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Abstract Fluorinated o-alkylidene-y-butyrolactone derivatives were synthesized stereoselectively via a sodinm
dithionite initiated fadical perfluoroalkylation-cyclization of acyclic allylic alkynoates in high yields under mild
conditions.

Organofluorine chemistry nowadays plays an important role in searching and inventing new biologically
active compounds due to the profound effects on biological properties through introduction of fluorine atoms
into organic moleculesl-2 In this respect, synthesis of partially fluorinated natural products is a project
of special interest. 2,3 o-Methylene-y-butyrolactone derivatives are a major class of skeleton in naturally
occurring sesquiterpene lactones which exhibit important physiological activities; their syntheses have been
attracting more and more interest 4 However, despite the abundance of research on this subject, synthesis
of their fluorinated analogs has not been reported yet.

Recently, we developed a new methodology for the synthesis of o-methylene-y-butyrolactone
derivatives via a divalent palladium catalyzed cyclization of acyclic 2-alkynoates.5:6 Lee applied a radical
cyclization to construct the lactone ring from allylic 2-alkynoates.” Huang et al. utilized sodium dithionite
to initiate the addition of Rgd to olefinic and acetylenic compounds® We wish to report herein the
synthesis of fluorinated a-alkylidene-y-butyrolactone derivatives via a novel selective perfluoroalkyl radical
addition-cyclization reaction of allylic alkynoates initiated by sodium dithionite .

In the presence of sodium dithionite and sodium bicarbonate, perfluorcalky!l iodides 2A-D
smoothly reacted with allylic alkynoates la-c at 10-15°C  in aqeous acetonitrile to give cyclic
products(Table 1).9 In most cases, the reactions were completed within a few minutes. When R=n-CgHp7
or Re=CI(CF7)g, the reactions were somehow slower, but still completed within 30 minutes (entries 7-9).
Best yields were obtained for allyl 2-butynoate (1b, entries 4-6). Allyl propynoate (1a) gave lower yields
probably due to the high reactivity of the terminal triple bond (entries 1-3).

The configuration of the exocyclic C=C double bond in 3 was determined by comparing the chemical
shifts of the vinylic protons (R=H) or the allylic protons in the R group ( R=CHj3, n-CgHj7).5:6 Inthe
case of unsubstituted propynoate (Ia), the stereoselectivities were poor (entries 1-3). While in the case of
substituted propynoates (1b-c), (E)-forms of 3 were predominantly obtained (entries 4-9). This significant
change was striking but not completely unexpected. A proposed mechanism is outlined in Scheme 1. Sodium
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dithionite generates the perfluoroalkyl radical by transferring an electron to RfI,10 thus initiates the reaction.
Due to the electrophilic nature of R, it then preferrentially adds to the electron rich allylic double

Table 1 Na3S204-NaHCO3 initiated reaction of Re(2) with allylic 2-alkynoates(1)2

~
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entry 1 2 Time Product® Combined isolated EZ
R R (min) yield(%)
1 H(1a) CF3(2A)d 10 3aA 44 32:68¢
2 H(la) CI(CF2)»(2B) 10 3aB 47 60:40¢
3 H(1a) CI(CF1)4(2C) 10 3aC 50 52:48¢
4 CH;3(1b) CF3(2A)d 5 3bA 80 95: 5C
5 CH3(1b) CCF)2(2B) 10 3bB 83 >97: 3¢
6 CH3(1b) CI(CF2)4(2C) 10 3bC 82 >97: 3¢
7 CH3(1b) CI(CF)3(2D) 30 3bD 92 >97: 3¢
8 n-CgHj7(1¢) CICF2),(2B) 20 3cB 60 >97; 3¢
9 0-CgHj7(1c) CKCF2)4(2C) 20 3cC 62 >97: 38

a. Reaction conditions. The mixture of 1(1mmol), 2(1mmol), NayS204(256mg, 1.5mmol),
NaHCO3(126mg, 1.5mmol), MeCN(3mL) and HyO(2mL) was stirred at 10-15°C.

b. The products were confirmed by IH NMR, 19F NMR, IR and mass spectra data.

c. E/Z ratios were determined by isolation.

d. Gaseous CF3I was passed through a stirred mixture of 1, NapS704, NaHCO3, MeCN
and HyO.

e. Isomers were not separated, and E/Z ratio was determined by 1H NMR spectra.

bond, in contrast to Lee's report’ in which tributyltin radical adds to the electron deficient triple bond.
The cyclization of the intermediate radical 4 is then followed by iodine atom transfer from Rd to the
resulting vinyl radical 5, thus completes the chain transfer step. Vinyl radicals were reported to undergo
rapid inversions even at very low temperatures.11 When R is methyl or a larger alkyl group, a 1,3-allylic
interaction between R and R¢CHj is present in (Z)-5,12 therefore this isomerization equilibrium favors
(E)-S, which upon iodine atom abstraction affords (E)-3. The stereoselectivity (E/Z >95:5) is much
higher than that reported by Curran in a trisubstituted vinyl iodide(E/Z=1:1),13 and is similar to the results of
Malacrial4 and Weiler!S in which hydrogen atom from Bu3SnH, instead of iodine, transfers to exocyclic
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alkenyl radicals (E/Z=100:0 and 98:2 respectively). This might be rationalized by assuming that the rate of
iodine atom tranfer from Rg is slower than that from RI but approximates the rate of hydrogen atom
transfer from low concentration BuzSnH, which allows the preliminary equilibrium of inverting vinyl
radicals. 16 When R=H, (E)-5 and (Z)-5 are similar in energy because of the absence of 1,3-allylic
interaction, the reaction gives comparable amount of two isomers (E/Z around 1).
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Changing perfluoroalkyl iodides seemed to have little effects on the stereoselectivity and yield of
the reaction. Water content of the solvent mixture is crucial, and the optimum volume ratio of H,O to
MeCN is 0.6-1. A lower or a higher water content results in poor mutual solubility of different
reactants. A slightly excess sodium dithionite and sodium bicarbonate may help to accomplish the
transformation quickly.

In summary, the sodium dithionite initiated perfluoroalkylation-cyclization is an efficient method to
synthesize fluorinated o-alkylidene-y-butyrolactone derivatives with good stereoselectivity; and it has
great practical prospect because of the ready availability of starting materials and ease of manipulation.
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