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Abstract 

Diethylaminosulfur trifluoride (DAST) is a very powerful reagent that allows the conversion of 

various alcohols to fluorine-containing products which can possess interesting biological 

activities. The fluorination process can occur in unison with a ring-expansion and/or ring-

contraction. 
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1. Introduction 

 

The introduction of a fluorine atom into organic molecules modifies their physical, chemical and 

biological properties.1 Selective fluorinations of organic compounds,2 can be performed using a 

variety of reagents and methods which have been developed. Among the fluorinating reagents 

that have emerged, N,N-diethylaminosulfur trifluoride (DAST),3 (CH3CH2)2NSF3 is probably one 

of the most popular and useful reagents to convert simple alcohols into the corresponding 

fluorinated products.4 In general, the fluorination of optically active alcohols using DAST 

proceeds with inversion of configuration (SN2 mechanism). Furthermore, when an electron-rich 

substituent (such as methoxy,5 amine,6 thioester,7 epoxide,8 azide,9 double bond,10 aromatic 

ring,11 ester,12 amide13) is vicinal to the hydroxyl group, rearrangements can proceed through 

anchimeric assistance of the electron-rich group. These rearrangements can be explained in terms 

of neighboring group participation and are the result of the formation of a very good leaving 

group coming from the reaction of an alcohol moiety with DAST. Herein, we will focus only on 

ring expansion and contraction induced by DAST (Scheme 1). 

 

2. Ring Expansion 

 

In considering the poor nucleophilicity of the fluoride anion, the ring expansion is under kinetic 

control. Ring expansion has been observed, via a carbocation intermediate, in carbocyclic 

systems when an homoallylic alcohol is present in the substrate. It has also been observed in     

α-epoxy-alcohols and in β-amino alcohols due to neighboring heteroatom participation. This ring 

expansion can be the result of the cleavage of a C–C or a C–heteroatom bond.  

 

2.1. Carbocation induced rearrangements: Cyclic homoallylic alcohols 

DAST can induce carbocation formation from homoallylic alcohols, which then can undergo 

ring expansion. These reactions are observed when substituted strained rings substituted by 

homoallylic alcohols are treated with DAST. Thus, fluoro-cyclobutane 2 (87%), the ring 

expansion product was the only observed product when hydroxymethyl methylenecyclopropane 

1 was treated with DAST in a solution of pyridine in CH2Cl2 at temperatures between –78 °C 

and room temperature.14 The reaction, induced by DAST, is initiated by the transformation of 1 

to intermediate 3. Then, a non-classical cyclopropylmethyl carbocation 4, which exists in 

equilibrium with the cyclobutonium ion 5, reacts with the fluorine anion to give 2 (Scheme 2). 

Ring expansions of carbocyclic compounds have also been observed in steroids.15,16 When 

choles-5-en-3β-19-diol-3-acetate 6 was treated with DAST, three compounds 7–9 were formed, 

among which is compound 7, the result of ring expansion (Scheme 3, Eq. 1). Furthermore, 

6-β-hydroxymethyl-19-norcholest-5-(10)-en-3β-ol-3-acetate 10 was also transformed into the 

same three compounds 7, 8 and 9 when treated with DAST (Scheme 3, Eq. 2).  
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Scheme 1. General scheme for ring expansion and ring contraction by DAST 
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Scheme 3 

 

It is worth noting that the yield of 7 was slightly improved when starting from 10 rather than 

from 6 (23% versus 10%).15 It is considered that a homoallylic cation such as 11 is formed as the 

intermediate. The formation of 7 can be explained by a low energy pathway involving the 

nucleophilic attack of the fluoride anion on the C6 position of intermediate 11 (Scheme 3). 
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In the cholest-4-en-3-one series, the yields in the ring-expanded products were quite similar 

to the yields in the cholesterol series as compounds 15 and 16 were obtained from 12 and 13 in 

26% and 16% yield, respectively (Scheme 4). However, ring-expansion product 17 was isolated 

in a 60% yield, resulting from the treatment of 14 with DAST.16 It is speculated that these 

compounds are probably proceeding via intermediate 18 and subsequent attack by the fluoride 

anion (Scheme 4). 
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2.2. Neighboring heteroatom participation 

Cyclic epoxy-alcohols as well as cyclic -amino-alcohols can be expanded when treated with 

DAST. This ring expansion takes place via an aziridinium or oxonium intermediate which can be 

formed, due to the presence of the epoxide or the amino group vicinal to the hydroxy group.  

 

2.2.1 Oxygen participation: Epoxy-alcohols. Epoxides are highly versatile and reactive 

intermediates, due their easy access and their ring opening reaction which proceeds via cleavage 

of the C–O bond. The cleavage of the C–C bond of the epoxide is rare nevertheless observed 

when bicyclic epoxy-alcohols are treated with DAST, affording the ring-expansion product 

(Scheme 5).  

 

OHO

( )n
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Scheme 5. 

 

During the ring enlargement process of epoxy-alcohols, the relative stereochemistry of the 

epoxide and hydroxyl group is of importance and effect the outcome of the reaction. The 

formation of the ring-expanded product involves a delicate balance between steric and electronic 

factors (Tables 1 and 2). When treated with DAST, the bicyclic cis-epoxy-alcohol 19a was 

transformed to the fluorinated heterocyclic compound 20, which corresponds to the ring-

expanded product, and also to the fluoro-epoxide 24 as a mixture of cis- and trans- products. 

These two compounds, which could not be separated, were isolated in 58% yield in a ratio of 

63/37 in favour of the ring-expanded product 20. Interestingly, the trans-epoxy-alcohol 19b 

showed reverse selectivity as the ratio 20/25 was in favour of the fluoro-epoxide 25 (31/69). The 

methyl substituted cis- and trans-derivatives 19c and 19d gave high ratio of the ring-expanded 

products (oxepanes) versus fluoro-epoxides (> 80%). In this later case, the stereochemical 

relationship between the functionalities was only of minor influence. On the contrary, the 

electronic nature of the substituents of the carbinol has a dramatic effect on the ring expansion as 

19e, possessing a methyl group, was transformed to the fluoro-epoxide 28 whereas 19f, 

possessing a trifluoromethyl group, was transformed to the ring-expanded product 23 in 70% 

yield (Table 1). 
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Table 1. Ring expansion of 6-membered rings 
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Similar results to those of the cyclohexane series were also observed for the cycloheptane 

series (Table 2). Cis-epoxy-alcohol 19g gave a 70/30 mixture of fluoro-oxocene 29 and fluoro-

epoxide 34, while the trans-epoxy-alcohol 19h showed a reverse selectivity as the ratio 30/35 is 

30/70. Whereas for the cyclo-octane series, the reactivity of the cis-epoxy-alcohol 19i is distinct, 

yielding only the ring-expansion product 31. The cyclododecene alcohols appeared to be 

attractive substrates in terms of ring-expansion. The cis-epoxides 19j and 19k yielded only the 
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ring-expansion products, also only the Z-enol ether was formed when the hydroxyl group and the 

epoxide were cis (compound 19j → 32), however the reverse is true for the formation of the E-

enol ether which was produced when the hydroxy group and the epoxide were trans (compound 

19k → 33). The trans-epoxides 19l and 19m were transformed to the ring-expansion products 

with similar stereospecificity, yielding 32 and 33 respectively. However in both cases, the 

formation of fluoro-epoxides became predominant (Table 2).8b 

 

Table 2. Ring expansion of 7-, 8-, and 12-membered rings 
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Table 2. (continued) 

Substrate Product C Product D Yield 

(%) 

Ratio 

C/D 
O

HO
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O

OH

19l  

O

F

32  

O

F

36 (cis/trans:73/27)  

 

 

78 

 

 

10/90 

O

OH

19m  

O

F

33  

O

F

37 (cis/trans:11/89)  

 

 

82 

 

 

26/74 

 

As the electronic nature of the substituents present on cycloalkene alcohols has an important 

influence over the ratio between ring-expanded product and fluoro-epoxides, one can speculate 

that this results from the formation of both an oxonium ion G leading to the  

ring-expansion product (presence of a methyl group on the epoxide ring as well as a CF3 on the 

carbinol) and an oxiranyl cation H leading to the fluorinated epoxides (presence of a methyl 

group on the vicinal carbinol) (Scheme 6).8b We have to point out that for the cis- and trans-

epoxides of large ring systems such as 19j–19m, the ratio between the ring-expansion products 

and the fluoro-epoxides is related to steric interactions between substituents on the carbocation 

center and those substituents vicinal to the epoxy carbon. 

Ring enlargement by cleavage of C–O bonds has also been observed. When the bis-

(spirodienol) calixarene 37 was treated with DAST, fluorinated calixarenes 38 and 39 were 

formed in 8% and 29% respectively, probably via intermediates 41 and 44 respectively (Scheme 

7).17 
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2.2.2 Nitrogen participation: -amino alcohols 

 

DAST is also able to induce ring enlargement of cyclic β-amino alcohols. Compounds of type I 

can be converted to the fluoro-amines L when treated with DAST, however synthesis of non-

rearranged product M are also possible. The ring expansion of cyclic β-amino alcohols is 

supposed to proceed via an aziridinium intermediate K, resulting from an intramolecular 

nucleophilic substitution by the nitrogen atom displacing the leaving group evident in J. The 

product ratio L/M, depends mainly on the ring size of the cyclic β-amino alcohols, the steric 

hindrance of the N- and C2’-substituents (R and R3, R4 respectively) (Scheme 8). 
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Scheme 8 

 

The behavior of substituted azetidinols, prolinols, azepidinols, when treated with DAST, has 

also been studied.18,19 Optically active azetidinols bearing a primary, secondary or tertiary 

alcohol and possessing different substituents on the azetidine ring were treated with DAST 

(Table 3). All primary and secondary alcohols 45–53 were rearranged into the corresponding 

fluoro-pyrrolidines 57–65, regardless of the substituent present on the nitrogen atom. In each 

case, the 3-fluoro-pyrrolidines were isolated in fair to good yields and only one diastereoisomer 

was produced. However, the ring-expansion products were not detected when the azetidines 

possessed a tertiary alcohol at C2' as in compounds 54–56. Only the fluorinated azetidines 66 

and 67 were isolated in modest yields, together with significant amounts of the corresponding 

elimination product 66' or 67' (Table 3).  

The rearrangement leading to fluoro-pyrrolidines 57–65 is stereospecific and involves a 

bicyclic 1-azoniabicyclo[2.1.0]pentane intermediate which is regioselectively opened by a 

fluoride anion. In the case of the azetidines with tertiary alcohols 54–56, the absence of ring-

expansion products can be attributed to the formation of an intermediate carbonium ion, which 
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occurs faster than the nucleophilic displacement leading to the bicyclic ammonium ion (Table 

3).18 

 

Table 3. Ring expansion of 2-hydroxyalkylazetidines 
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Table 3. (continued) 

Substrate Product(s) Yield (%) 
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– 

 

Rearrangement of optically active prolinols 68a–d by treatment with DAST affords optically 

active piperidines of type N (Table 4). In contrast to the azetidine series, this group of 

compounds displays less regioselectivity in the nucleophilic attack of the fluoride anion, this can 

be explained by a less strained bicyclic 1-azoniabicyclo[3.1.0]hexane intermediate leading to 

fluoro-piperidines as well as to fluoro-pyrrolidines. The regioselectivity of the nucleophilic 

attack of the fluoride anion depends on the substitution pattern at C2 and C4 of the starting  

2-hydroxymethylpyrrolidines as well as on the N-alkyl substituents (Tables 4–6). 

Increasing the bulkiness of the substituent at C4 improved the selectivity in favor of the ring-

expansion product, as demonstrated by prolinol 68c, which possesses tert-butyldiphenylsilyl 

ether at C4, and was transformed to piperidine 71 and pyrrolidine 75 in a ratio of 91/9 

respectively. Whereas the corresponding methoxy ether 68a was transformed to the ring-
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expansion product 69 and fluoro-pyrrolidine 73 in a ratio of 55/45 (Table 4).19 It is worth noting 

that prolinol 68d, possessing an acetamide at C4, gave only the ring-expansion product 72.6c 

 

Table 4. Ring expansion of N-benzyl-2-hydroxypyrrolidines 
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Sterically hindered N-alkyl substituted pyrrolidines such as N-tritylprolinol 76d are of great 

interest as they are transformed exclusively to fluoro-piperidine 80 (64%). On the contrary, a 

mixture of fluorinated five- and six-membered rings were obtained when a N-benzyl, N-t-

butylmethyl or N-diphenylmethyl substituted derivatives 76a–c were subjected to the same 

reaction conditions (ratio 6-/5-membered ring = 56/44 to 76/24) (Table 5).19 
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Table 5. Ring expansion of N-alkyl-2-hydroxymethylpyrrolidines 
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It is worth noting that when N-alkyl-2-alkylprolinols were treated with DAST, the ring 

expansion was very selective as only N-alkyl 3-fluoro-3-alkylpiperidines were observed. The 

optically active N-tert-butylmethyl-2-alkylprolinols 84a–c were converted to 3-fluoro-

piperidines 85–87 respectively in good yields (76–87%) with retention of their stereochemistry. 

The N-benzyl 3-fluoro-piperidines 88 and N-methyl 3-fluoro-piperidines 89 were respectively 

obtained from 84d (30%) and 84e (72%) (Table 6).19 Noteworthy is the fact that all 3-fluoro-

piperidines were obtained with excellent enantiomeric excesses. 
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Table 6. Ring expansion of N-alkyl-2-alkyl-2-hydroxymethylpyrrolidines 

 

N

R

OH
DAST

THF
0 °C, 1h

then rt, 1h

N

R

R2

84ae R

R1

R2 R1

F

 
 

Substrate Product Yield (%) 

N

CH2t-Bu

OH

84a

Et

 

N

CH2t-Bu

Et

85

F

 

 

 

76 

N

CH2t-Bu

OH

84b  

N

CH2t-Bu

86

F

 

 

 

89 

N

CH2t-Bu

OH

84c

Bn

 

N

CH2t-Bu

Bn

87

F

 

 

 

87 

N

Bn

OH

84d

Bn

 

N

Bn

Bn

88

F

 

 

 

30 

N

Me

OH

84e

TBDPSO

Et

 

N

Me

Et

89

TBDPSO

F

 

 

 

72 

 

The selective attack of the fluoride anion at C2 (intermediate S), when substituted prolinols 

possess a C2 substituent, a bulky N-alkyl substituent or a bulky substituent of C4, can be 

explained by an increase of the length of the C2–N bond in the aziridinium intermediate S. As a 

result, the cleavage of the C2–N bond, occurs by nucleophilic attack of the fluoride anion on the 

more electrophilic carbon (Scheme 9). 
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N

R

OH
DAST

N

R

R2R1

R2 R1

F
N

R

R1

R2

F1

2

S  
Scheme 9. Selectivity of the ring expansion. 

 

These conditions of ring expansion were also implemented for the synthesis of 3-fluoro-

azepanes from 2-hydroxymethylpiperidines (Table 7). When N-benzyl-2-hydroxy-

methylpiperidine 90a was treated with DAST, a mixture of 3-fluoroazepane 91 and 2-fluoro-

methylpiperidine 95 was obtained in a ratio of 70/30 (total 63%). Similarly, to the prolinol series 

when a substituent is present at C2, a highly selective attack of the fluoride anion is observed as 

shown for 90b-d which were transformed exclusively to their corresponding 3-fluoro-azepanes 

92–94 (Table 7).19b 

 

Table 7. Ring expansion of N-benzyl-2-hydroxymethylpiperidines 

N

Bn

OH
R2

90ad

DAST

THF
0 °C, 1h

then rt, 1h

N N

Bn

F
R2

U

Bn

R2

F
+

T  

Substrate Product T Product U Yield 

(%) 

Ratio 

T/U 

N

Bn

OH

90a  

N

Bn

F

91  

N

Bn

F

95  

 

51 (91) 

and 

12 (95) 

 

 

70/30 

N

Bn

OH
Et

90b  

N

Bn

Et

F

92  

 

 

– 

 

 

63 

 

 

100/0 

N

Bn

OH

90c  

N

Bn

F

93  

 

 

– 

 

 

76 

 

 

100/0 

N

Bn

OH
Bn

90d  

N

Bn

Bn

F

94  

 

 

– 

 

 

76 

 

 

100/0 
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In summary, in the azetidine series, treatment with DAST results exclusively in ring 

expansion. On the contrary, in the pyrrolidine and piperidine series, a bulky N-alkyl substituent 

as well as the presence of an alkyl substituent at the C2 position are necessary for obtaining ring 

expansion exclusively. 

 

3. Ring Contraction 

 

3.1. Carbocation induced rearrangements 

As DAST induces a strong carbocation character on the carbon bearing an hydroxy group, a 

number of cases are described whereby the fluorination only occurs after rearrangement of the 

carbon skeleton. When treated with DAST, tertiary cyclobutanols 96a–b, can be transformed to 

their corresponding fluoro-cyclobutanes V, or undergo ring contraction to afford 

(fluoromethyl)cyclopropane W and/or homoallylic fluorides X, depending on the substituents 

(Table 8).20 It is interesting to note that ring contraction mainly occurs when the formation of 

carbocation is disfavored when substituted by an electron-withdrawing group (compounds    

96c–e). 

Another example of DAST-induced rearrangement, without subsequent fluorination, has 

been reported in the synthesis of the 4-azatricyclo[2.2.1.02,6]heptane 105 from bicyclic system 

104.21 In this case, DAST generates a carbocation which after rearrangement led to 105. It worth 

noting that the yield in 105 from the exo-hydroxy compound 104a is 76%, while the compound 

104b with the endo-hydroxy group leads to 105 in only 40% yield (Scheme 10). These 

observations are fully in agreement with the SbF5
.SO2

 
initiated conversion of norborneol into 

nortricyclene via a carbocation intermediate.22 

 

DAST

CH2Cl2,78°CN

OH

CO2Me N

CO2Me

104a 105

N

CO2Me

OH

104b

DAST

CH2Cl2,78°C

76% 40%
 

 

Scheme 10. Formation of 4-azatricyclo[2.2.1.02,6]heptane 
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Table 8. Ring contraction of cyclobutanols 

 

OH

R

F

R

R

F R

DAST

CH2Cl2, rt
+ +

F

96ab V W X

R'

R'

R'

 
 

Substrate Product V Product W Product X Yield 

(%) 
OH

(CH2)8CH3

96a  

F

(CH2)8CH3

97  

 

– 

 

– 

 

72 

OH

Ph

96b  

F

Ph

98  

 

– 

 

– 

 

91 

OH

CN

96c  

 

– 

CN

99

F

 

F CN

100  

 

82 

(99/100 = 8/1) 
OH

CO2Me

96d  

 

– 

CO2Me

101

F

 

 

– 

82 

OH

CN

96e

Ph Ph

 

 

– 

CN

102

F
Ph

Ph

 

 

– 

82 

OH

CN

96f

Ph

Ph

 103

F

CN

Ph

Ph

 

 

– CN

104

F

Ph

Ph

 

17 (103) 

 and  

67 (104) 

 

Very interesting DAST-induced rearrangements, leading to fluorinated biologically active 

natural products, were reported. Triptolide 106, when reacted with DAST, led to a mixture of 

compounds, e.g. the desired fluoro derivatives 107a,b and two derivatives produced by a ring 

contraction, via intermediate 110, followed by a nucleophilic attack of either the fluoride anion, 

affording 109, or by water to give 108.23 Yields are good, and the ratios of 108/109 are 

depending on the reaction conditions (Scheme 11). 
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O

O

O

O
H

OH

O

O

O

O

O
H

F

O

O

O

O

O
H

F

O

O

O

O
H

O

O

OH

O

O

O
H

O

O
F

H

H

DAST

CH2Cl2, 

O °C to rt

O

O

O
H

O

O

H

H

+

106

109108

107b107a

110

+

+ +

DAST

H2O

F

9698 %

 
 

Scheme 11. DAST-induced rearrangement of triptolide 106  

 

A semi-synthetic erythromycin analog with agonist action on the motilin receptor, compound 

111, when treated with DAST was transformed to a novel 13-membered erythromycin analog 

112 (Scheme 12).24 As a mechanistic explanation, the neighboring group participation of the 

double bond of the dihydrofuran ring system, produces a non-classical homoallylic carbocation, 

as shown in intermediate 113. The stereospecificity of the reaction leads the authors to propose 

an intramolecular delivery of fluorine atom at C10 and then, after anchimeric assistance of the 

double bond of the dihydrofuran, a ring contraction takes place to afford 112 (Scheme 12). 
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O

O O O

O O

HO

N

OCH3

AcO

O

DAST

CH2Cl2

O

O O O

O O

N

OCH3

AcO

O

F

O
OSN

F

F

Et

Et

113

112111

H

H

 
 

Scheme 12. DAST-induced ring contraction of an erythromycin analog. 

 

Treatment of the anti-cancer agent, taxol 114, with DAST to obtain fluoro analogs at C7 has 

produced a number of very interesting rearrangements (Scheme 13).25 Under mild conditions, 

only the C7 hydroxy group seems to react, leading to a cyclopropane derivative 116, upon a 

postulated anchimeric participation of the angular methyl substituent. This substituent is 

perfectly antiperiplanar to the leaving group formed after the activation of the hydroxy group by 

DAST. Under longer, or more drastic conditions, the A-ring contraction seems to occur similar 

to the one described for taxol in refluxing acetyl chloride (Scheme 13).26 A reaction mechanism 

based on a neighboring group participation from the double bond, similar to the one reported in 

Scheme 12 was proposed. It should be noted that this latter ring contraction has to be avoided, as 

the A-ring contracted products are devoid of biological activity. 
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115 (54%)

114

OBz
HO

RO

O
AcO

OHOAcO

Ph

O

OCO2Bn

NHBz

R =

DAST  
(2 equiv)

DAST 
(4 equiv)

OBz
HO

RO

O
AcO

FOAcO

OBz
HO

RO

O
AcO

OAcO

117 (57%)

OBz

RO

O
AcO

FOAcO

118 (38%)

OBz

RO

O
AcO

OAcO

116 (32%)

CH2Cl2

CH2Cl2

+

+

 
 

Scheme 13. Reaction of taxol with DAST. 

 

3.2. Neighboring heteroatom participation 

DAST is capable of inducing ring contractions, via a process similar to the one described in the 

ring expansion section, e.g. via an aziridinium, episulfonium or epoxonium intermediate. The 

opening of these strained species may produce either the desired transformation of the alcohol to 

the corresponding fluoro derivative possessing a configuration determined by the onium 

intermediate (pathway 1) or a ring-contracted product (pathway 2) (Scheme 14). 

 

( )
X

OH

( )
X

F

1 2

( )
X

F

( )
X

F

pathway 1

pathway 2

DAST

X = N,O,S

 
 

Scheme 14. Neighbouring heteroatom participation in the DAST –induced ring contraction and 

expansion. 
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3.2.1. Nitrogen participation 

In the search for novel HIV inhibitors, a stereoselective rearrangement of hexahydro-1,3-

diazepin-2-ones was developed.27 When derivatives 119a,b were treated with DAST, the desired 

and expected fluoro compound was not obtained. The only product observed was identified as 

tetrahydropyrimidin-2-one derivative 120a,b (Scheme 15). The formation of this ring-contracted 

derivative can be simply explained by the formation of aziridinium intermediate Y, similar to the 

one described in Section 2.2.2. When more drastic conditions were used, the reaction proceeded 

further, using the same type of mechanism described previously, to afford the imidazolidin-2-

ones 121a,b. It is interesting to note that the N,N’-unsubstituted derivative 122, when treated 

with DAST, did not provide the fluoro derivative but the aziridine 123. This latter proved to be 

acid sensitive, affording the bromo derivative 124 upon treatment with hydrogen bromide gas 

(Scheme 15). 

 

DAST (1 equiv)N N

O

RR

HO OH

PhPh

119a: R = cyclopropyl

119b: R = 2-naphthyl

CH2Cl2

120a: R = cyclopropyl

120b: R =  2-naphthyl

N N

O

RR

OH

Ph

F

Ph

DAST

CH2Cl2

121a: R = cyclopropyl

121b: R =  2-naphthyl

N N

O

RR

F

Ph

F

Ph

DAST (excess)

CH2Cl2

N N

O

RR

OR1

Ph

F
Y

H

Ph

DASTN N

O

HH

AcO OH

PhPh

122

CH2Cl2

123

N N
H

O

AcO

Ph

HBr (gas)

dioxane

H

Ph

124

N N
H

O

AcO

Ph

H

Ph

Br

 
 

Scheme 15. Ring contraction via aziridinium species 

 

Another nice example of nitrogen participation in ring-contraction induced by DAST, is the 

conversion of the hydroxy indolizine 125, which provided the rearranged derivative 126 
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accompanied with the fluoro derivative 127, in an approximately 1/2.5 ratio (Scheme 16).28 This 

ratio can be explained by a kinetic control due to the low nucleophilicity as well as by the poor 

leaving group character of the fluoride anion. 

 

DAST

CH2Cl2

125

N

126 (19%)

AcO

N

OH

127 (49%)

AcO

AcO
N

AcO

F

AcO

AcO

AcO
F

AcO
AcO

+

 
 

Scheme 16. Ring contraction of an indolizine derivative 

 

3.2.2. Sulfur participation  

A number of ring contractions and/or rearrangements have been observed during DAST 

fluorination of 4-thiofuranose derivatives.29 When the furanose derivative 128 was treated with 

DAST, the expected 3-fluoro derivative was not observed, but the ring contracted thioxetane 129 

(Scheme 17). It is interesting to note that the sulfur atom possesses a more nucleophilic character 

than that of the oxygen of the benzyloxy group, leading to the episulfonium intermediate 130, 

which was selectively attacked at the anomeric position by the fluorine anion (Scheme 17).  

 

128

S

BnO

OAc

OH

BnO
DAST

DAST

129

130

S

BnO

OAc

BnO

S

BnO

H H

H

BnO

F

OAc

F

63%

 
 

Scheme 17. Ring contraction via an epi-sulfonium intermediate 

 

3.2.3. Oxygen participation 

All the examples of DAST-induced ring contraction in this section involves carbohydrates (Table 

9). Depending on the structures, the configuration of the reacting alcohol, and the substitution 

patterns, either the expected fluoro derivatives or the rearranged compounds, issued from the 
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participation of other heteroatoms than the intracyclic heteroatom, or the ring-contracted 

derivatives Z were obtained. This methodology proves to be an interesting entry into a diversity 

of substituted tetrahydrofuran-2-carboxaldehydes Z'.30 

 

Table 9. Ring contraction of carbohydrate derivatives 

 
O

OMeHO

O

OMe
F

Z

R

O
OMe

HO

R

DAST R
O

CHO

Z'

R
PTSA

acetone

rt

 
 

Educt Reagent Product(s) 

(Yield) 

Ref. 

 

 

131a: R = OBn, R' = H

131b: R = H, R' = OBn

O
HO

Me

R
OMe

R'

 

 

 
DAST

CH2Cl2  

 

132a (66%)

132b (28%)

O
F

Me

R
OMe

R'

 

 

133a (17%)

133b (21%)

O

F

Me

R'

OMe
R

 

 

 

30a 

 

134

O
HO

Me

BnO OMe
BnO

 

 

 
DAST

CH2Cl2  

 

135 (2%)

O
F

Me

BnO
OMe

BnO

 

 

136 (38%)

O

F

Me
OMe

OBn

OBn

 
 

 

 

30a 

137

O

OMe

NO2

OH
Me

HO

Me

 

 

 
DAST

CH2Cl2  

138 (46%)

O
OMe

F H
Me

NO2

MeHO

 

 

139 (40%)

Me
O

Me NO2

F

OH

OMe

 
 

 

 

30g 
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Table 9. (continued) 

Educt Reagent Product(s) 

(Yield) 

Ref. 

 

140

O

O
OH

O

OBn

CMe2

 

 

 
DAST

CH2Cl2  

O

FBnO

O O

CMe2

141 (60%)  
 

 

 

 

 

 

 

 

30a 

142

O

OMe

O
OPh

N3
HO

 

 

 
DAST

CH2Cl2  

OO
OPh

N3
OMe

F

H

(1R)-143 + (1S)-143 (73%)

[(1R)-143 / (1S)-143 = 1/3.3] 
 

O

OMe

O
OPh

N3

144 (20%)  

 

 

30c,d 

 

145: R=OMe

O

OR

O O

O

146: R=OBn  

 

 

 
DAST

CH2Cl2  

 

O
FRO

O O

F

147: R=OMe (72%)

148: R=OBn (72%)  
 

  

 

 

30h 

149

O OBn

MeO O

BzO

 

 

 
DAST

CH2Cl2  

O
FBnO

BnO

OMe

F

150 (50%)

Me

 
 

  

 

30h 

151

O

OH

OMe

MeO
Me

NO2

Me

 

 

 
DAST

CH2Cl2  

(1R)-152 + (1S)-152 (70%)

O

Me

NO2

OMeMe

MeO F

[(1R)-152 / (1S)-152 = 3/1]  
 

  

 

30g 
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Table 9. (continued) 

Educt Reagent Product(s) 

(Yield) 

Ref. 

 

153

O

OMe

O
OPh

MeHO

O2N

 

 

 
DAST

diglyme  

OO
OPh

O2N

OMe
F

H

Me

(1R)-154 + (1S)-154 (23%)

[mixture 2.5/1]  
 

  

 

30f 

 

155

O

SPh

O
OPh

Me HO

O2N

 

 

 
DAST

CH2Cl2  

OO
OPh

O2N

SPh
F

H

Me

(1R or 1S)-156 (9.5%)  
 

  

 

30f 

O
O

OPh

SPh

OH

Me

O2N

157  

 

 
DAST

CH2Cl2  

OO
OPh

O2N

(1R or 1S)-158 (34%)

Me

SPh

F

 

  

 

30f 

159

O

OMe

O

OH

O
CMe2

 

 

 
DAST

CH2Cl2  

O F

MeO

O O

CMe2

160a
 

 

  

 

30b 

 

161

O
OMe

OHOMe2C

O

 

 

 
DAST

CH2Cl2  

O

F

OMeO O

CMe2

162a

 
 

  

 

30b 

O

OMe
HO

O

Me2C
O OTr

163  

 

 
DAST

CH2Cl2  

O

F

OMe

O O

CMe2

164a

TrO

 
 

  

 

30b 
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Table 9. (continued) 

Educt Reagent Product(s) 

(Yield) 

Ref. 

 

 

165

O

OMe

OH

OMe2C

O

TrO

 

 

 
DAST

CH2Cl2  

O F

MeO

O O

CMe2

166a

TrO

 
 

  

 

30b 

 

167

O

OMe

OH

OMe2C

O

PivO

 

 

 
DAST

CH2Cl2  

O F

MeO

O O

CMe2

168a

PivO

 
 

  

 

30b 

169

O

OMe

O

TrO

HO

 

 

 
DAST

CH2Cl2  

O

F
MeO

170a

TrO

O

 
 

171a

O

OMe

O

TrO

F

 

 

 

30b 

172

O

O

OMe

O

Ph

BnO

OH

 

 

 

 
DAST

CH2Cl2  

 

O

F
MeO

OBnO
O

Ph

173a
 

 

  

 

 

30b 

174

O

O

OMe

O

Ph

BzO

OH

 

 

 

 
DAST

CH2Cl2  

 

O

F
MeO

OBzO
O

Ph

175a
 

 

 

  

 

 

30b 
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Table 9. (continued) 

Educt Reagent Product(s) 

(Yield) 

Ref. 

 

176

O
OBnBnO

OH

BnO OBn

 

 

 
DAST

CH2Cl2  

O

F
BnO

OBnOBn

177a

BnO

 
 

  

 

30b 

178

O
OBn

BnO

OH

BnO

BnO

 

 

 
DAST

CH2Cl2  

O

F
BnO

OBn

BnO

179a

BnO

 
 

  

 

30b 

180

O

O

BnO
HO

BnO

OBn

O

O
O

O
Me2C

O

Me2C

 

 

 

 

 
DAST

CH2Cl2  

 

O

O

F

OBn

BnO

BnO

O

O
O

O
Me2C

O

Me2C

181a
 

 

  

 

 

 

30b 

O
O

O

OBn

O

Me

OMe

MeO

182  

 

 

 

 
DAST

CH2Cl2  

 

O
O

O
Me

OMe

MeO

183 (69%)

F
OBn

F

 

  

 

 

 

30h 

a The yield was not reported. 

 

4. Ring contraction/ring expansion 

 

When bicyclic compounds are treated with DAST, a ring contraction/ring expansion process can 

occur. When compound 184 was reacted with DAST at low temperature  

(–80 °C), two diastereoisomeric fluoro-substituted dioxabicyclooctenes 185 and 186, which 
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correspond to a ring contraction/ring expansion process, were obtained. These compounds are 

probably issued from intermediates 187 and 188 (Scheme 18).31 

 

O

O

HO
O

O
F O

O

F

+
DAST

CH2Cl2
80 °C, 10 min

O

O

F

O

O

F

184 185 (32%) 186 (16%)

187 188  
Scheme 18  

 

In the series of hydroxylated indolizines, two fluoro-indolizines were obtained when treated 

with DAST, and the major compounds corresponds to the ring-contracted/ 

ring-expanded products. In the case of 189, its treatment with DAST led to the fluoro-

indolizidines 190 and 191. It is worth noting that 191 is the result of a nucleophilic attack of the 

fluoride anion on the aziridinium intermediate 192 and corresponds to the  

ring-contracted/ring-expanded product (Scheme 19).6d 

 

N

OBn
BnO

H
OH

BnO
N

OBn
BnO

H
F

BnO
N

BnO F

OBn
H

BnO+
DAST

CH2Cl2
 rt, 48 h

N

OBn
BnO

H
H

BnO F

189 190 (20%) 191 (30%)

192  
 

Scheme 19  

 

The reaction is very selective in favor of the ring-contracted/ring-expanded product when a 

double anchimeric assistance is possible. Thus, when 193 was treated with DAST, 194 was the 
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only product formed via the aziridinium intermediate 195 which was attacked intramolecularly 

by the benzoyl group to form intermediate 196 (Scheme 20).6d 

 

N

OBz
BzO

H
OH

BzO
N

BzO OH

OBz
H

BzO
DAST

CH2Cl2
 0 °C, 1 h

52%

N

O

BzO
H

H

BzO F

193 194

195

DAST

Ph
O

N

BzO H

BzO

196

O
O

Ph

F

H2O

 
 

Scheme 20  

 

 

5. Conclusions 

 

DAST is a very powerful reagent that allows the conversion of various substrates to fluorine-

containing products. In a one-pot process, ring-expansion and/or ring-contraction can occur 

involving either a carbocation or an anchimeric assistance of neighboring groups. A variety of 

fluoro derivatives can be obtained and has been revealed to have interesting biologically activity. 

 

 

Acknowledgements 

 

Johnson & Johnson is greatly acknowledged for financial support (Focus Giving Grant to one of 

us, J. C.) and we thank the Ministère de la Recherche et de l’Enseignement Supérieur for a grant 

to one of us (H. F.). Ann Dierckx is thanked for the administrative assistance (L. v. H.) 

 

 

References 

 

1. (a) Craig, N. C.; Chen, A. K.; Suh, H.; Klee, S.; Mellau, G. C.; Winnewisser, B. P.; 

Winnewisser, M. J. Am. Chem. Soc. 1997, 119, 4789. (b) Briggs, C. R.; Allen, S. M. J.; 



Issue in Honor of Drs. Cynthia A. and Bruce E. Maryanoff ARKIVOC 2010 (viii) 126-159 

ISSN 1551-7012 Page 157 ARKAT USA, Inc. 

O’Hagan, D.; Tozer, D.; Slawin, J. A. M. Z.; Goeta, A. E.; Howard, J. A. K. Org. Biomol. 

Chem. 2004, 2, 732. (c) Böhm, H.-J.; Banner, D.; Bendels, S.; Kansy, M.; Kuhn, B.; Müller, 

K.; Obst-Sander, U.; Stahl, M. ChemBioChem 2004, 5, 637. (d) Shimizu, M.; Hiyama, T. 

Angew. Chem. Int. Ed. 2005, 44, 214 and references herein. (e) Schuler, M.; O'Hagan, D.; 

Slawin, A. M. Z. Chem. Commun., 2005, 4324. (f) Bégué, J. P.; Bonnet-Delpont, D. Actualité 

chimique 2006, 301-302, 83. 

2. Nyffeler, P. T.; Durón, S. G.; Burkart, M. D.; Vincent, S. P.; Wong, C.-H. Angew. Chem. Int. 

Ed. 2005, 44, 192. 

3. Middleton, W. J. J. Org. Chem. 1975, 40, 574.  

4. For reviews on the uses of DAST: (a) Singh, R. P.; Shreeve, J. M. Synthesis 2002, 2561. (b) 

Ferreira, S. B. Synlett, 2006, 1130. 

5. (a) Nicolaou, K. C.; Ladduwahetty, T.; Randall, J. L.; Chucholowski, A. J. Am. Chem. Soc. 

1986, 108, 2466. (b) Borrachero-Moya, P.; Cabrera-Escribano, F.; Gόmez-Guillén, M.; 

Madrid-Diaz, F. Tetrahedron Lett. 1997, 38, 1231 . (c) Dax, K.; Albert, M.; Ortner, J.; Paul, 

B. J. Carbohydr. Res. 2000, 327, 47. (d) Borrachero, P.; Cabrera-Escribano, F.; Carmona, A. 

T.; Gόmez-Guillén, M. Tetrahedron: Asymmetry, 2000, 11, 2927. 

6. (a) Somekh, L.; Shanzer, A. J. Am. Chem. Soc, 1982, 104, 5836. (b) Gani, D.; Hitchcock, P. 

B.; Young, D. W. J. Chem. Soc., Perkin Trans. 1 1985, 1363. (c) Rosen, T.; Chu, D. T. W.; 

Lico, I. M.; Fernandes, P. B.; Marsh, K.; Shen, L.; Cepa, V. G.; Pernet, A. G. J. Med. Chem. 

1988, 31, 1598. (d) Furneaux, R. H.; Gainsford, G. J.; Mason, J. M.; Tyler, P. C. Tetrahedron 

1995, 51, 12611. (e) De Lucca, G. V. J. Org. Chem. 1998, 63, 4755. (f) Hook, D. F.; Gessier, 

F.; Noti; C.; Kast, P.; Seebach, D. ChemBioChem. 2004, 5, 691. (g) Ye, C.; Shreeve, J. M. J. 

Fluorine Chem. 2004, 125, 1869. (h) Floreancing, P. E.; Swalley, S. E.; Trauger, J. W.; 

Derwan, P. B. J. Am. Chem. Soc. 2000, 122, 6342. 

7. (a) Jeong, L. S.; Moon, H. R.; Yoo, S. J.; Lee, S. N.; Chun, M. W.; Lim, Y.-H. Tetrahedron 

Lett. 1998, 39, 5201. (b) Carmona, A. T.; Borrachero, P.; Cabrera-Escribano, F.; Diánez, J.; 

Estrada, D.; López-Castro, A.; Ojeda, R.; Gómez-Guillén, M.; Pérez-Garrido, S. 

Tetrahedron: Asymmetry 1999, 10, 1751. 

8. (a) Filmon, J.; Grée, D.; Grée, R. J. Fluorine Chem. 2001, 107, 271. (b) Lakshmipathi, P.; 

Grée, D.; Grée, R. Org. Lett. 2002, 4, 451. 

9. (a) Castillon, S.; Dessinges, A.; Faghih, R.; Lucaks, G.; Olesker, A.; Thang, T. T. J. Org. 

Chem. 1985, 50, 4913. (b) Vera-Ayoso, Y.; Borrachero, P.; Cabrera-Escribano, F.; Carmona, 

A. T.; Gómez-Guillén, M. Tetrahedron: Asymmetry 2004, 15, 429. 

10. (a) Rozen, S.; Faust, Y.; Ben-Yakov, H. Tetrahedron Lett. 1979, 20, 1823. (b) Burnell-Curty, 

C.; Faghih, R.; Pagano, T.; Henry, R. F.; Lartey, P. A. J. Org. Chem. 1996, 61, 5153. (c) 

Boukerb, A.; Grée, D.; Laabassi, M.; Grée, R. J. Fluorine Chem. 1998, 88, 23. (d) Canova, 

S.; Bellosta, V.; Mignani, S.; Bigot, A.; Cossy, J. Org. Lett. 2006, 8, 2091. 

11. (a) Boiadjiev, S. E.; Lightner, D. A. J. Org. Chem. 1997, 62, 399. (b) Hallett, D. J.; Gerhard, 

U.; Goodacre, S. C.; Hitzel, L.; Sparey, T. J.; Thomas, S.; Rowley, M. J. Org. Chem. 2000, 

65, 4984. (c) Grunewald, G. L.; Caldwell, T. M.; Li, Q.; Criscione, K. R. J. Med. Chem. 



Issue in Honor of Drs. Cynthia A. and Bruce E. Maryanoff ARKIVOC 2010 (viii) 126-159 

ISSN 1551-7012 Page 158 ARKAT USA, Inc. 

2001, 44, 2849. (d) Giannini, G.; Marzi, M.; Moretti, G. P.; Penco, S.; Tiniti, M. O.; Pesci, 

S.; Lazzaro, F.; De Angelis, F. Eur. J. Org. Chem. 2004, 2411. 

12. (a) Yang, S. S.; Beattie, T. R. J. Org. Chem. 1981, 46, 1718. (b) C. Houge-Frydrych, S. V.; 

Pinto, I. L. Tetrahedron Lett. 1989, 30, 3349. (c) Burrell, G.; Evans, J. M.; Jones, G. E.; 

Stemp, G. Tetrahedron Lett. 1990, 31, 3649. (d) Shiuey, S.-J.; Kulesha, I.; Baggiolini, E. G.; 

Uskoković, M. R. J. Org. Chem. 1990, 55, 243. 

13. (a) Lafargue, P.; Guenot, P.; Lellouche, J. P. Synlett 1995, 171. (b) Phillips, A. J.; Uto, Y.; 

Wipf, P.; Reno, M. J.; Williams, D. R. Org. Lett. 2000, 2, 1165. (c) Nishio, T.; Kurokawa, 

Y.; Narasaki, Y.; Tokunaga, T. Heterocycles 2006, 67, 247. 

14. Li, C.; Prichard, M. N.; Korba, B. E.; Drach, J. C.; Zemlicka, J. Bioorg. Med. Chem. 2008, 

16, 2148. 

15. Kobayashi, T. K.; Maeda, M.; Komatsu, H.; Kojima, M. Chem. Pharm. Bull. 1982, 30, 3082. 

16. Ino, S.; Oinuma, H.; Yamakado, R.; Morisaki, M.; Furukawa, Y.; Hata, T. Chem. Pharm. 

Bull. 1991, 39, 335. 

17. Agbaria, K.; Wöhnert, J.; Biali, S. E. J. Org. Chem. 2001, 66, 7059. 

18. Drouillat, B.; Couty, F.; David, O.; Evano, G.; Marrot, J. Synlett 2008, 1345. 

19. (a) Déchamps, I.; Gomez Pardo, D.; Cossy, J. Synlett 2007, 263. (b) Déchamps, I.; Gomez 

Pardo, D.; Cossy, J. Eur. J. Org. Chem. 2007, 4224. 

20. Kirihara, M.; Takuwa, T.; Kambayashi, T.; Momose, T.; Takeuchi, Y. J. Chem. Research (S) 

1998, 652. 

21. MacLeod, A. M.; Herbert, R.; Hoogsteen, K. J. Chem. Soc., Chem. Commun. 1990, 100. 

22. Olah, G. A.; White, A. M.; DeMember, J. R.; Commeyras, A.; Lui, C. Y. J. Am. Chem. Soc. 

1970, 92, 4627. 

23. Aoyagi, Y.; Hitotsuyanagi, Y.; Hasuda, T.; Matsuyama, S.; Fukaya, H.; Takeya, T.; Aiyama, 

R.; Matsuzaki, T.; Hashimoto, S. Bioorg. Med. Chem. Lett. 2008, 18, 2459. 

24. Burnell-Curty, C.; Faghih, R.; Pagano, T.; Henry, H. F.; Lartey, P. A. J. Org. Chem. 1996, 

61, 5153. 

25. (a) Chen, S. H.; Huang, S.; Farrina, V. Tetrahedron Lett. 1994, 35, 41. (b) Chen, S. H.; 

Huang, S.; Wei, J.; Farrina, V. J. Org. Chem. 1993, 58, 4520. 

26. Samaranayake, G.; Magri, N.F.; Jitrangsri, C.; Kingston, D. G. I. J. Org. Chem. 1991, 56, 

5114. 

27. De Lucca, G. V. J. Org. Chem. 1998, 63, 4755. 

28. Furneaux, R. H.; Gainsford, G. J.; Mason, J. M.; Tyler P. C. Tetrahedron 1994, 57, 2131. 

29. Jeong, L. S.; Moon, H. R.; Yoo, S. J.; Lee, S. N.; Chun, M. W.; Lim, Y.-H. Tetrahedron Lett. 

1998, 39, 5201. 

30. (a) Dax, K.; Albert, M.; Ortner, J.; Paul B. J. Carbohydrate Research, 2000, 327, 47. (b) 

Dax, K.; Albert, M.; Hammond, D.; Illaszewicz, C.; Purkarthofer, T.; Tscherner M.; Weber, 

H. Monatshefte für Chemie 2002, 133, 427. (c) Vera-Ayoso, Y.; Borrachero, P.; Cabrera-

Escribano, F., Gómez-Guillén, M. Tetrahedron: Asymmetry 2005, 16, 889. (d) Vera-Ayoso, 

Y.; Borrachero, P.; Cabrera-Escribano, F., Gómez-Guillén, M; Vogel, P. Synlett 2006, 1, 45. 



Issue in Honor of Drs. Cynthia A. and Bruce E. Maryanoff ARKIVOC 2010 (viii) 126-159 

ISSN 1551-7012 Page 159 ARKAT USA, Inc. 

(e) Vera-Ayoso, Y.; Borrachero, P.; Cabrera-Escribano, F., Carmona, A. T.; Gómez-Guillén, 

M. Tetrahedron: Asymmetry 2004, 15, 429. (f) Borrachero, P.; Cabrera-Escribano F., 

Carmona A. T.; Gómez-Guillén, M. Tetrahedron: Asymmetry 2000, 11, 2927. (g) 

Borrachero-Moya, P.; Cabrera-Escribano, F.; Gómez-Guillén, M.; Madrid-Díaz, F. 

Tetrahedron Letters 1997, 38, 1231. (h) Aghmiz, M. L.; Díaz, Y.; Hari Jana G.; Matheu, M. 

I.; Echarri, R.; Castillón, S.; Jimeno, M. L. Tetrahedron 2001, 57, 6733. 

31. Oberdorfer, F.; Haeckel, R.; Lauer, G. Synthesis 1998, 201. 

 


