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Abstract
A facile and efficient method has been developed for synthesis of 

β-iodocarboxylates in the presences of Ph3P/I2. Starting from epoxides, a series of 

β-iodocarboxylate compounds can be directly obtained in toluene media with 

excellent yields. Moreover, the method was successfully applied for the late-stage 

modification of natural products, such as isosteviol and vincamine derivatives, 

achieving the corresponding β-iodocarboxylates in good yields.
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Introduction

Epoxides are a class of compounds of growing importance, which have extensive 

application in many fields, such as medicine [1], pesticides [2], food [3], dyestuff [4] 

and plastic [3b, 5]. They are used as versatile building blocks in organic synthesis due 

to their advantages of easy preparation, scale-up feasibility and tolerance to a broad 

range of conditions[6]. Thus, a wide spectrum of reactions using epoxides have been 

well-established, such as ring opening reaction [7], cycloaddition reaction [8], 

polymerzation reaction [9], oxidation reaction and reduction reaction [10]. 

The synthetic significance of epoxides stems largely from their facile and 

stereospecific nucleophilic ring opening to furnish valuable 1, 2-difunctional 

compounds (Scheme 1) [11]. These versatile synthetic building blocks include but are 

not limited to 1,2-diols [12], β-amino alcohols [7b, 11c, 13], β-alkoxy alcohols [12, 

14], β-acetoxy alcohols [12, 14f, 15], β-halohydrins [16] and halohydrin esters [17]. 

Although numerous synthesis of chlorocarboxylates [18] and bromocarboxylate 

[17] esters have been reported by the nucleophilic ring opening of epoxdides, little 

work was focused on the selective ring opening to afford corresponding 

β-iodocarboxylates. The only example directly from epoxides, as far as we know, is 

the preparation of acyliodine, a dangerous and inconvenient reagent with low yield 

[19]. Considering the great importance of β-iodocarboxylates for the synthesis of 



lipids [20] and biologically active compounds [21], a prompt method to this building 

block is extremely needed. Inspired by previous work [17,18b], we herein report an 

immediate epoxide ring opening reaction promoted by Ph3P/I2 with good yields and 

high selectivity.
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Triphenylphosphine (Ph3P) has been used as a versatile reagent in a number of 

functional group transformations due to its inexpensiveness, affordability, and 

reactivity. Considering the special properties of Ph3P-I2 intermediate, we assumed that 

phosphorous atom may have an important influence on this ring opening reaction. To 

validate the feasibility of this hypothesis, we have initially investigated the ring 

opening reaction by using compound 1 and iodine as the substrate, Ph3P as ligand, 

formic acid as carbon resource. After stirring for 15 min at 80 °C in CHCl3, the 

expected product 1a was obtained in 78% yield (Table 1, entry 1). This result clearly 

indicated that the synthetic route of iodo-formate was reasonable and feasible. In an 

attempt to improve the yield of 1a, the model reaction was carried out under various 

conditions (Table 1).

Preliminary experiments suggested that solvent effect had a significant impact on 

the yield of 1a. Hence, various solvents were applied to the ring opening reaction. 

According to the results, toluene gave the best isolated yield at 82% (Table 1, entries 

1-9). Further adjustment of temperature exhibited dramatic drop in the yields with 

decrease of heat (Table 1, entries 3, 9-11). After the investigation of the other factors, 

including the amount of Ph3P, iodine and formic acid (see ESI), the optimal 

Scheme 1. Common strategies for the synthesis of difunctional products from epoxides.



conditions were finally established as heating the epoxide with slightly extra amount 

of Ph3P, I2, and formic acid (105 mol%) in toluene for 15 min.

Table 1. Optimization of the reaction conditionsa

O
O

O

IO
O

Cl

Ph3P (1.2 equiv.)
I2 (1.2 equiv.)

Cl

1b 1a

HO H

O
+ Solvent

Temperature
15min

Formic acid

Entry Solvent Temp (°C) Yield[c] (%)

1 CHCl3 80 78
2 THF 80 ND[d]

3 Toluene 80 98(82)
4 1,4-dioxane 80 91
5 Acetone 80 34
6 CH3CN 80 93
7 DMF 80 87
8 DCM 80 95
9 Tol 60 94
10 Tol 40 71
11 Tol 20 52

[a] Reaction conditions: Epoxides 1 (1 mmol), Ph3P (1.2 mmol), I2 (1.2 mmol), formic acid (4 mmol), 

toluene (2 mL), all reactions were carried out with solvent (2 mL) in a 35 mL sealed tube (total volume 

50 mL) for 15 min. [b] Substituted epoxide 1 were made by epichlorohydrin (meso), K2CO3 and 

4-chlorophenol. [c] Yields were determined by LC-MS, the number in parentheses refers to the yield of 

isolated 1a. [d] Not detected.

Table 2. Reactions of substituted epoxides with formic acid. 
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R
R
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R
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O

K2CO3
Acetone
Reflux

overnight

Standard conditions[a]

Epoxides
1-13

Entry Epoxides[b](R) Products Yield[c](%)

1 1(4-Cl) 1a 82
2 2(4-H) 2a 81
3 3(4-NO2) 3a 85
4 4(4-OMe) 4a 80
5 5(4-tBu) 5a 80
6 6(2-Cl) 6a 86
7 7(2-Me) 7a 85
8 8(3,4-OMe) 8a 80
9 9(3-OMe) 9a 78
10 10(2-iPr) 10a 81
11 11(4-Ph) 11a 82

12 12 12a 75
O

O



13 13 13a 77

[a] Standard conditions: Epoxides (1 mmol), Ph3P (1.05 mmol), I2 (1.05 mmol), formic acid (1.05 mmol), 

toluene (2 mL), 80 °C, 15min. [b] Substituted epoxides in this table were made by epichlorohydrin 

(meso), K2CO3 and the corresponding phenol. [c] Isolated yields.

We next studied the scope of this ring opening reaction by using a series of 

differently substituted epoxides under the selected conditions [22]. As shown in Table 

2, ortho, meta and para substituted aromatics were chosen to further explore the steric 

hindrance and electronic effects. The desired products 1a-10a were obtained in good 

yields ranging from 78% to 86%, which indicated that these factors have low 

influence on the reaction. Naphthol and biphenyl derivatives were further used to 

extend the scope of the reaction, with yields of 75% - 82% (Table 2, entries 11-13).

Table 3. Reactions of different carbonxylic acids with 1.
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1a (86%) 1b (82%) 1c (75%)

1d (73%) 1e (74%) 1f (75%)

1g (74%) 1hb (80%) 1ib (78%)

1jb (83%) 1kb (72%)

[a] Reaction conditions: Epoxides 1 (1 mmol), Ph3P (1.05 mmol), I2 (1.05 mmol), corresponding acid 

(1.05 mmol), toluene (2 mL) in sealed tube, 80 °C, 15min. [b] The reaction proceeded for 40min. [c] 

Isolated yields.
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To further broaden the scope of the reaction, serials of carboxylic acids were also 

examined as the resource of acyl groups. Both aromatic and aliphatic acids proceeded 

smoothly to give the corresponding products in good to excellent yields (72% - 86%, 

Table 3). Even, to our delight, the steric pivalic acid and 1-adamantanecarboxylic acid 

also produced the β-iodocarboxylates 1g and 1k with 74% and 72% yields, 

respectively.  Since the concept of late-stage diversification, especially on natural 

products, by predictable and efficient transformations is absolutely crucial for 

fine-tuning the biological activity [23], we therefore examined the robustness of this 

transformation on certain natural products. With extended reaction time, the epoxide 

ring opening reaction was successfully implemented on isosteviol and vincamine 

though with moderate yields (Scheme 2). The tolerance to several sensitive functional 

groups has indicated its potential application in the late-stage diversification of natural 

products and medicinal substrates and some drug molecules that containing 

carboxylic acid can be also applied in this reaction for prodrug modification. 

Scheme 2. Reactions of 1 with natural products.
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To reveal the stereoselectivity and mechanism of this ring opening reaction, two 

parallel reactions were carried out under the optimal conditions (Scheme 3).



Scheme 3. Reaction substrate expansion and mechanism speculation.
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To be specific, 14a, prepared from cyclohexene oxide (14), was determined as trans 

formation according to the coupling constant (J) between Ha and Hb and the yield of 

this reaction is 52%. On the other hand, 15a, prepared from (R)-2-phenyloxirane 

(65% yield), was reduced by LAH to resolve (S)-1-phenylethanol (16), the absolute 

configuration of which was confirmed by optical rotational activity spectrum 

according to the comparison with authentic substrates in database [24]. What’s more, 

we used compound 17 as the epoxide to get the desired product 17a with 62% yield. 

These results indicated the chiral center of alcohol that attached to the acyl group 

maintained and the iodine nucleophilic attack happened on the other side of epoxides. 

Based on these observations, a plausible mechanism for the formation of 

β-iodoformate is proposed in Scheme 3. An initial reaction between Ph3P and iodine 

provides triphenylphosphonium iodide as reactive species. Nucleophilic displacement 

of these intermediates by the formic acid could afford b. Withdrawal of hydroiodic 



acid leads to the generation of intermediate c, which next forms complex pair d 

between the electron-deficient phorsphorus atom and the electron-rich oxygen atom. 

The facial attack by iodine anion followed by trans-esterification finally delivers 

β-iodocarboxylate (g) and triphenylphosphine oxide.

Conclusions

In conclusion, we have developed a straightforward and efficient procedure for the 

synthesis of β-iodocarboxylates from the corresponding epoxides and acids via a ring 

opening process with good to excellent yields. The procedures were successfully 

applied in natural products isosteviol and vincamine diversificaiton to obtain 

corresponding products. The mild conditions, short reaction time, and generality of 

substrates would distinguish current transformation from the known synthesis of 

halohydrin esters.
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 We developed a facile and efficient method for the synthesis of β-iodocarboxylates.
 The reaction was proceeded in the presence of Ph3P and I2.
 -iodocarboxylate compounds are directly obtained with excellent yields.
 This method was applied successfully for the late-stage modification of natural products.




