
Pergamon 
Tetrahedron Letters, Vol. 38, No. 29, pp. 5161-5164, 1997 

© 1997 Elsevier Science Ltd 
All rights reserved. Printed in Great Britain 

00404039/97 $17.00 + 0.00 
PIE S0040-4039(97)01117-9 

Stereospecific Conversion of lodohydrin Derivatives into Alkenes by Means of 
an Ailyisilaue-Titanium Tetrachkn'ide System and its Application to Stereo- 

retentive Deoxygenation of Epoxides 

Kentaro Yaehl, Katsuya Maeda, Hiroshl Shinokubo, and Kolehlro Oshtma* 

Department of Mataial Chemistry, Graduate School of Engineering, Kyoto University, Yoshida, Sakyo-ku, Kyoto 606-01, Japan 

A b s t r a c t :  Whereas erythro-iodohydrin derivatives provided (E)-allomes with high stta-tmsd¢ctivity 
upon treatment with titanium tetraehloride in the preseace of allyltrimethylsflane, the corresponding 
threo isomers afforded (Z)-alkenes exclusively. The reaction was applied to the s ~ t i v e  
conversion of epoxides to alkenes. © 1997 Elsevier Science Ltd. 

We have reported that the reaction of vicinal alkoxyiodoalkanes with butyllithium proceeds in syn fashion 

to give alkenes stereospecifically and that the interconversion of olefinic geometrical isomers has been 

performed by an anti-addition of an iodide-aikoxy moiety to an alkene and subsequent syn elimination of those 

groups, l Here we wish to report that the reaction of iodohydrin derivatives and their analogues with a TiCl 4- 

allyltnmethylsilane system takes place in anti-fashion to provide olefins stereospecifically and that stereo- 

retentive deoxygenation of epoxides has been achieved by successive treatment with tetrabutylammonium iodide 

and allyltrimethylsilane in the presence of titanium tetracldoride. 

We examined a l~ elimination reaction of the vicinal acetoxyiodoalkanes 2 l a  and l b  with several Lewis 

acids such as TiCl 4, SnC14, BF3,OEt 2, and TMSOTf (Scheme 1). Among them, titanium tetrachlonde gave 

the best results in terms of yields and stereospecificity. Whereas erythro-acetoxyiodoalkane l a  provided (E)- 

6-dodecene with high stereoselectivity, threo-isomer l b  gave (Z)-6-dodecene almost exclusively (Table l, 

entry l and 2). Tin(IV) chloride afforded the corresponding alkenes with high stereospecificity but in moderate 

or low yields. For instance, l a  or l b  provided (E)-6-dodecene (E/Z = >99/1) or (Z)-6-dodecene (E/Z = 

8/92) in 38% or 52% yield, respectively, upon treatment with tin(IV) chloride in the presence of 

allyltrimethylsilane. Boron trifluoride, diethylaluminium chloride, and trimethylsilyl triflate were not effective 

for the conversion of l a  and l b  into olefins and the starting l a  and l b  were recovered unchanged. 
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Table 1. Conversion of Iodohydrin Derivatives a into Alkenes 

OX OX R I ~ R  2 '~""tSiMe3 + R 2 ~  R1 
"ricI4, CH2CI 2 I I 0 °C 

R 1,,,"~R 2 

Entry X R 1 R 2 erythro/threo Yield(%) E/Z 

1 l a  COCH 3 n-CSHll  n-CsH11 >99/1 91 97/3 

2 l b  COCH 3 n-CSHll  n-C5HI 1 <1/99 97 4196 

3 1 e CH 3 n-CsH 11 n'C5H 11 >99/1 93 9812 

4 I d CH 3 n-C5H 11 n'CsH 11 4/96 85 4/96 

5 I e H n-C5H 11 n'C5H 11 >99/1 85 9812 

6 1 f H n-C5H 11 n'CsH 11 3/97 84 8/92 

7 I g SiMe,2-t-Bu n-C5H 11 n'Csl-I 11 >99/1 22 >99/1 

8 l h  SiMe2-t-Bu n-CsH11 n-C5H11 <1/99 26 4/96 

9 11 COCH 3 n-C8H 17 CH3 >99/1 77 >99/1 

10 IJ COCH 3 n 'CsH 11 CH2CH2CH2OCOCH3 >99/1 81 >99/1 

11 l k  COCH 3 n-CsHI 1 CH2CH2CH2OCOCH3 5/95 84 5/95 

12 11 COCH 3 n-CsH 11 CH2CH2CH2OCH3 >99/1 48 85/15 

13 l m  COCH 3 n-C5H 11 CH2CH2CH2OCH3 6/94 69 11/89 

14 In  COCH 3 n-C5H11 CH2CH2CH2Br 97/3 88 97/3 

15 1 o COCH 3 n-CsH 11 CH2CH2CH2Br 6/94 76 12/88 

a) Starling materials l e  and l d  were prepared by iodoetherization from E-6-dodecene and 
Acetates ( l a  and lb )  and silyl ethers ( l g  and lh )  were prepared from iodohydrins 
Acetates 1 i-1 p were generated from the corresponding iodohydrins. 

Z-6-dodecene. 

( l e  and If) .  

Next, the conversion of several iodohydrin derivatives 3 into alkenes was studied using a titanium 

tetrachloride-allyltrimethylsilane combination. The representative results are also shown in Table 1. Several 

comments are worth noting: (1) Elimination proceeded in anti-fashion. (2) lodohydrin itself and methyl ether 

as well as vicinal vf,,etoxyiodoalkane were converted into olefins with high stereospeeifieity in good yields. On 

the other hand, t-butyidimethylsilyl ethers gave the c o n ~ o n d i n g  alkenes in only 22-26% yields and starting 

materials were recovered in 60-70% yield. (3) A regioisomeric mixture of unsymmetrical iodohydrin 

derivatives also afforded the corresponding alkencs in good yields. (4) The acetoxyiodoalkanes ( l j - l o )  having 

other functional groups in the molecule could be converted into the corresponding aikenes stereospeeifically. 

However, the seleetivities were slightly inferior to those for l a - l h .  4 
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We are tempted to assume the following reaction mechanism. The coordination of oxygen of the methoxy 

or acetoxy group to titanium tea'aehloride would facilitate the elimination of those groups to give a bridged 

iodonium ion intermediate. An attack of allyllrimethylsilane on the iodonium ion would provide alkenes and 

allyl iodide. 5 The formation of allyl iodide was confirmed by the 1H NMR examination of the reaction mixture 

(Scheme 2). 

,~-Ihme 2 

OX CI4Ti-~?X R ~ siMea 

Then, the elimination reaction was applied to the stereospecific conversion of epoxides into alkenes. The 

deoxygenation of epoxides to olefins has been widely studied and numerous reagents have been reported to give 

the olefins nonstereospecifically through a radical intermediate. 6 Here we wish to describe that the successive 

treatment of epoxides with tetrabutylammonium iodide and allyitrimethylsilane in the presence of titanium 

tetrachloride provides olefins of the same geometry as epoxides.7, 8 

Deoxygenation was studied using cis- and trans-6-dodecene oxide as substrates. Treatment of epoxides 

with titanium tetrachloride and ailyltrimethylsilane resulted in recovery of the starting epoxides. The use of 

titanium tetra.iodide instead of titanium tetrachloride facilitated the ring opening of epoxides, but the yields of 

alkenes were disappointedly low (~ 40%) in spite of high stereospecificity after successive treatment with 

ailyltrimethylsilane. Finally, we found that an addition of tetrabutylammonium iodide in the presence of 

titamum tetrachlonde followed by treatment with allyltrimethyisilane provided alkenes with high 

stereospecificity in good yields. For instance, treatment of epoxide 2a (cis/trans = <1/99) with 

tetrabutylammonium iodide, titanium tetxaehioride, and allyltrimethylsilane at 0 °C gave (E)-6-dodecene (Z/E 

= <1/99) in 78% yield. Meantime, the stereoisomer 2b (cisltrans = 92/8) afforded Z-6-dodecene with high 

selectivity (Z/E = 89/11). The overall retention of configuration can be explained by (1) SN2 opening of 

epoxide by iodide and (2) anti-elimination of the iodohydrin derivative. 

Typical procedure for the de, oxygenation of epoxides is as follows. A solution of titamum tetrachloride in 

dichloromethane (1.0 M, 3.0 ml, 3.0 mmol) was added to a solution of tetrabutylammonium iodide (0.40 g, 

1.1 mmoi) and epoxide 2a (184 mg, 1.0 mmol) in dichloromethane (10 ml) at 0 *C under argon atmosphere. 

After the mixture was stirred for 15 min at 0 °C, allyitrimethyisilane (0.49 g, 4.0 mmol) was added. The 

resulting mixture was stirred for 2 h at 0 *C and poured into aqueous ammonium chloride solution. Extraction 

with hexane (20 ml X 3) followed by silica gel column purification afforded (E)-6-dodecene (0.12 g) in 78% 

yield. 

Financial support by a G-rant-in-Aid for Scientific Research (A) (No. 06403025) from the Ministry of 

Education, Science, Sports and Culture, Japan is acknowledged. 
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Table 2. One pot conversion of epoxides into alkenes 

Epoxide :2 Alkene 
Entry R 1 R 2 cishrans Yield(%) ZIE 

1 :2a n-CsH 11 n-CsI-I 11 <1/99 78 <1/99 

2 :2b n-CSHll n-CsH11 9218 62 89/11 

3 :2e n-C5H11 CH2CH2CH2OCOCH 3 87113 63 85/15 

4 2d n-CSHll (CH2)8OH 93/7 83 92/8 

5 2e  H n-CIoH21 - -  36 
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