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Abstract: A Na2S2O4-promoted radical addition reaction of per-
fluoroalkyl iodides with allenes affording 1-perfluoroalkyl-2-alken-
2-yl iodides 3 in 52–69% yields has been developed. Kinetic re-
solution of the Z/E mixture via the Pd(0)-catalyzed Sonogashira
coupling reaction was applied to prepare pure vinylic iodides (Z)-3
and the related coupling products (E)-4 up to 98:2 E/Z ratio.
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For a long period of time, allenes have been considered as
highly unstable, which has seriously retarded the develop-
ment of their chemistry.1 The situation has changed
dramatically during the last ten years, now allenes have
become an important class of compounds with unique re-
activity and selectivity in organic synthesis.2,3 In particu-
lar, the transition metal-catalyzed or -promoted reactions
of allenes have become very powerful tools for organic
transformations.4 However, the radical chemistry of al-
lenes has not been well-established.5,6 In this paper, we
wish to disclose our recent observations on the Na2S2O4-
promoted radical addition of perfluoroalkyl iodides with
allenes, which afforded a Z/E mixture of 1-perfluoroalkyl-
2-alken-2-yl iodides. These products may be efficiently
resolved by the Pd(0)-catalyzed Sonogashira coupling
reactions with propargylic alcohols.

It is well-known that Na2S2O4 can be used to promote the
radical addition of perfluoroalkyl iodides with alkenes7 or
alkynes.8 However, when we treated 4-phenyl-1,2-butadi-
ene with I(CF2)4Cl in CH2Cl2–H2O (3:1) or benzene–H2O
(3:1), no expected product 3a was formed; when the reac-
tion was carried out in aqueous DMF, DMA, DMSO, or
THF, 3a was formed in 15–25% yields. Best results were
obtained when 1,4-dioxane was used as the solvent. Thus,
we chose 1,4-dioxane as the solvent to study the scope of
this radical addition reaction. Some of the most typical
results are shown in Table 1;11 it can be concluded that
either benzyl-, n-alkyl-, or cyclohexyl-substituted allenes

can undergo the radical addition reaction with perfluoro-
alkyl iodides affording the radical addition products
vinylic iodides 3 in 52–69% yields.

Although the reactions afforded the products 3 as an E/Z
mixture with the ratio ranging from 1:1.78 to 1:2.75, it
was observed that the Z and E isomers of 3b reacted very
differently with propargyl alcohol, i.e., the E isomer react-
ed very fast producing 4b with a Z/E ratio as high as 4:96
while (Z)-3b remained unreacted (Table 2).9,10

In this way (Z)-3 may be prepared highly stereoselective-
ly. After some optimization, a standard procedure was
established for applying the Pd(0)-catalyzed Sonogashira
coupling reaction12 to the highly stereoselective synthesis
of (Z)-3 and (E)-4 (Table 3).11 From the results shown in
Table 3 it can be concluded that (Z)-3 can be prepared in
the pure form in very high yields, while the E/Z ratio for

Table 1 Na2S2O4-Initiated Radical Addition of Perfluoroalkyl 
Iodides with Different Allenesa

Entry R Rf Yield of 3 
(%)b

E/Zc

1 Bn (1a) Cl(CF2)4 (2a) 63 (3a) 1:1.80

2 Bn (1a) n-C4F9 (2b) 65 (3b) 1:1.78

3 n-C5H11 (1b) Cl(CF2)4 (2a) 55 (3c) 1:2.41

4 n-C5H11 (1b) n-C4F9 (2b) 52 (3d) 1:2.33

5 n-C7H15 (1c) Cl(CF2)4 (2a) 63 (3e) 1:2.75

6 n-C7H15 (1c) n-C4F9 (2b) 69 (3f) 1:2.34

7 c-C6H11 (1d) Cl(CF2)4 (2a) 59 (3g) 1:2.22

8 c-C6H11 (1d) n-C4F9 (2b) 62 (3h) 1:2.21

a Ratio of 1:2:Na2S2O4:NaHCO3 = 1:1.5:1.5:1.5.
b Isolated yield. The E and Z isomers cannot be separated by flash 
chromatography.
c Determined by NMR spectra.
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the Sonogashira coupling products 4 ranging from 9:1 to
22:1. These two isomers may also be easily separated via
chromatography on silica gel, enabling the synthesis of
both (Z)-4 and (E)-4.

In conclusion, we have developed a Na2S2O4-promoted
radical addition of perfluoroalkyl iodides with allenes. Al-
though the stereoselectivity is not good and the Z/E iso-
mers are inseparable, the subsequent Pd(0)-catalyzed
Sonogashira coupling reaction enables the highly stereo-
selective synthesis of the Sonogashira coupling products
(E)-4-perfluoroalkylmethyl-4-alken-2-ynol [(E)-4] and
the Z isomer of the radical addition products (Z)-3. Further
studies in this area are being carried out in our laboratory.

Acknowledgment

Financial support from the National Natural Science Foundation of
China, the Major State Basic Research Development Program
(Grant No. G2000077500), and Cheung Kong Scholar Program is
greatly appreciated. Shengming Ma is jointly appointed by Zhejiang
University and Shanghai Institute of Organic Chemistry. This work
was conducted at Zhejiang University.

References and Notes

(1) Hoffmann-Röder, A.; Krause, N. Angew. Chem. Int. Ed. 
2004, 43, 1196.

(2) (a) Patai, S. The Chemistry of Ketenes, Allenes, and Related 
Compounds, Part 1; John Wiley and Sons: New York, 1980. 
(b) Schuster, H. F.; Coppola, G. M. Allenes in Organic 
Synthesis; John Wiley and Sons: New York, 1984. 
(c) Landor, S. R. The Chemistry of Allenes, Vol. 1-3; 
Academic Press: New York, 1982. (d) Krause, N.; Hashmi, 
A. S. K. Modern Allene Chemistry, Vol. 1 and 2; Wiley-
VCH: Weinheim, Germany, 2004.

(3) For reviews, see: (a) Zimmer, R.; Dinesh, C. U.; Nandanan, 
E.; Khan, F. A. Chem. Rev. 2000, 100, 3067. (b) Marshall, 
J. A. Chem. Rev. 2000, 100, 3163. (c) Hashmi, A. S. K. 
Angew. Chem. Int. Ed. 2000, 39, 3590. (d) Bates, R.; 
Satcharoen, V. Chem. Soc. Rev. 2002, 31, 12. (e) Ma, S. 
Carbopalladation of Allenes, In Handbook of 
Organopalladium Chemistry for Organic Synthesis; 
Negishi, E., Ed.; John Wiley and Sons: New York, 2002, 
1491. (f) Sydnes, L. K. Chem. Rev. 2003, 103, 1133. 
(g) Ma, S. Acc. Chem. Res. 2003, 36, 701. (h) Tius, M. A. 
Acc. Chem. Res. 2003, 36, 284. (i) Wei, L.-L.; Xiong, H.; 
Hsung, R. P. Acc. Chem. Res. 2003, 36, 773. (j) Brandsma, 
L.; Nedolya, N. A. Synthesis 2004, 735. (k) Ma, S. Pd-
Catalyzed Two- or Three-Component Cyclization of 
Functionalized Allenes, In Topics in Organometallic 
Chemistry; Tsuji, J., Ed.; Springer-Verlag: Heidelberg, 
2005, 183.

(4) Ma, S. Chem. Rev. 2005, 105, 2829.
(5) Pan, F.; Fu, C.; Ma, S. Chin. J. Org. Chem. 2004, 24, 1168.

Table 3 Kinetic Resolution of Different 1-Perfluoroalkyl-2-iodo-2-
alkenes by the Pd(0)-Catalyzed Sonogashira Coupling Reaction with 
Propargyl Alcohola,b
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Yield of 
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of (Z)-4 
(%)a

Bn Cl(CF2)4 (3a) 11/30 55 28 3
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Catalyst (mol%) Time (min) Yield of (Z)-3b 
(%)

Yield of 4b 
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E/Z ratio of 4ba
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b 16% of (E)-3b remained unreacted.
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