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The synthetic utility of the gentle olefin-forming syn 
elimination of alkyl phenyl selenoxides has recently been 
demonstrated by us1 and others.2 However, attempts a t  
forming terminal olefins via the decomposition of primary 
alkyl phenyl selenoxides have been less succe~sfu l .~  We 
now report a modification that provides for facile elimina- 
tion of primary alkyl aryl selenoxides to olefins. 

In a study4 on the pyrolysis of a series of para-substitut- 
ed aryl alkyl sulfoxides, Emerson observed that electron- 
withdrawing substituents increased the rate of olefin for- 
mation, whereas electron-donating substituents decreased 
the rate. These rates were correlated by a Hammett plot 
giving 0 = f0.51. In light of this, we prepared several sub- 
stituted aryl lauryl selenoxides. Each selenoxide decom- 
posed to olefin a t  room temperature, and the effect of dif- 
ferent substituents on the rate of elimination is shown in 
Table I. We observed the same pattern as Emerson, in that 
electron-withdrawing substituents facilitated the selenox- 
ide e l i m i n a t i ~ n . ~  

Table I reveals that electron-withdrawing substituents 
on the aromatic ring increased both the rate of elimination 
and the final yield of olefin. Since the aryl-substituted sele- 
nium reagents are generally more difficult to prepare on a 
large scale than diphenyl diselenide, use of the former re- 
agents is probably not necessary for simple cases such as 
lauryl phenyl selenide.6 However, we and others3 have 
found that when there are substituents on the p and/or y 
carbons in the alkyl chain, the yield of olefin can be low 
with the unsubstituted aryl reagent even after several days. 

Table I 
Selenoxide Decompositiona 

Selenide Temp,'C T ime ,ch r  Yield,% 

2-N0,C6H,-SeR (1) 0 0.5 9 1  

4-NO2- C6H,-SeR (3) 25 1.5 93 

4-C1-C6H,-SeR (5) 25 6 -77 
C,H,-SeR (6) 25 20 7 7 d  

2-CF,-4-NO2C,H,SeR (2) 25 0.5 88 

3-CF3-C,H4-SeR (4) 2 5  2 70 

4-CH30-C,H,-SeR (7) 25 7 6 0  
a The selenide was dissolved in THF and excess (10 equiv) 30% 

H202 was added. Yields of 1-dodecene were determined by GLC 
relative to an internal standard. The selenides [R = (CH2)11CH3] 
were prepared by treating 1-bromododecane with the corresponding 
ArSeNa species, prepared in situ by reduction of the diselenide6 
(2, 4, 5 ,  6, 7) or ~e lenocyanate~  (1, 3) with sodium borohydride in 
ethanol. These are the approximate times after which further 
production of olefin was negligible, measured from completion of 
oxidation as determined by TLC. d It should be noted that there is 
a difference between this yield (77%) and that (6%) previously 
reportedla for this same substrate. We have not been able to re- 
produce the earlier low yield and a t  present have no explanation for 
this discrepancy. 

Table I1 
Selenoxide Decompositiona 

Temp, Time, Yield, 

C h % Registry no. Selenide 

C6Hs-Se-CH2- 9.5 47 
cyclo hexyl 25 48 46 53973-68-5 

cyclohexyl 25 9.5 85 53973-69-6 

cyclohexyl 25 9.5 92 53973-70-9 

4- C1- C,H,Se- CHZ- 

2- NO,- C6H4- Se- CHz- 

Reactions were run as given in Table I, footnote a. Time was 
measured from the addition of HzOz. Yields of methylenecyclo- 
hexane were determined by GLC. The selenides were prepared by 
treating the tosylate of cyclohexanemethanol with the correspond- 
ing selenide anion. 

In such cases, use of the aryl substituted reagent is essen- 
tial for a high yield. For example, Table I1 shows that the 
o-nitro substituted reagent afforded twice the yield of 
methylenecyclohexane as the unsubstituted reagent. 

The selection of the best substituted reagent is a com- 
promise between ease of preparation, yield in the alkyla- 
tion step, and yield in the elimination step. In view of this, 
o-nitrophenyl selenocyanate (13p and 4,4'-dichlorodiphen- 
yl diselenide (14)9 are among the better reagents. The di- 
chloro diselenide 14 is particularly attractive since it is as 
easy to prepare as diphenyl diselenide. Although there will 
undoubtedly be cases where the potent effect of the o-nitro 
substituent will be needed to facilitate elimination, in most 
instances the of the p-chloro substituent should suffice. 

A typical procedure is illustrated in Scheme I for the o- 
nitro case. The selenide anion 10 was treated with bromide 

Scheme I 
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11 to afford selenide 1. The selenide was not isolated, but 
was oxidized by excess hydrogen peroxide to the unstable 
selenoxide 12, which decomposed readily to 1-dodecene. 
Results of this one-pot sequence are presented in Table 111. 
Although 0-  nitrophenyl lauryl selenoxide (12) decomposes 
in higher yield (91%, Table I), the overall yield of olefin is 
not much higher than that obtained from the other sys- 
tems. This is due to the lower yield in the alkylation step 
(step a,  Scheme I). 

The effect of electron-withdrawing substituents on those 
synthetic transformations that employ electrophilic seleni- 
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Table I11 
Conversion of 1-Bromododecane to l-Dodecerlea 

Step a Step b Yield,% Anion precursor 

2-N0,-C,H4SeCN (13) 8 h r  10 hr ,25"  76 (62) 
( ~ - C ~ - C B H $ ~ ) ,  (14) 8 h r  10 h r ,25"  70 (62) 
(c,H,s~), (15) 8 h r  10 h r ,25"  59 

a Reactions were run on a 5-mmol scale, analogous to the pro- 
cedure given in the Experimental Section. Yields of 1-dodecene 
were determined by GLC, except for those in parentheses, which 
were determined by isolation. 

urn reagents1c,d*2a-c,f,g is currently being investigated in our 
laboratory. 

Experimental Section 
P r e p a r a t i o n  of 1-Dodecene. To a cooled (ice bath) suspension 

of o-nitrophenyl selenocyanate (13, 10.26 g, 0.045 mol) in absolute 
ethanol (200 ml) in a 500-ml, three-necked, round-bottom flask 
under nitrogen, sodium borohydride (1.9 g, 0.05 mol) was added in 
small batches while stirring magnetically. A dark red solution re- 
sulted. (Caution! Reduction of the selenocyanate is exothermic and 
vigorous hydrogen evolution occurs.) 1-Bromododecane (11.15 g, 
0.046 mmol) was added and the solution was stirred a t  room tem- 
perature for 8 hr. Tetrahydrofuran (100 ml) was added; and after 
cooling again in an ice bath, 30% hydrogen peroxide (39 ml, 0.45 
mol) was added dropwise over a period of 1 hr. The ice bath was 
removed and the solution stirred for an additional 8 hr. The mix- 
ture was diluted with water and extracted with hexane. The hex- 
ane layer was washed with aqueous sodium carbonate and brine, 
dried (MgS04), filtered, and concentrated under reduced pressure 
to give a dark orange oil. Filtration through alumina (hexane) gave 
upon removal of the solvent a colorless oil, which upon vacuum 
distillation (83-85', 7 mm) gave 1-dodecene (4.65 g, 62%). 

P r e p a r a t i o n  of o - N i t r o p h e n y l  Selenocyanate (13). Accord- 
ing to the procedure of Bauer,* o-nitroaniline (20.7 g, 0.15 mol) was 
added to 6 M HC1 (90 ml) contained in a 1-l., three-necked, round- 
bottom flask fitted with a mechanical stirrer and addition funnel. 
After stirring for 5 min, the suspension was cooled to Oo and a so- 
lution of sodium nitrite (12.4 g, 0.18 mol) in water (60 ml) was 
slowly added. Urea (3.5 g) was added after 20 min and the reaction 
was checked with starch-iodide paper. Sodium acetate (25 g) was 
added to give pH - 6 on pH paper. A solution of potassium seleno- 
cyanatelo in water (100 ml) was added slowly, giving a mushy, dark 
brown solid. The solid was collected, washed with water, recrystal- 
lized from 95% ethanol (700 ml), and dried in vacuo to give light 
brown crystals (22.4 g, 66%), mp 139-141' (lit. mp 142'). 

P r e p a r a t i o n  of D i p h e n y l  D ise len ide  15. (All operations 
should be carried out in a well-ventilated hood.) 

In a 3-l., three-necked, round-hottom flask, equipped with a re- 
flux condenser, mechanical stirrer, 2-1. addition funnel, and nitro- 
gen inlet, were placed 58 g (2.43 mol) of magnesium turnings and a 
crystal of iodine. The apparatus was flamed out under a stream of 
dry nitrogen and allowed to cool to room temperature. 

A solution of hromobenzene (380 g ,  2.43 mol) in 1280 ml of an- 
hydrous ether (two 1-lb cans) was placed in the addition funnel. 
The magnesium was covered with a layer of anhydrous ether and 
several millillters of neat hromobenzene were added to initiate the 
reaction. Once initiated, the reaction was stirred vigorously and 
the halide added at  such a rate as to maintain a gentle reflux (2- 
2.5 hr). Stirring of the brown solution was continued for 0.5 hr, and 
the dropping funnel was replaced with a glass stopper. 

Powdered black selenium [192 g, 2.43 mol (B & A)] was added in 
1-2-g portions (exothermic) to the vigorously stirred solution, over 
a 2.5-hr period; the resulting gray-green suspension was stirred for 
0.5 hr 

The mixture was poured into a 6-1. erlenmeyer flask containing 4 
1. of crushed ice; concentrated hydrochloric acid (375 ml) was then 
slowly added with swirling until all of the ice had melted. The con- 
tents of the flask were poured into a 6-1. separatory funnel, the 
aqueous layer was removed and extracted once with 400 ml of 
ether, and the combined organic layers were filtered through a Cel- 
ite pad into a 4-1. filtration flask. To the dark orange solution, in 
the same flask, 1600 ml of 95% ethanol, five pellets of potassium 
hydroxide, and a 3-in. magnetic stirring bar were added. The flask 
was stoppered with a one-hole cork, and a glass tube inserted, until 
it  just reached the surface of the liquid. Air was drawn rapidly over 

the vigorously stirred solution until a thick yellow precipitate was 
formed and the odor of selenophenol had disappeared. For conve- 
nience, the oxidation was allowed to proceed overnight, permitting 
most of the ether to evaporate. 

The yellow slurry was filtered on a 160-mm Buchner funnel, 
washed several times with cold 95% ethanol, sucked as dry as pos- 
sible, then dried overnight under a high vacuum at 40' to afford 
286 g (75%) of the bright yellow diselenide (mp 63-65O). 

The ethanol filtrate may be concentrated on a rotary evaporator 
to yield a second crop of diselenide; the total yield is then raised to 
7740%.  The residual red oil may be vacuum distilled to afford di- 
phenyl selenide (167', 16 mm), a by-product of this preparation. 

Diphenyl diselenide prepared in this manner is a bright yellow, 
crystalline, air-stable compound, with a faint odor. It is sufficiently 
pure for all subsequent reactions; purer material may be obtained 
by recrystallization from hexanes. 

The above procedure is a modification of a procedure'l for the 
preparation of selenophenol. 

P r e p a r a t i o n  of 4,4 ' -Dich lorodiphenyl  D ise len ide  (14). This 
light-orange solid was prepared in 75% yield from p-bromochloro- 
benzene following exactly the same procedure as given above for 
the preparation of diphenyl diselenide. 
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The mechanisms of the acid-catalyzed hydrolysis of cy- 
clic sulfites, e.g., ethylene sulfite ( l ) ,  have been studied in 
some detail.' Only recently have successful syntheses been 
described of the analogous cyclic amido sulfite^.^^^ They hy- 
drolyze in strong acid to the corresponding amino alcoh01.~ 
We now report the first kinetic study of the acid-catalyzed 
ring opening of this class of compound on 3-tert-butyl- 
1,2,3-oxathiazolidine 2-oxide (2). 

CH,-O\ I ,s=o 
CHZ-0 CH,-N 

CH2- I /  0 Bu-t 
\s=o I 

1 2 

The rate of hydrolysis of 2 in acid solution a t  room tem- 
perature is much higher than that of 1 and its kinetic be- 
havior had to be studied using stopped-flow spectropho- 
tometry. The first-order rate constants, k+, for the hydroly- 
sis of 2 in aqueous solutions of mineral acids a t  fairly low 
acidity (<2 M )  are shown in Table I. All of the acids stud- 
ied showed similar catalytic effects a t  the same molar con- 
centration. This is in marked contrast to the effect of acids 
on the hydrolyses of 1. In this latter case the catalytic effect 
of the acids falls in the order HBr > HC1 > HC104 because 
ethylene sulfite hydrolyzes by both a bimolecular (A2) and 
a nucleophilic catalysis mechanism. 

Table I 
Hydrolysis Rate, k,: (sec-I), of 2 

in Aqueous Mineral Acids 

HC10, Concn, M, at 22" 

0.10 0.20 0.52 0.72 1.04 1.56 2.06 
0.59 1.09 2.85 4.36 6.84 11.0 15.4 

HC1 Concn. A I ,  at 22" 
0.10 0.20 0.50 0.70 1.00 1.50 2.00 
0.49 1.17 2.92 4.18 6.29 10.7 15.1 

HBr  Concn, .VI, at 22" 
0.16 0.40 0.56 0.80 0.96 1.20 1.60 
0.91 2.37 3.36 5.21 6.40 8.21 12.0 

14.2 21.0 25.0 28.9 33.9 39.7 
HC104 (0.52 at Various Temp, "C 

1.99 2.85 3.96 4.93 6.39 9.85 

Analysis of the kinetic data for the hydrolysis of 2 shown 
in Table I in terms of the Bunnett approach4 leads to a w 
value of 6.8, suggesting that water is acting both as a nu- 
cleophile and a proton transfer agent. The entropy of acti- 
vation, AS: (-19.1 f 1.4 eu), calculated from the data in 
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Figure 1. Hydrolysis of 2 in water at 22': 0, HC104; ., HC104 + 
NaC104 (3.0 M ) .  

Table I also falls in the range associated with a bimolecular 
rate-determining step.j 

A t  higher concentrations of perchloric acid (>2  M )  the 
rate of hydrolysis of 2 goes through a maximum, as shown 
in Figure 1. Such rate maxima can.arise in two common 
ways, either as a result of extensive protonation of a basic 
substrate as in the hydrolysis of amides6 or the superposi- 
tion of a specific salt effect on an acid-catalyzed reaction 
such as observed in the hydrolysis of some sulfites,' phos- 
phates,s and pho~phina tes .~  In mixtures of perchloric acid 
and sodium perchlorate a t  constant ionic strength (Figure 
1) the rate a t  first increases linearly with increase in acid 
concentration and then curves over. Similar behavior has 
been observed in the hydrolysis of amides and related com- 
pounds, e.g., hydroxamic acids, and has been attributed to 
extensive protonation of the substrate.1° Such a view is 
supported by the values of the kinetic solvent isotope ef- 
fect, k1D20/klH20 (KSIE), which are 1.16, 0.67, and 0.58 a t  
0.516, 4.26, and 4.61 M perchloric acid, respectively (com- 
pargd a t  the same molar concentration of acid). A similar 
fall of the KSIE with increasing acidity observed for the 
hydrolysis of amides has been discussed by Bellll and 
Wiberg12 in terms of the increasing extent of protonation of 
the substrate and the weaker nucleophilic reactivity of D20 
compared to HzO. 

The kinetic behavior of 2, in particular the absence of 
nucleophilic catalysis, the occurrence of a rate maximum, 
and the high reactivity of 2 in acid solution, contrasts 
markedly with that of ethylene sulfite and suggests a dif- 
ferent mechanism. One possible mechanism consistent with 
such behavior assumes a rapid preequilibrium protonation 
of 2 in which protonation is assumed to occur on nitrogen 
followed by slow rate-determining attack of a water mole- 
cule a t  sulfur (eq 1 and 2). The high reactivity of 2 and the 

s=O + H+ e (1) 

I 
t.Bu 

/ \  
H t-Bu 

HIO/slaw 

OSO'OH, 

(2) 
NHBu.t NHBu-t 


