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Cyclization of malonate derivatives with iodine(III) reagents 

Florence Malmedy[a] and Thomas Wirth*[a] 

 

Abstract: The cyclization of malonate derivatives using hypervalent 

iodine(III) reagents is described. In this reaction, double bonds are 

dioxygenated and 5-membered lactones obtained with up to 70% 

yield and in diastereomeric ratios of up to 11:1. 

Hypervalent iodine reagents have become extremely versatile 

reagents in organic chemistry. The mild reaction conditions 

associated with the low toxicity and the environmentally friendly 

behavior of these compounds render them attractive to use in 

organic synthesis.[ 1 ] Hypervalent iodine reagents are very 

selective oxidants[2] and several derivatives have been reported 

as enantiomerically pure reagents.[ 3 ] Due to their electrophilic 

nature and their excellent leaving group ability, they can react with 

a broad range of nucleophiles in reactions such as the oxidation 

of sulfides to sulfoxides,[4] the dearomatization of phenols,[5] the 

α-arylation[6] and the α-oxygenation of carbonyl compounds[7] but 

also in the functionalization of carbon-carbon double bonds 

through dioxygenation[ 8 ], diamination[ 9 ], oxyamination,[ 10 ] 

iodoamination,[ 11 ] oxytrifluoromethylation[ 12 ] or 

aminofluorination.[ 13 ] The facile generation of cationic 

intermediates by hypervalent iodine reagents allows either the 

direct reaction with a nucleophile or the formation of rearranged 

products[ 14 ] with ring contraction,[ 15 ] ring expansion,[ 16 ] or aryl 

migration.[17] Finally, intensive efforts have been made towards 

the catalytic use of those hypervalent iodine reagents.[3b,18] 

Herein we report the intramolecular synthesis of lactones from 

malonate derivatives using hypervalent iodine reagents. Initially, 

investigations were carried out using substrate 1 which was easily 

synthesized from dimethyl malonate by two subsequent 

alkylations. The reaction was initially performed using only the 

iodine(III) reagent at –20 °C. Both PhI(OAc)2 and I(OAc)3 did not 

mediate any cyclization even after 3 days of reaction and the 

starting material was fully recovered (Table 1, Entries 1 and 2). It 

was suspected that the iodine reagent alone was not reactive 

enough and an activating Lewis acid was added. With the Lewis 

acid BF3•OEt2 the cyclized product 2a was isolated in 16% yield 

and with a 10:1 diastereomeric ratio (Table 1, Entry 3). The size 

of the lactone ring was unambiguously established from its crystal 

structure (Figure 1).[19] The crystal structure also revealed the 

relative stereochemistry of the major diastereomer, with the 

methyl ester and the CH2-acetate substituent being trans to each 

other. 

 
Table 1. Optimization of reaction conditions for lactonization. 

Entry Iodine reagent (Eq.) Additive (Eq.) Yield 

[%] 

d.r. 

(trans:cis) 

1 PhI(OAc)2 (1) - 0 - 

2 I(OAc)3 (1) - 0 - 

3 PhI(OAc)2 (1) BF3 • OEt2 (2) 2a: 16 10:1 

4[a] PhI(OAc)2 (1.2) BF3 • OEt2 (2) 2a: 15 10:1 

5[b] PhI(OAc)2 (1.2) BF3 • OEt2 (2) 2a: 48 

3: 45 

6:1 

6 PhI(OH)OTs (1.2) BF3 • OEt2 (2) 2b: 20 n.d.[c] 

7 PhI(OCOCF3)2 (1.5) BF3 • OEt2 (2) 0 - 

8 PhI(OAc)2 (1.2) BF3 • OEt2 (3) 2a: 

(83)[d] 

5:1 

9 PhI(OAc)2 (1.2) BF3 • OEt2 (2) 

AcOH (12.5) 

2a: 24 

3: 32 

8:1 

10 PhI(OAc)2 (1.2) BF3 • OEt2 (3) 

AcOH (12.5) 

2a: 58 

3: 6 

11:1 

11 PhI(OAc)2 (1.2) BF3 • OEt2 (2) 

H2O (0.01) 

2a: 39 5:1 

[a] Reaction time: 3 days. [b] Reaction performed at 0 ºC. A reaction performed at 

rt led to almost complete decomposition. [c] Not determined. [d] Conversion, yield 

not determined. 

 

 

Figure 1. Crystal structure of lactone 2a. 
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A slight excess of the iodine reagent did not make any 

difference and the diastereomeric ratio remained unchanged 

(Table 1, Entry 4). The yield was not improved by prolonging the 

reaction time to three days. Increasing the temperature to 0 °C 

improved the conversion to 100% and the cyclized product 2a was 

isolated in 48% yield. However, the formation of a major side 

product was observed. A competing oxidation of the triple bond 

occurred and the oxidized compound 3 was isolated in 45% yield 

in addition to 2 (Table 1, Entry 5). When the reaction was warmed 

up to room temperature, considerable decomposition was 

observed and products could no longer be isolated. 

Two other iodine reagents were also evaluated. Koser’s 

reagent [PhI(OH)OTs] gave the cyclized product 2b (R = OH) in 

only 20% yield. The selectivity could not be determined by 1H 

NMR as the peaks were overlapping (Table 1, Entry 6). Using 

[bis(trifluoroacetoxyiodo)]benzene together with BF3 • OEt2 led to 

complete decomposition (Table 1, Entry 7). 

Increasing the amount of BF3 • OEt2 to 3 equivalents led to a 

better conversion (83%), but the selectivity dropped to a 

diastereomeric ratio of 5:1 (Table 1, Entry 8). Additional acetic 

acid was added to the reaction mixture and the cyclized product 

was isolated in 58% yield with slightly improved diastereomeric 

ratio of 11:1 (Table 1, Entry 10). As the increased amount of Lewis 

acid was detrimental for the selectivity, the reaction was also 

performed with only two equivalents of BF3 • OEt2. The starting 

material was fully converted but surprisingly, more side product 3 

was formed as well as one other uncharacterized side product. 

Furthermore, the selectivity decreased to a ratio of 8:1 (Table 1, 

Entry 9). Finally, it has to be noted than in the presence of 1 mol% 

water the cyclization still proceeded but with a lower conversion. 

Only product 2b was isolated in 39% yield and with a 

diastereomeric ratio of 5:1 (Table 1, Entry 11). 

The influence of the solvent was also studied. When the 

reaction was performed in acetonitrile, no product was isolated 

due to complete degradation of the reaction mixture into 

uncharacterized products. The addition of acetic acid did not lead 

to a cleaner reaction. 2,2,2-Trifluorethanol (TFE) is known to 

coordinate to the iodine reagents and has, in several cases of 

iodine(III)-mediated reactions, led to increased selectivities.[ 20 ] 

However, when a mixture of dichloromethane and TFE (5:1) was 

used as the solvent, complete degradation of the starting material 

was observed. 

 
Table 2. Cyclization of ethyl 2-cyanoacetate derivative 4. 

Entry Iodine reagent 

(Eq.) 

Additive (Eq.) Yield [%] d.r. 

(trans:cis) 

1 PhI(OAc)2 (1.2) BF3 • OEt2 (2) 5a: 43 3:1 

2 PhI(OAc)2 (1.2) TMSOTf (2) 5c: 28 n.d.[c] 

3 PhI(OAc)2 (1.2) TMSOTf (2) 

TFE 

0 - 

4 PhIO (1) BF3 • OEt2 (2) 5b: 37 n.d.[c] 

5 PhI(OH)OTs (1.5) BF3 • OEt2 (2) 5b: 21 2:1 

6 PhI(OCOCF3)2 

(1.5) 

BF3 • OEt2 (2) 0 - 

[a] Reaction time: 3 days. [b] Reaction performed at 0 ºC. A reaction 

performed at rt led to almost complete decomposition. [c] Not determined. 

The cyclization reaction was also performed with ethyl 2-

cyanoacetate derivative 4, which was easily prepared from ethyl 

2-cyanoacetate. The expected cyclized product 5a with the 

acetoxy group addition was isolated in 43% yield but the 

diastereomeric ratio was only 3:1 (Table 2, Entry 1). Another 

Lewis acid (TMSOTf) was also used here. The cyclization 

occurred with lower yield (28%) while the triflate anion reacted as 

the nucleophile to give product 5c (Table 2, Entry 2). The addition 

of TFE resulted again in complete degradation of the starting 

material (Table 2, Entry 3). Changing the iodine(III) reagent did 

neither improve the yield of the cyclized product 5 nor the 

selectivity. Iodosylbenzene and Koser’s reagent both mediated 

the addition of a hydroxyl group onto the double bond in 37% and 

21% yield, respectively (Table 2, Entries 4 and 5). Finally, the use 

of [bis(trifluoroacetoxyiodo)]benzene resulted in complete 

degradation into unknown products (Table 2, Entry 6). 

After the detailed investigation of the two substrates 1 and 4, 

different homoallyl esters were cyclized under identical conditions. 

The results are summarized in Table 3. 

Table 3. Cyclization of homoallyl esters.[a] 

Entry Substrate Product Yield 

[%] 

d.r. 

(trans:cis) 

1 

 
 

61 1:1.3 

2[b] 

 
 

15 n.d.[c] 

3 

 

 

2a: 28 

2b: 13 

n.d.[c] 

n.d.[c] 

4 

 
 

58 1:4 
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[a] 1.5 eq. PhI(OAc)2, 2 eq. BF3 • OEt2, 12.5 eq. AcOH, –20 ºC, 20 h. [b] 2.5 eq. 

PhI(OAc)2, 4 eq. BF3 • OEt2, 25 eq. AcOH, –20 ºC, 20 h. [c] Not determined. 

The mono-allylated dimethyl malonate 6 gave compound 7 in 

61% yield and with a diastereomeric ratio of 1.3:1 (Table 3, Entry 

1). The cyclization also proceeded with the di-allylated substrate 

8. As two carbon-carbon double bonds and two esters are present 

in compound 8 the amounts of reagents were increased and the 

double cyclized spiro product 9 was isolated in 15% yield as the 

major product (Table 3, Entry 2). Even if the substrate contains 

one hydrolyzed ester group as in 10 there seems to be no 

apparent advantage for the cyclization. Two different cyclized 

products were formed during the reaction, one with the addition of 

a hydroxyl group onto the double bond (2b, 13%) and the other 

one with an acetoxy moiety (2a, 28% yield) (Table 3, Entry 3). 

Di-tert-butyl malonate derivatives can be used similarly well. 

Substrate 11 gave the desired cyclized product 12 in reasonable 

yield (58%) and with moderate selectivity (d.r. = 4:1) (Table 3, 

Entry 4). The mono-allylated di-tert-butyl malonate 13 led to the 

cyclized product 14 in good yield (70%) but with only moderate 

selectivity of 4:1 (Table 3, Entry 5). The stereochemistry of the 

major isomer (cis) was determined by a NOESY experiment (see 

supporting information). 

The substitution of (diacetoxyiodo)benzene with a chiral 

derivative[21] did not lead to any cyclization product, probably due 

to reduced reactivity of the chiral reagent. 
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In conclusion, several malonate derivatives were successfully 

cyclized to highly functionalized lactones with moderate to good 

diastereoselectivities. 

Experimental Section 

PhI(OAc)2 (108 mg, 0.340 mmol) was dissolved in dry dichloromethane (2 

mL) under argon and the reaction was cooled down to –20 °C. BF3 • OEt2 

(70 µL, 0.56 mmol) and AcOH (200 µL, 3.5 mmol) was then added and the 

resulting mixture was stirred for 5 min. A solution of starting material 

(0.28 mmol) in dry dichloromethane (2 mL) was then added and the 

resulting mixture was stirred for 19 h at –20 °C. The reaction was 

quenched with sat. aq. solution of sodium bicarbonate (0.5 mL) and the 

organic phase was extracted with dichloromethane (3 x 5 mL). The 

combined organic layers were dried through a Telos® phase separator and 

concentrated under vacuum. The pure product was obtained after 

purification by column chromatography (0 to 30% EtOAc in hexane). 
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