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AWraet- A new gaUdium-catalyzed synthesis of 4-alLylcoumarins is lqmlted, based on inu7an01ecular atylariun 

of the 3-alkenoic chaia of an 0ti~-iodopheny estez. 

In the course of our studies, aimed at achieving ring formation fmm or&-substituted aromatics’, we 

have obtained a new synthesis of 4-methylcournarm, based on the following pall&urn-catalyzed cyclization 

6% 1): 

The catalyst may be introduced as a palladium(O) complex prepared from palladium 

L&(dibenzylidene)acetone and two molecules of triphenylphosphhre. The reaction takes place under mikl 

conditions (SOY!) in anisole as solvent, in the presence of an alkali salt of an organic acid (potassium butyrate) 

as neutralising and gives yields of 4-methylcoumah above 85% if side reactions are appropriately controlled. 

The synthesis has general character, although yields rapidly decrease in the presence of increasingly bulky 

substituents on the terminal double bond carbon. 

Intramolecular cyclization to 4-rrwhyl-l-2If-benxopyran was obtained by Heckza starting from orfho- 

iodophenyl f-butenyl ether. Other intramolecular Heck-type reactions2 with orth-iodoaryl ally1 ethers were 

reported to give five-membered (henzofuran) rings3. Analogous reactions with N-allylanihnes gave 

five-membered (indole) rings4. The achievement of the six membered ring closure from the oWuAxlopheny1 

ester of 3-butenoic acid has been prevented so far by the absence of control of ester cleavage and 

isomerization of the double bond from position 3 to 2. In fact the ester is susceptible to attack by acid or basic 

reagents and can be cleaved in protic solvents, while the allylic group readily undergoes isomerization to 

2-butenoate, which is inert towards farther reaction and competes with the substrate for coordination sites on 
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palladium. It has to be observed in this context that if the 3-buknoic chain is replaced by the acrylic one, 

cyclization does not occur, although it has been obtained with a nickel catalysd. 

Contrary to olefii arylation, which is not regioselective, the present process is complekly regioseIect&, 

only the inmnsl carbon of the double bond being hlvolved in c@ization, The allylic carbon dom not appear to 

take part in the process (through formation of an q3-allylic complex as for exatnphs in the syntlksis of 

benzofmans from ortho-iodophenol and 1,3-dienes6), cyclization occurring as well if the two allylie protons 

are replaced by methyl groups with formation of 3,3dimetbyl4n~thykak-3,4dihydrocoumarin. The 

electron-withdrawing group (carbonyl) adjacent to the ally1 group also is not needed, as shown by the 

above-mentioned reaction2a of the corresponding buknyl ether which gives 4-methyl-1-2Wbenzopyran. The 

reaction must thus consist of a mgioselective attack on the inkrnal carbon of the knninal double bond, 

followed by reductive elimination of hydrogen iodide. 

As shown in the scheme (I.,==romokr ligand, X=carboxylak), with triphenylphosphine as ligand the 

reaction leads to oxidative addition7 of the substrate to palladium(O). as shown by the isolation of the zruns 

complex 1. The latkr gives 4-methylcoumarin on heating, but curiously it does not act as catalyst unless 

carbon monoxide and a promoter such as phenylacetylene, methyl acrylak or benzonitrile (the latter being the 

best one) is present in large excess over palhxlium No carbon monoxide insertion is observed under our 

conditions, although intramolecular acylpalladation of tutactivated oldins has been reporkd2fag. Carbon 

monoxide is likely to help dissociation of one phosphine molecule by coo&ration to form 2. Displacement of 

the carbonyl group by the buknoic double bond gives 3. 

After dissociating triphenylphosphine should reassociak to stabilise the double bond insertion productg. 

thus forming 4, then 5 by f3-H ehminationl0 (likely through another inkrmed&e) and 6 by palMbun 

hydride-catalysed isonxzrisa tion. Apparently triphenylphosphine does not reassociate at a suS&ntly high rate, 

so the added promokr L should play the role of associating to palladium faster than triphenylphospltine, thus 

curkihng the effect of other competing reactions such as double bond isomzization to 8, probably through 

q3-allylpalladium 7, and isomrisation (not shown in the Scheme) of the double bond of the starting 

iodophenyl 3-buknoak to the 2-isomer 1 l, which all would deactivate the catalytic complex. Iodophenyl 

2-buknoak and phenyl 2-buknoak were isolated from the reaction mixture. the latter after hydrogenolysis 

with hydrogen. It is to be pointed out that no pertinent information was found in the literature on how to 

promote nktal-catalyzed cyclization in the presence of competing isomerisation when competing reactions 

are absent, as in the case of orrho-iodophenyl3-buknyl ether, there is no need of a promoter. Also in the case 

of a rigid chelating phosphine forming a large ring such as K&liphcnylphosphlno)ferrocerk, which can mtniily 

di~soclate~~ and re-associate, the promoter is not mquired. Yield drops to 30%, however, owing to extensive 

isonxxisation to iodoaryl2-buknoak. 

Further studies are in progress to clarify the role of promokrs and ligands. 
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Preparation and reaction of complex nanr-Ptuco-c~4OC~H2CH=CH2XPPh3)2 (1). 

a-C&(OCQCH2CH=CH2)I. 167 mg (0.579 mmol), dissolved in toluene, 6.5 nil, is added to M(PPh3)4, 

652 mg (0.566 mmol) and toluene, 10.0 ml, at room temperature under nitrogen. The solution becomes 

progressively clear as the new toluene-soluble complex is fommi. After OXE hour the solvent is mxxnmd umkr 

vacuum, the solid residue is washed several time6 with cold diethyl cthr amI dried at the nmhmical pump. 

‘NMR (400 MHz, CDCl3, ‘TMS): 6 7.58-7.51, 12 H, m; 7.36-7.28, 6 H, m; 7.27-7.19. 12 H. m; 6.52, 1 

H, dq, J 7.7, 1.8 Hz (CHCpd); 6.39, 1 H, dd. J 7.9.7.2 Hz (CHpum, Pd-bonded aryl): 6.21, 1 H, dd further 

split, J 8.1, 1.2 Hz (CHCDC=O); 6.02; 1 H, t further split, J 7.0 Hz (CZfCHCpd); 5.88, 1 H, ddt, J 17.0, 10.4, 

6.8 Hz (CH=CH2): 5.25, dq, 1 H, I 16.7, 1.5 Hz (CH=CH2); 5.24. 1 H. dq, J 10.5, 1.5 Hz (CH=CH2); 3.30, 

2 H, dt, J 6.9. 1.4 Hz (CH2CH=h 31P(H) NMR (81 MHz. CDCl3, external 85% H3PO& 8 23.2. when 

heated at 80°C in anisole in the pmence of an excess of potassium butyrate (3.4 mol) the complex 

decomposes to hnethylcoumarin. 

Geneml procedure for cyclization reactins. The procedure is illummd by the following example 

concerning the preparation of 4-mthylcomuuiu In a 25 ml flask with maguetk stining Pd(bt.s- 

dibenzylidenemxtone )2. 13.2 mg (0.023 mmol), PPh3, 12.0 mg (0.046 mmol), arul potassium met, 95 mg 

(0.753 mnml), are caused to react with o-iodopbenyl 3-butenoate, 140 mg (0.486 nnml). in &sole. 4 ml, 

containing benzonitrile, 61 mg (0.587 ml), under amospkzic pnsrmre of carbon monoxide at 80°C for 24 
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h. The products are analyzed by GLC and separated by TLC using n-hexandethyl acetate 9/l as the eluent. 

4-Methylcoumarin 1 3 was obtained with 85% yield and selectivity higher than >90%. No reaction takes place 

in the absence of CG and benxonitrile. Complex 1 can also be used as catalyst in place of W(dba)2 + 2PPh3. 

CEthylcoumarin l4 (yield 32%) was obtained from ortb-iodophenyl 3pentenoate. 

3,3-Dimethyl-4-methylene-3,4-dihydrocoumarin (yield 50%) was obtained from orrho-iodophenyl 

2,2athyl-3-butenoate. 1H NMR: 6 7.54, 1 H, dd, J 7.7, 1.5 Hz (cHCC=CH2; 7.36, 1 H. td. J 7.9, 1.6 Hz 

(CKHCG); 7.18, 1 H, td, J 7.6, 1.2 Hz (CZfCHCC); 7.08, 1 H, dd, J 8.1, 1.3 Hz (CHCO); 5.57, 1 H. s, 

(=CH); 5.33, 1 H, s, (=CH); 1.49,6H, s (2Me). 4-Methyl-l-W-benzopyran15 (yield 48%) was prepared from 

or&-iodophenyl 3-butenyl ether together with less than 10% of 3,4-dihydro-4-l-W-benzopyran. 

The procedure by Heck2a gave 47% and 28% of the two compounds, respectively. 
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