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A NOVEL ADDITION REACTION VIA AN IONIC [3 31 SIGMATROPIC REARRANGEMENT 
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Abstract The aluminum-chloride catalyzed reaction of allyllc sulfides with methyl propiolate 

resulted ln the clean formatlon of novel 1 1 adducts via ionic [3 33 sigmatropic rearrangements. 

Pencyclic reactlons of organosulfur compounds have become increasingly important as a 

general synthetic method for the carbon-carbon bond formation.' Especially, allyllc sulfides 

are of great utility because of their ability to undergo a variety of rearrangements including 

the well-known name reactions such as the Stevens ([l 23) rearrangement,2 the Wlttlg ([l 21) 

rearrangement, 
3 

the Sotmnlet-Hauser ([2.3]) rearrangement,4 and the thlo-Clalsen ([3.3]) rear- 

rangement. 
5 

Although ionic (or zwltterlonlc) species are often involved in these pericyclic 

reactions due to the unique properties of ~ulfur,~ no ionic [3 33 sigmatropic rearrangement of 

the organosulfur compounds 1s known We now report a novel Lewis-acid catalvzed addition 

reaction of allyllc sulfides to methvl proplolate (MP) via an ionic [3.3] sigmatropic rearrange- 

ment which 1s generally illustrated ln eq 1 (X=S) The idea originated ln our recent flndlnq 
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of the facile reaction of thebalne with MP ln polar solvents which could be regarded as the 

nitrogen case of eq 1 (X=NMe) ' Extension of this reaction to the organosulfur compounds would 

enhance Its synthetic utility because of the unusual versatlllty of vinyl sulfides to be formed 
8 

However, the treatment of ally1 phenyl sulfide 1 (eq 2; R=Ph) with MP ln various solvents - 
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led to only the recovery of starting materials even under drastic condltlons. It 1s now found 

that the use of aluminum chloride as a catalyst 

and results In the smooth formatlon of addition 

causes a dramatic change in their reactivltles 

product 1 (R=Ph) under mild condltlons (eq 2) 
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Thus, to a stlrred solution of MP (2 4 mnol) and AlCl3 (2.6 mmol) in dry benzene (5 ml), 1 (R=Ph, 

2.0 mmol) was added dropwlse with ice-cooling (the reaction is ez0thermzc') After stirring at 

room temperature for 2 h, the reaction mixture was quenched with ice-water, extracted with ether, 

evaporated In vacua, and chromatographed on silica gel (hexane-ethyl acetate, 8:1) to give 1 , 

(R=Ph)' In 70% yield (E/Z=76 24)", bp 145-150' (2 mm, Kugelrohr). IR (neat) 1710 cm -', 'H NMR 

(CDCl3) 6 3 06 and 3.17 (each dm, J=6.0 Hz, 2H, 76 24), 3 71 and 3.88 (each s, 3H, 24 76), 4 95- 

5 25 (m, 3H), 5.6-6 05 (m, lH), 6.98 and 7 72 (each s, lH, 24 76), and 7.2-7.5 (m, 5H). MS m/e 

234 (M+) and 125. Anal. Calcd for C13H1402S C, 66 64, H, 6 02 Found C, 66.66, H, 6 00 

Table I reveals that the reactlon proceeds equally well for the substrate bean@ various 

functional groups with E-stereoselectlvlty A slight excess of AlC13 is required for the optl- 

ma1 yield of these reactlons, while the olefln ratio 1s not affected by the amount of the Lewis 

acid used The hydroxyl group needs to be protected in this reaction (entry 7) The benzyl 

sulfide (entry 5) and a second ally1 group of dlallyl sulfide (entry 4) do not participate in 

these reactions The formatlon of these novel addltlon products can be most reasonably ex- 

plained by a two-step mechanism The soft sulfur of 1 lnltlally makes an nucleophlllc attack on 

the soft e-carbon of MP activated by AlC13 to give the zwltterlonlc intermediate which would be 
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Table I Aluminum-Chloride Catalyzed Reactlons of 1 with Methyl Propiolatea 

compound 1 mol equiv product 2b olefln rat10 
d 

- - 

entry (R= ) of AlC13 % yleldC (E/Z) 

1 '6*5- 1.3 70 76:24 

2 n-C5H11- 1.3 77 80:20 

3 cyclohexyl- 1.3 80 go-10 

4 CH2=CHCH2- 2.6e 73 78:22 

5 C6H5CH2- 1.3 73 86:14 

6 Ye02CCH2- 1.3 71 77:23 

7 HOCH2CH2- 1.3 complex mixture 

8 AcOCH2CH2- 1.3 41 71:29 

9 BrCH2CH2CH2- 1.3 83 79:21 

'All reactions were carned out in dry benzene at room temperature (2 h) using 1.0 

equlv of methyl proplolate (MP) and the qlven amount of AlC13. bSee ref 9 'Values 

reported are isolated yields 'See ref 10 e2 4 eoulv of MP was used 

MP/AlCl3 

R-S,, +----+ 
C6H6 

+ R-S / 
-02Me 

,3 aR=Ph 4 a(25%) 5 - a(25%) 

b R=cyclohexyl b ( 3 8%) b(19%) 

cIx/ / 
6 - 

z ( 2 5% 1 

C02Me 

(4) 

representedby an aluminate A. 
12 

The subsequent [3 31 sigmatropic rearrangement of thus formed 

ionic intermediate (A) gives E- and Z-products (g)13 (es 3) 

The interesting 

cyclic sulfide (6)14 

sulfides (!j)16 which 

ionic lntermedlates. 

appllcatlons can be seen ln the reactions of propargyl sulfides (2) and 

(eq 4). The former afforded allenic products (!)15 along with the vinyl 

were considered to be formed by depropargylation of the initially formed 

17 
The latter gave the ring-enlargement product l , albelt in modest yield 
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The facile formation of novel addition products lnvolvlng the allyllc migration 1s most 

noteworthy l8 These results are very suggestive of the general appllcablllty of the reaction 

(eq 1) to other heteroatoms, which is currently under investigation in our laboratory 
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