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A Simple and Efficient Synthesis of Isocoumarins and Alkylidenephthalides 

from 3-(1-Hydroxycarbethoxy/alkyl)phthalides with DEAD/PPh3/TBHP 

System 

Sunita K. Gadakh and Arumugam Sudalai* 

 

A single step approach for the synthesis of 3-carbethoxy-isocoumarin derivatives and 3-

alkylidenephthalides from 3-(1-hydroxycarbethoxy/alkyl)phthalides is described.  
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A facile and novel approach to the synthesis of 3-carbethoxy-isocoumarins and 3-alkylidenephthalides is described. The 

methodology employs DEAD/PPh3/TBHP as the reagent system proceeding through unprecedented 1,2-shift intramolecular ring 

expansion or simple elimination depending upon substituents present on 3-substituted phthalides, with broader substrate scope. 10 

This strategy is amply demonstrated in the short synthesis of bioactive molecules such as cytogenin and (Z)-3-butylidene-7-

hydroxy-5-methoxyphthalide. 

Introduction 
Isocoumarins and 3-alkylidenephthalides are naturally occurring 

lactones, which are structural subunits present in numerous 15 

natural products (1-3) that exhibit a wide range of biological and 

pharmacological activities such as antiinflammatory, antifungal, 

antiplasmodic, etc.1 They are also important in medicinal 

chemistry as building blocks for the synthesis of other 

biologically active heterocyclic2 and carbocyclic3 compounds. 20 

Due to their wide range of biological activities, a series of 

efficient methods have been developed recently for the 

construction of isocoumarins and 3-alkylidenephthalides 

frameworks (Fig. 1). 

 25 

Fig. 1: Bioactive molecules with isocoumarin and 

alkylidenephthalide skeletons 

For isocoumarins, the most useful method is based on the 

catalytic cyclization of o-alkynylbenzoic acid derivatives4 while 

in the case of phthalides, the attractive route is the reaction 30 

between o-halobenzoic acid derivatives and terminal alkynes.5   

 

 

 

 35 

Quite recently, use of copper6 or palladium7 salts as catalysts for 

the construction of isocoumarins and 3-alkylidenephthalides 

frameworks has attracted considerable attention due to their 

economic attractiveness and good functional group tolerance. 

Despite the efficiency of these synthetic strategies, they are 40 

significantly limited by substrate availability.8 In addition, these 

methods involve multistep sequences,9 harsh conditions,10 

expensive catalysts and ligands11 or use of either excess 

acid/strong bases,12 often leading to products with low selectivity. 

Recently, we have reported a new protocol of CN-assisted 45 

cyclization for the synthesis of a wide variety of 3-substituted 

phthalides (4a-t) and their structural analogues via asymmetric 

dihydroxylation process of cyanocinnamates and styrene 

derivatives.13 In continuation of this methodology, we anticipated 

that a simple functional group manipulation (OH→N3)
14 in 50 

phthalide 4h under typical Mitsunobu condition (PPh3, DEAD, 

DPPA),15 followed by reduction, would enable us to construct 

tetrahydroquinoline skeletons. Surprisingly, phthalide 4h, when 

subjected to the above reaction condition in stoichiometric 

amounts, with or without DPPA, underwent intramolecular ring 55 

expansion to afford isocoumarin derivative 5h exclusively in 95% 

yield at ambient conditions (Scheme 1).  

 
Scheme 1: Intramolecular ring expansion of 3-(1-

hydroxycarbethoxy)phthalide 4h 60 
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Results and Discussion 
Encouraged by this result, we became interested in the catalytic 

use of DEAD, as the stoichiometric use of DEAD leads to the 

formation of 1,2-dicarbethoxyhydrazine as side product, which is 

difficult to separate from the desired product. In the literature, it 5 

is reported that 1,2-dicarbethoxyhydrazine can be reoxidized to 

DEAD using iodobenzene diacetate (BIAB).16 However, in our 

case, use of oxidants like BIAB, NMO, or TEMPO resulted in 

negligible formation of 5h. However, other oxidants such as 

H2O2 and cumene hydroperoxide (CHP) indeed gave the desired 10 

product 5h in 40% and 30% yields respectively (Table 1). 

Table 1: Intramolecular ring expansion of phthalide 4h: Role of 

oxidants and solventsa 

entry oxidants 

(equiv) 

solvents temp 

(°C) 

time 

(h) 

yield of 5h 

(%)b 

1 aq. H2O2 (1.5) THF 25 2 40 

2 CHP (1.5) THF 25 3.5 30 

3 H2O2 (3) THF 25 2 50 

4 TBHP (3) THF 25 2 70 

5 TBHP (2) 1,4-dioxane 25 2 40 

6 TBHP (2) THF 50 3 40 

7 TBHP (2) THF 70 3 30 

8 TBHP (2) CH2Cl2 25 2.5 50 

9 TBHP (3) THF 25 2.5 50 

10 TBHP (2) Et2O 25 1.5 30 

11 TBHP (2) CH3CN 25 3 10 

12 TBHP (2) THF 25 2 95 
aReagents and conditions; phthalide 4h (1 mmol), PPh3 (1.5 

mmol), DEAD (10 mol%). bIsolated yield after column 15 

chromatographic purification. 

The aprotic solvents like 1,4-dioxane, CH2Cl2, CH3CN and Et2O  

were found to be less suitable for the reaction as compared to 

THF. The optimal temperature was found to be 25 °C, as at 

higher temperatures, there was a slight decrease in the yield 20 

(entry 6 and 7) so also in the case of the excess use of TBHP. 

Thus, after several experimental optimizations, the optimized 

conditions were determined as phthalide 4h (1 mmol), Ph3P (1.5 

mmol) with TBHP (2 mmol) in the presence of DEAD (0.1 

mmol) in THF at 25 °C to afford the desired product 5h in 95% 25 

yield (Table 1, entry 12). 

Substrates scope was then evaluated and the results are 

summarized in Table 2. Substrates having electron-poor or 

electron-rich substituents on the aromatic ring underwent the 

reaction smoothly to give products with excellent yields (Table 30 

2). As can be seen from Table 2, it was observed that if the 

substituent R4 = CO2Et, intramolecular ring expansion took place 

to give isocoumarin derivatives (5a-j) and that if the substituents 

R4 = H or alkyl, it led to simple eliminated products (6k-t) with 

Z-stereoselectivity. In every case, the reaction proceeded rapidly 35 

within 0.5-2 h giving the desired products (5a-j or 6k-t) in 

excellent yields up to 95%. All the starting materials (4a-t) were 

prepared by the corresponding substituted benzaldehydes as 

reported in our previous work.13 

Table 2: Reaction of 3-substituted phthalides with 40 

DEAD/PPh3/TBHP: substrate scope 

 

entry R1 R2 R3 R4 

yield (%)a 

5a-j 6k-t 

a H H H CO2Et 94 - 

b H OMe H CO2Et 96 - 

c OMe OMe H CO2Et 92 - 

d OMe H OMe CO2Et 92 - 

e OMe OMe OMe CO2Et 90 - 

f H OBn OMe CO2Et 92 - 

g H F H CO2Et 95 - 

h H -O-CH2-O- CO2Et 95 - 

i H NO2 H CO2Et 90 - 

j 
(E)-ethyl 3-(1-cyanonaphthalene-

2-yl)acrylate 

CO2Et 
93 - 

k H H H H - 95 

l H OMe H H - 95 

m OMe OMe H H - 93 

n H OMe OMe H - 94 

o OMe H OMe H - 92 

p OMe OMe OMe H - 94 

q H OBn OMe H - 93 

r H -OCH2O- H - 94 

s OMe H OMe Me - 94 

t OM e OMe OMe pentyl - 91 
aIsolated yield after column chromatographic purification. 

Finally, an application of this methodology is demonstrated by 

the short synthesis of two biologically active molecules namely 45 

cytogenin (1), which shows cytotoxicity and (Z)-3-butylidene-7-

hydroxy-5-methoxyphthalide (2), used as antiarteriosclerotic 

agent. Cytogenin (1) was synthesized in two steps of NaBH4 

reduction of ester function followed by selective demethylation 

using BBr3 starting from isocoumarin derivative 5d (Scheme 2). 50 

 
Scheme 2: Synthesis of cytogenin (1) 

The synthesis of  (Z)-3-butylidene-7-hydroxy-5-methoxy 

phthalide 2 was achieved in 5 steps starting from 2-bromo-3,5-

dimethoxybenzaldehyde 8: Julia olefination of 8 gave olefin 9 55 

(E:Z = 98:2) in 85%; bromide displacement with cyanide (84%); 
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Os-catalyzed dihydroxylation (90%) and TBHP-mediated 

Mitsunobu reaction; which led to eliminated product i.e. (Z)-3-

butylidene-5,7-dimethoxyphthalide 12 in 80% over two steps 

with the required (Z)-selectivity. Finally, selective demethylation 

of 12 gave the target molecule 2 (Scheme 3). 5 

Scheme 3: Synthesis of (Z)-3-butylidene-7-hydroxy-5-methoxy 

phthalide (2) 

A probable mechanistic pathway similar to the Mitsunobu 

reaction mechanism17 is shown in Scheme 4. Firstly, PPh3 adds 10 

onto DEAD to generate a phosphonium ion intermediate, which 

readily deprotonates alcoholic proton in α-hydroxyphthalides 4 to 

provide phosphoxonium intermediate 13. Intermediate 13 

undergoes either ring expansion or elimination depending upon 

substituent R4 and the stability of the products formed. For 15 

example, if R4 = CO2Et, it undergoes 1,2-type rearrangement of 

α-oxycarbocation to oxonium ion resulting in intramolecular ring 

expansion producing thermodynamically stable isocoumarin 

derivatives 5. If R4 = H or alkyl, it undergoes facile E2 

elimination resulting in the formation of kinetic products 6. Z-20 

selectivity can be explained by the anti-E2 elimination process of 

β-hydrogen and Ph3PO which is proven by NOESY NMR 

studies. The role of the TBHP is to reoxidize 1,2-

dicarbethoxyhydrazine back to DEAD.  

 25 

Scheme 4: Pathway for the formation of isocoumarin and 

alkylidenephthalide frameworks 

Conclusion 
In conclusion, we have developed a simple synthetic procedure 

for the preparation of 3-carbethoxy isocoumarins and 3-30 

alkylidenephthalides directly from 3-(1-hydroxycarbethoxy/alkyl) 

phthalides using DEAD/PPh3/TBHP as the reagent system. With 

this reagent system, intramolecular ring expansion or elimination 

takes place depending upon the substituents present on the 

phthalides (4a-t). This procedure is practical as the products were 35 

obtained in excellent yields showing broad substrate scope and 

good functional group tolerance. The methodology is amply 

demonstrated in the total synthesis of two bioactive molecules 

namely cytogenin (1) and (Z)-3-butylidene-7-hydroxy-5-methoxy 

phthalide (2).  40 

Experimental section 
General experimental procedure for the preperation of 3-

substituted isocoumarins (5a-j) and alkylidenephthalides (6k-

t): 

To a stirred solution of 3-(1-hydroxycarbethoxy/alkyl)phthalides 45 

derivatives (4a-t) (1 mmol) in THF (10 mL) was added diethyl 

azodicarboxylate (DEAD, 10 mol%), PPh3 (1.5 mmol) and tert-

butyl hydroperoxide (2 mmol) and the mixture allowed to stirred 

at 25 °C for 0.5 to 2 h. After the completion of reaction (as 

monitored by TLC), THF was distilled out to give the crude 50 

product. Chromatographic purification of the crude product 

[silica gel (230-400 mesh) and petrolium ether: ethyl acetate (7:3) 

as eluent] afforded 3-substituted isocoumarin derivatives (5a-j) or 

3-substituted alkylidene phthalides (6k-t) as the case may be. 

Ethyl 1-oxo-1H-isochromene-3-carboxylate (5a) 55 

Yield: 94%; gum; IR (CHCl3, cm-1): υmax 684, 751, 815, 1070, 

1237, 1482, 1509, 1626, 1718, 1737, 3068, 2919; 1H NMR (200 

MHz, CDCl3): δ 1.36 (t, J = 7.1 Hz, 3H), 4.35 (q, J = 7.1 Hz, 2H), 

7.41 (s, 1H), 7.54 (d, J = 7.9 Hz, 1H), 7.58 (t, J = 7.5 Hz, 1H), 

7.70 (t, J = 7.4 Hz, 1H), 8.26 (d, J = 8.0 Hz, 1H); 13C NMR (50 60 

MHz, CDCl3): δ 14.3, 62.2, 112.0, 122.9, 127.5, 130.1, 130.6, 

135.0, 135.1, 143.6, 160.2, 160.5; Anal. Calcd for C12H10O4: C, 

66.05; H, 4.62. Found: C, 66.10; H, 4.65 %. 
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