage is one of the unique properties of this reaction.  The relative stability of the azide and alkyne to other functionality is responsible for both the high yields of the reaction.  Since azides and alkynes are not biologically present and do not react with biological functionalties, the reaction has often been described as bio-orthogonal and is very useful for site-specifically coupling biomolecules together.
CuAAC Mechanism
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*Notes

Benzylbromide and cyclohexene have a very strong and unpleasant odor (benzylbromide is also a potent lachrymogen), all reactions must be performed in a fume hood.
Procedure for (1-benzyl-1H)-1,2,3-triazol-4-yl-methanol:
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To a stirred solution of benzyl bromide (10 mmol) in 40 mL of acetone/H2O (3:1) at 25 0C, add 20 mmol of NaN3 and continue stirring for at least 40 min. Check reaction progress by TLC (petrol ether).

The final mixture is diluted with 80ml EtOAc, washed (extract) with H2O, brine. Dry over Na2SO4, filter and concentrate under reduced pressure. The resulting residue is rechecked by TLC. If necessary, purify by chromatography on a short plug of silica gel (check by TLC to obtain the best separation, remember that you use just a short plug) to give benzyl azide quantitatively.
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Propargyl alcohol (1eq) and benzyl azide (1eq) are suspended in a mixture (1:1) of H2O/t-BuOH (20 mL). Cu(0) nanosize activated powder (0.1eq) and Et3N-HCl (1eq) are added, and the heterogeneous mixture is stirred vigorously for over 2 h. Check reaction progress by TLC. The reaction mixture is diluted with water and filtered. The aqueous layer is extracted with EtOAc twice. Combine the organic layers, dry and evaporate under reduced pressure to afford the desired triazole as a white crystalline to light orange solid (80% yield).

References: a) H. A. Orgueira et al. / Tetrahedron Letters 46 (2005) 2911–2914. b) M. M. Saá et al. / Tetrahedron 62 (2006) 11652–11656. c) K. B. Sharpless et al. Angew. Chem. Int. Ed. 40 (2001) 2004-2021. d) R. Hüisgen in 1,3-Dipolar Cycloaddition Chemistry (Ed.: A. Padwa), Wiley, New York, 1984, pp. 1-176.

Theoretical background on carbenes*

* Roberts, Gilbert, Rodewald and Wingrove, An Introduction to Modern Experiments Organic Chemistry, 2nd Ed. 1974, Chap. 13.

Experimental Procedure
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7,7-Dichlorobicyclo[4.1.0]heptane:

Place 8.2 g (10.1 mL, 0.1 mol) of freshly distilled cyclohexene, 36 g (24 mL, 0.3 mol) of chloroform and 0.4 g (1.7 mmol) of triethylbenzylammonium chloride in a three-necked, round-bottomed 100-mL flask fitted with a magnetic stirrer unit and a reflux condenser. Stir the solution vigorously and add to it 30 ml (~0.4 mol) 50% NaOH in portions down the condenser during 5 minutes. Within 10 minutes an emulsion is formed, and the temperature of the mixture increases slowly during 25 minutes to about 50-55°C; thereafter the temperature decreases (the color may change from white to a pale brown). After stirring for 2.5 hours add 40 mL of ice-cold water to the reaction mixture, transfer to a separating funne1, mix effusively and collect the lower chloroform layer. Extract the aqueous alkaline solution with 30 mL of CH2Cl2 and combine this extract with the chloroform solution and wash with 25 mL of 2M hydrochloric acid followed by two 25 mL portions of water. Dry the organic solution over magnesium sulphate, filter and remove the solvents on a rotary evaporator. Transfer the residual deep golden-coloured liquid to a 25 mL flask to which is attached a short (7 cm) fractionating column (Vigreaux), and distil under reduced pressure. Collect the 7,7-dichlorobicyclo[4.l.0]heptane at 80-820C/16mmHg; the yield is 10.2 g (62%). Alternatively, check the product by TLC and purify by column chromatography. The purity may be checked by GC-MS and 1H-NMR.
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