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A FACILE ROUTE TO OLEFINS FROM VZC- 
DIOLS VIA CYCLIC SULFATES WITH 
TRIPHENYLPHOSPHINE AND IODINE 

Doo Ok Janga*, Yung Hyup Joob and Dae Hyan Choa 

aDepartment of Chemistry, Yonsei University, Wonju 222-710, Korea 
bPacific Corporation, Pharmaceutical Research Institute, Kyounggi-do 449-900, 

Korea 

Abstract: Treatment of cyclic sulfates of vic-diois with 
triphenylphosphine and iodine offers the corresponding olefins in high 
yields at room temperature. Both cyclic sulfates of d,I-hydrobenzoin 
and meso-hydrobenzoin give trans-stilbene. 

The synthesis of olefins from vic-diols is an important process for the 

modification of natural products and refunctionalization of polyhydroxy 

compounds. Today, a number of methods to offer olefins from vic-diols have 

been reported.' A majority of methods need to introduce activating groups, which 

are transformed to olefins with proper treatment subsequently. Cyclic 

thionocarbonates of vic-diols are the most well known activating groups which are 

converted to the corresponding olefins by treatment with trialkyl phosphites,2 1,3- 

dimethyl-2-phenyl- 1,3,2-diazaphospholidine,3 iron pentacarbonyl? Raney nickel,5 

* To whom correspondence should be addressed 
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2380 JANG, JOO, AND CHO 

tributyltin hydride,6 bis( 1,5-cyclooctadecene) nickel,’ or Zn and an alkyl iodide.8 

The other examples of activating groups are 1,3-dioxolane derivatives,9 vicinal 

dixanthates,1° disulfonates.11 cyclic phosphates,12 and phosphoroamidates.12 

Olefins can also be obtained directly from vic-diols by treatment with titanium 

metals,l3 Me3SiC1-NaI,14 Ph3P-I2-imida~ole,~~ Ph2PC1-12-imidazole,16 PBr3- 

CuBr-Zn,l7 or tungsten reagent. 18 Most recently, cyclic sulfates of vic-diols have 

been used as activating groups for the olefination of vic-diols with sodium 

naphthalenide,lg phosphines,20 selenocyanate,21 or telluride ion.22 However, 

these methods have their own drawbacks; non-stereospecity, high temperature, 

two-step reaction, and using relatively expensive reagents, respectively. 

In this paper, we wish to report that cyclic sulfates of vic-diols can be 

transformed to the corresponding olefins on treatment with diiodophosphorane 

generated in situ from triphenylphosphine and iodine at room temperature. vic- 

Diols 1 were easily converted to the cyclic sulfates 2 by treatment with thionyl 

chloride and RuC13.3H20 / NaIO4 sequentially (Scheme l).23 

Reacting the cyclic sulfate of dimethyl L-tartrate with 

triphenylphosphine (2  eq) and iodine (1 eq) in dry CH2C12 at room temperature 

resulted in the formation of dimethyl fumarate in 85 % isolated yield (Table 1, entry 

1). The reaction generated dimethyl fumarate even with catalytic amount of iodine 

without affecting the yield of olefin (entry 2 and 3). At the end of the reaction, the 

brown color of iodine was persistent. These results show that a cyclic sulfate 4 is 

opened by a diiodophosphorane giving an acyclic sulfate 5, which can undergo 

elimination by another diiodophosphorane to generate olefin 6 in stereospecific 

way, triphenylphosphine oxide, sulfur trioxide, diiodophosphorane. and iodine. 

Iodine reacts with triphenylphosphine to regenerate diiodophosphorane (Scheme 2 ,  

path a). The reaction was not completed with less than 2 eq of Ph3P. In blank 
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OLEFINS FROM VIC-DIOLS 2381 

0 0  
Ho OH i) SOC12/ Et3N o:'s':o Ph3P/12 R' 

R2 
\=\ 

room temp.* 
Ri; R2 

R' 

1 2 3 

Scheme 1 

Table 1. Transformation of Cyclic Sulfates into Olefins with Ph3P 
and 12 in CH2C12 at Room Temperature. 

Entry Cyclic Sulfate (2) Ph3P 12 Time 3 
R' R2 (eq) (eq) (hr) ("/,)a 

1 C02CH3 C02CH3 2 1 2 85 

2 C02CH3 C02CH3 2 0.5 2 85 

3 C02CH3 C02CH3 2 0.1 3 82 

4 dl-Ph Ph 2 1 3 85 

5 dl-Ph C02CH3 2.5 1 4 73 

6 dl-Ph CH20CH3 2 1 4 73 

7 dZ-CH3(CH2)4 C02Bn 3 1 4 93 

8 dl-CH3(CH2)9 H 3 1 5 86 

alsolated yields by column chromatography on silica gel. 

experiment (without Ph3P or 12) the starting cyclic sulfate was recovered. Various 

cyclic sulfates of vic-diols could be converted to the corresponding olefins (entry 4- 

7). It is worthy of note that cyclic sulfate of inactivated 1,2-dodecandiol was 

transformed to 1-dodecene under these reaction conditions (entry 8). However, 

cyclic sulfate of 1,2-cyclododecandiol needed higher temperature (boiling DMF) to 
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2382 JANG, JOO, AND CHO 

transform to cyclododecene (65 %). Cyclic sulfate of sterically hindered 1,2:5,6- 

di-0-isopropylidene-D-mannitol was intact under the conditions, 

a 
-L? t o 

R' 
12PPh3 + Ph3PO + 12 + so3 + 

R2 u 6 
PPh3 

Scheme 2 

When cyclic sulfate of meso-dimethyl tartrate 10a was treated with 

Ph3P (2 eq) and I2 (1  eq), dimethyl fumarate l l a  was obtained in 86 % yield 

exclusively. Similarly cyclic sulfate of meso-hydrobenzoin 10b gave trans- 

stilbene l l b  in 80 % yield. These imply that an acyclic intermediate 7 which is 

formed from cyclic sulfates of cis-diols by nucleophilic attack by an 

diiodophosphorane may change the conformation to give thermodynamically stable 

trans-olefins (Scheme 2 ,  path b). 
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OLEFINS FROM VIC-DIOLS 2383 

In conclusion, we have developed a procedure for the synthesis of 

olefins from vic-diols using triphenylphosphine and iodine at room temperature. 

Both d,l- and meso-vic-diols can be transformed into thermodynamically stable 

trans-olefins under mild conditions. 

10a: R' = R2 = C02Me 
lob: R' = R2 = Ph 

1 la:  R' = R2 = C02Me; 86 % 
l lb:R'=R2= Ph;80% 

Scheme 3 

Typical experimental procedure: To a solution of the cyclic 

sulfate of dimethyl L-tartrate (0.24 g, 1 mmol) in dry CH2C12 (5 mL) under 

nitrogen was added Ph3P (0.52 g, 2 mmol) and I2 (0.25 g, 1 mmol) at room 

temperature. The reaction mixture was stirred for 2 hr (TLC showed the 

disappearance of the cyclic sulfate). The reaction mixture was diluted with CH2C12 

and washed with saturated aqueous Na2S203 solution until  the brown color 

disappeared. The organic layer was dried over anhydrous MgS04. After filtration, 

the solvent was removed and the residue was purified with column 

chromatography on silica gel (CH2C12 / hexanes, 3: 1) to give dimethyl fumarate 

(0.12 g, 85 %). 
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