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Ona of tha fundamntal reactions of Se(11) 

coutaiuing cowxnds is the displacement of 

a group or atom bonded to selenium by a 

nucleophile. The geueral equation for such 

a reactiou ceo be vritteo a.9 follows: 

Nun + RSeL 
n+l 

- RSeNu + L- 

vherc Ruis the nucleophile,Lie theleuviog 

group and R is an alkylor arylgroup. While 

uuy exaples of ouch nucfcophilic displece- 

meut reactions are knouu, little is kuouu 

about their uchauisu(s). 

Amted reported the reaction of 

thiourea and benrenethiolsulfonete with 

b-substituted-2-uitrobenseneseleneuyl brarides 

in methanol at 25Oc. All substituteuts in- 

creased the rate compared to the unsub- 

stitumt compound. Rowever', electron 

releasing substitueats have a large rate en- 

hancing effect and consequently values of 

w-l.2 (for thioures) and -0.34 (for benzene- 

thiolsulfonate) acre calculated from rather 

poor mtt plots. Au&ad concluded that 

his data are cmpatible with a transition 

state in uhich the bonding is of the thrac 

center four-electron type. Gancus and 

Rice5 studied the rate of ths raction of 

benseneselenosulfonatee [C6E5SeS(02)Ar] vfth 

cyanide ion in a Tris buffer in 90% 

acetonitrile at 25'C. Avalue of p-+0.6 ns 

obtained from the Ramstt plot of three eo, 

pounds (Ii, b-cl, b-Ca$. 

wham lwcently pointed out that the 
addition of areneselenenyl chlorides to 

(a)- and (Z)-l-phenylpropenes can be regarded 

equallyvella~ anucleophilic displacement 

at Se(II).l Electron donating groups in the 

phenyl rings of both the l reneselenenyl 

chloride and alkene enhance the rate of 

reaction. Prom these data it is concluded 

that C-Se bondnking lags behind Se-Clbond 

breaking In the rate determining transition 

8tate. 

Severalmechanisms canbe envisioned for 

nucleophilic dieplacement reactions at Se(I1). 

A simple vay of viewing these various uch- 

aniw is by m of the reaction coordinate 

contour diasrem sham in Pieurel. 6 At corner 

Rse+ +L- + Nun 
II+1 

RSeNu +C 

B 

‘SOL 

A 

‘I 

r 

_I 

D 

SeL 

E 

Nu”+RSeL ‘SeNu” RF6L 
1 ;,“+I 

Pigure 1. Reaction coordinate contour 
diegra for nucleophilic displacet 
reactions at Se(II). 
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Aof the diagram ialocated the reactanta 

(ItsLt) and thJ*). The producte. PSe #' and I-, 

ue found at corner D. Approaching gun to 

ArSeLdthout breaking tba Se-L bond corre- 

8poadO tomovementalongthe edgaAgt0 form 

the interndiate~atcormr E. Breaking the 

Se-Lbondof ArSeLcorre8pondetomovemeat 

alongtha edge Ak3to form the selenimion 

&Se+) and L-. Cntbio diagram, an SNl-like 

mchanimim reprumted by path a. Pathb 

represents an SN2-like mchaniam and path c 

repraaents an addition-elimination mechanic. 

Viewing nucleophilic dirplac-t reactions 

intllialfay mlgguts a contin~of~hania 

betveenone extreme, the SN1-likemec~ 

(path a) and the other, the addition- 

elimination mchanim (path c). Thenature of 

g,L,Nun, and solvent will determine the 

relative energies of corners A,B,D, and g and 

consequently the mechanietic path of the 

reaction. 

Nucleophilic displacement reactions at 

S(I1) cun be viewed in a similar way.7 Rorm 

the available data. it ia concluded that these 

reactions at S(X) occur by at least two 

mechanisme. The data support an SN2-like 

mechanism for the addition of arenesulfenyl 

halides to alkenes7, the reaction of 

hydroxide ion with ArSOC28j,* and the reaction 

of cyanide ion vlth ArSSC;.g An addition- 

elimination mcheniam explaine the effect of 

changing the leaving group on the rate of 

the reaction of (C6H5)$SX with a number of 

nucleophilce 
10 

aa z~ll aa the reactionof 

emines vith areneeulfenyl chloridee. 
11 

An SN1-like =chanism for raactione of S(I1) 

oeeme unlikely since claime for the fomtion 

of sulfenicniona (aS+) have been ehown to 

be unf~unded.'~ Thus the continuum of 

uchaninme fornucleophilic displacement 

ructiow at S(I1) spans the region between 

mSN2-likemE&ni nman one extreme to an 

addition-elimination mechanism at the other 

extra. 

only limited date are available to 

analyze the ruction of nucleophilw vith 

Se(U) in this vay and roach mechanistic 

conclusions. The object of this publication 

is to provide additional kinetic and product 

data for thim type of ructlon. Specifically 

the rates and product8 of the reactions of a 

~eniumcontainingnucleophilewith 

areneulenenyl chloridee are reported and 

their machaniatic irplicationm ue diacusaed. 

MSULTS ADD DISCDSSICW 

Producta 

When equimlar quantities of benzene- 

l elenenyl chloride =d 2-chloroethyl phony1 

selenide are mixed. l,l-dichloroethane and 

diphenyldiaelenide are formed a8 products 

(equation 1). 

CsHJSeCl + C6H5SeCH2CH2CI 

I 
(II 

C6H5SeSeC6H5 + ClCH,CH,CI 

Ihe - reaction occurs vhen an excess of 

2-chloroathyl phanyl aelenide is med. When 

equtilar quantitiee of 4-chlorobenaene- 

l elenenyl chloride and 2-chloroethyl phenyl 

selenide are reacted, 1,2-dichloroethane and 

the mixed diselenide 4-ClC#4SeSeCag5 are 

formed. 

These results can be explained by a 

mechanicnn involving nucleophilic diaplac-t 

at selenenyl ~lenium by the aelenixne of 

2-chloroethyl phenyl oelenide to form the 

eelenonium ion intermediate 2 u shown in 

equation 2. 

“CH2FH2 Ar 
I 

CBHb Se :- Sea 

It Path x 

(21 

Futh y 

ArSeSoGH5 + ClCH2CH2CI 

Intermediate 2 can undergo nueleophilic 

attack by chloride ion at two locations. 

Attack at Se(X) (path x) ragenerateu the 

ructanta while attack at carbon (path y) 

forme the observed products. 

According to thenchanismin equation 

2, attack by chloride ion at carbon of 

intermediate 2 should occur by an SN2 

mechaniamleading to inversion 8tcarbon. 
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Thbuybeteotdbyruingthe 

diaatarmric 3-chlorobutyl-2 pbaeyl aelenidw. 

The ruction of equimlar quantitiar of 

benzeneselenenylcbloride and 2-115, 3-E-3- 

chlorobutyl-2 phenyl melenide form only 

2-S& 3-%5- 2.3-dichlorobutane and diphenyl- 

diaelenide. Similarly reaction of benzene- 

melenenylchloride awl 2-S& 3-EG-chloro- 

butyl-2 phenyl ralenide form only 2-I& 3-Z+ 

2.3-dicblorobutane and diphenyldimelenide. 

Tlmse resulta confirm the invereiou in 

configuration at carbon required by the 

proporad mchanim. 

Different product6 are formed when a 

large excees of areneaalenenyl chloride ie 

ured tithe reaction. Thun the reaction 

of at leaat a five-fold aces6 of either 

benaene- or 4-chlorobenzeneaelenenyl chloride 

uith 2-chloroethyl phenyl salenide forma the 

mtrical diselenide aa well as P-chloro- 

ethyl phenyl selenide dichloride 

[C6115Se(C1)2CE2Cg2Cl] . No apparent raaction 

occurs between either areneeeleneuyl chloride 

and an equimlar mixture of 1,2-dicbloroethane 

and the corresponding l y=etrlcal diselenide. 

If lean than a five-fold uceas of 4-chloro- 

benzene neleuenyl chloride is present during 

the reaction , a mixture of all four possible 

products 11, formed. This is evidence that 

the rate of the first reaction (equation 1) 

is faster thau the second. 

The different products formed in the 

preeence of exceaa areneeelenenyl chloride cau 

be explained if it is assumed that inter- 

mediate 2 is eufficieutly rtable and long 

lived to react with the excem areneaelenenyl 

chloride aa ahowu in equation 3 to form 

auotber intermediates. 

"C"27"2 
C6H5SeSeAr + ArSeCI 

&I 

It Path r 

I 
a 

Path 8 

CICH2yH2 
+ ArSe!%Ar 

CsHbSeCl 

(31 

Interudiate 1 can again mdergo reaction at 

tw l ltes. Attack at meleniu a (path r) 

regeneratea guhile attack at l elenlum y 

(path l ) forma tbe observed producta. 

The formation of the producta of the 

reaction of either equimler or excess 

benteneeelenenyl chloride end 2-cbloroethyl 

phanyl l elenide can be explained by mans of 

a mechanism involving nucleophilic dieplace- 

mnt at Se(X). The chloride ion of benaene- 

l elenenyl chloride in the leaving group and 

the Se(I1) of 2-chloroethyl phenyl eelenide 

and intermediate 2 are the nucleophilic atoms. 

Kinetic8 

The rata8 of reaction of beueene-, 

b-to1uene-, and 4-chlorobenzeneaelenenyl 

chloride with 2-chloroalkyl phenyl l elenidee 

4-s were determined by maauring the decrease 

in absorption of the l reneaelenenyl chlorides 

at 433 nm in anhydrous methylene chloride at 

25'C wing a Durrum-Cibson atopped-flow 

npectrophotometer. The kinetics were carried 

out under pseudo first order conditions to 

insure that the rate of the reaction in 

equation 1 was the one actually measured. 

All reactions were found to exhibit second 

order kinetics, first order in areneselenenyl 

chloride and first order in 2-chloroalkyl 

phenyl wlenide to at least 80% completion of 

the reaction. The rate constants are reported 

in Table 1. 

The rates of these reactions are almost 

too slov to follow by stopped flov technique. 

This is in contra.et to the rates of reaction 

of benzeneselenenyl chloride and alkenes under 

identical conditions which are near the upper 

limit of the atopped flow technique. 13 Repre- 

l entative data are given in Table 2. From 

these data ve can conclude that a carbon- 

carbon double bond is a better nucleophile 

towards Se(II) of benzeneselenenyl chloride 

than the blvalent aalenium in a 2-chloralkyl 

phenyl aelenlde. Thio la understandable In 

terms of hard and soft acid and base theory 

aa applied to nucleophilic substitution 

reactions. l4 A carbon-carbon double bond ia 

a aofterbaaethan the eeleniumatomof a 

melenide. Consequently it vould react faster 

with the relatively aoft Se(X) electrophilic 

center of the areneoelenenyl chloride, 

Varying the aubstituenta in the 

4-poaitlon of tbe phenyl ring of the 
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Table 1. Sptcific Stcond Ordtr Ihtt Conttantt for the Reaction of Stnztnt. 4-Toulutnt-, md 
4-Chlorobeuseotselaenyl Chloride vlth 2-Chloroalkyl pheuyl seleoidte in 
Methylem Chloride at 25OC. 

5 B2 % R4 

B B E Ii 4 
B B li 

CE3 r 

B 
? a 

z3 Ii Qi3: I 

CE3 
B li 

CB3 8 

CE3 
H 

CE3 CE3 9 

CE3 CB3 CB3 CR3 lo 

k;(M-‘e-‘) 

4-XC6E4StCl 

X 

CE3 
E Cl 

0.092 0.089 0.061 

- 0.095 -- 

0.35 1.40 0.13 

0.32 1.23 0.50 

0.20 0.55 0.62 

-- 0.21 --- 

_- 1.92 --- 

*gates reproducible to +5X. 

Table 2. Comparison of Bate Constants for Reaction of Btusentstlenenyl Chloride with Alktnts 
aud 2-Chloroalkyl Phenyl Stltnidts in Ifethylene Chloride at 25OC. 

Mduct 
-1 -1 

k2h * 

4 .009 

1 .095 

a 1.48 

1 1.23 

s 0.55 

9 0.21 

10 1.92 - 

* 
ref. 13. 

areneaeleuenyl chloride has little effect on 

the rate. To contrast, such substitution has 

a large effect on the reactiou of trtnt- 
l tleueuyl chloridte aud alkena~.~ Ileplacing 

any tvo hydropens on the oethyleut carbons of 

2-chloroethyl pheuyl sulfide by methyl groups 

dots have a alight rate euhancing effect. 

Replacing more thau tvo hydrogens by methyl 

groupe dose not affect the rate appreciably. 

Conclusions 

The lack of a large substitueot effect in 

this reaction meaus that there is little or no 

Alkene kF1s-l 

CB2-cg2 498 

CB3CB-CH2 4360 

(CB3)2C'CB2 3370 

Z-CB3CWiiCB3 1870 

E-Cl13CB-CBCB3 1040 

(CB3)2C-CBCg3 1880 

(CB3)2C'C(CB3)2 1230 

determining transition state. Thie suggests 

an Sg2-like mechanism in which bond-breaking 

and bond-making to stltntnyl selenium art 

nearly equivalent. This corresponds to a 

transition state near the diagonal AD in 

Pigurt 1. This is in contrast to the 

mechanism of the reaction of alkenes and 

areneselenenyl chlorides where bond-making 

to Se(II) lags behind Se-Cl bond-breaking 

in the transition atatt. Consequently the 

l tructurt of the transition atatt is located 

in the region bttwaen an S&like mechanism 

and an addition-elimination. Thue the charge on the stlenenyl l tlenium in the ratt- 
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structure 0f the rata-determining tr-ition 

statea for thue two reactiona differ. Ihie 

is the firet evidence that uu~laoph.ll~C 

dieplacmt reactiona at Se(X) may indeed 

occur by l contixuum of mecW. 

Our data clearly l rtablimh that a 

carbon-carbon double bond ia a better 

nucleophile tovard Se(U) than the l elenlm 
atom of P-chloroalkyl phenyl seleufdc. Iu 

addition to mcban.istlc ImplicatioM, thin 

obsewation hw practical significance for 

syntheds of or~oselenium coppounds. In 

general, the product0 of the reactions of 

areue- or alkaneselenenyl chlorides with a 

variety of compounds we themmelvee Se 

nucleophilee. Aa a result. they cau react 

further vlth arenewlenenyl chlorides. For 

example. Z-chloroalkyl pheuyl l elenides are 

the adducts formed by the reaction of 

areneseleuenyl with alkenea (equation 4). 

ArSeCl+ ~A++ (41 

ArSe~-~c~ +AIS~CI - [~68~+c1ctipip (5) 

These same adducts react as Se(I1) nucleo- 

philes vith areneselenenyl chlorides PB we 

hwe shoem in this wrk (equation 5). We know 

that in this cBBe the rate conatants for equa- 

tion 4 are generally about 103 greater ihan 

those for equation 5 (Table 2). Conocqumntly 

under the usual conditions, either excew 

alkene or equtilar amounts of alkene and 

areueselenenyl chloride, the rate of reactton 

5 is negligible compared to 4. Therefore 

reaction 5 till not fnterfere vith either the 

determination of the tinetics or the formation 

of a hf~h yield of the adduct in reaction 4. 

But thin uy not always be the ewe. If the 

first formed product is the better Se(II) 

nucleophile. it will never be observed since 

an moon aa It is formed It will react with 

the original Se(X) center. The xire fnter- 

eating ewe Is when the Se(I1) nucleophility 

of the original reactant and the first formed 

product are about the mane. A complicated 

rate lw and a product cwposition that varien 

vith changes In relative concentrationa of 

the original reactant.8 mi@it be expected. 

such a cwplicatiou should be kept in Jnd 

r&en attenpting the eynthesie of wlenium 

containfn~ compound8 by nucleophlllc dis- 

placement reactions at Se(X). 

-AL 

All mltf.nB poiota we uncorrected. 

Mcroanalyws uwe carried out by A.G. 

Gygli Bicrouulymim kboratory, Toronto. 

GLC uulysis v8s carried out by Using a 

Varim Aeropaph Seriem 2740 analytical 

i.natnaentequippedvith an PlD and a 2nx b 

30% Carboww 2OW on ChraPosorb P (60/80 web) 

column. All ragnetlc resonance spectra vere 

recorded in CDC13 containing (CB3)4Se (LB 

internal standard. Ethylene chloride vas 

purified as previously reported.15 Benrene- 

eelenenyl chloride YUI obtained from Aldrich 

Chemical Company and recrystallized fron 

ethylene chloride, r.p. 63.7-64.5'C (llt.16 

64'C). Bis-(4-chlorobenzene) diselenide was 

prepared aa previously reported,1 m.p. 

a5-a7Oc (lit.17 a7-aa”cj. Diphenyl 

diselenide van prepared frw benzeneselenol 

as previouely reported, 13 n.p. 62.7-63'C 

(lit?' m.p. 63'C). 2-Chloroethyl phenyl 

selapide MB prepared by the addition of 

equimolar eta of ethylene and benzene- 

selenenyl chloride in methylene chloride as 

previously reported. lg 2-Chloroethyl 

phenyl selenide dichloride ~a.9 prepared by 

the reaction of Cl2 to 2-chloroethyl phenyl 

selenide by the procedure previously 

reported. 2o The two diwtereamere of 2.3- 

dichlorobutane were prepared by adding Cl2 

~a8 to E- and Z-2-butene according to the 

method of Poutsma. 21 

Beaction of areneselenenyl chloride and 

2-chloroethyl phenyl selenide. 

1s) Equfmolar concentration of benzeneeel- 

anew1 chloride. To 0'225 B. (l.Otil) of 

2-chloroethyl phenyl wlenlde in 1M CB2C12 

"aa alowly added with atirrinS l&L of an 

l qdlar CB2C12 solution of benzeneselenenyl 

chloride at room temperature. After standing 

for 30 minutes, the reaction mixture vas 

analyzed by glc. The dichloride peak vas 

identified an 1.2-dichloroethane by epikin~ 

the reaction mixture tith an authentic sample. 

The solvent ma8 removed from the remainder 

of the reaction mixture under reduced 

prewure. The residue had l3c epectm and 

m.p. identical to that of an authentic sample 

of diphenyl dl~elenide. (b) excew benzene 

l el-yl chloride. Aprocedure l imilwto 
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(a) ve. folloued except tbat a wlution of 

1.05 g (5.5 ml) of beazaneealwenyl 

chloride in 20 UL CB2Cl2 vae wed. The wlid 

obtained after t-d of l olvwt uw 

separated by tic Into tw corpooanta. The 

l3C , 'H epectra and melting point8 of the 

tuo producta vara idwtical to thaw of 

authentic l amplaa of diphanyl diaelenida and 

2-chloroethyl phenyl l elenida dichloride. 

(c) ewlmolar concmtration of 4-chloroben- 

zweselenwyl chloride. 

The aaaa procedure an In (a) urns uwd 

except that a solution of 0.240 g (1.07 ml) 

of 4-chlorobenzenewlenenyl chloride in l(hnL 

CR2C12 wae wed. After rewval of the 

aolvent, w oil remained. [Found C.41.5; 

H, 2.6; Cl, 10.1. C12R9Se2Cl require8 C. 

41.6; 8. 2'6; cl, 10.21. 

(d) =cese 4-chlorobenzeneealenenyl chloride. 

A procedure ainilar to (a) vaa wed except 

that a solution of 1'32 g (5~9wol) of 

4-chlorobenrweeelenwyl chloride in PM,, 

CR2C12. The aolid obtained after removal 

of the solvent wee identified by the method 

in procedure (b) to be a mixture of bie- 

(4-chlorobenrene) dlwlwide and 2-chlorethyl 

phenyl eelmide dichloride. 

Reaction of benzenerelenenyl chloride and 

3-chlorobutyl-2 phenyl selenide. 

To 0.250 g (l~Olmno1) of 3-chlorobutyl-2 

phenyl eelenlde In 1OmL CR2C12 vae elwly 

added with stirring at room temperature a 

e0luti00 0f 0.200 g (1.05wml) of benzene- 

selenenyl chloride. After standing at room 

temperature for approxinately 30 min., the 

reaction olxture was analyzed by glc. SPikm4 

with authentic samples identified the product 

of the reaction of 2-RS, 3-RS-3-chlorobutyl-2 

phenyl wlwide ae 2-SR, 3-RS-2,3-dichloro- 

butane. The product of reaction of 2-SR, 

3-RS-3-cblorobutyl-2 phenyl selenide formed 

2-RS, 3-RS-2,3-dichlorobutane me product. 

Rinetice. 

The rate data ware obtained by the method 

previously reported 19 except that 2-chloro- 

alkyl pheoyl selenide vas wed instead of 

walkwe. 

Envlr owental QualityLabor8tory. California 
Inetitute of Technology, Aare this publica- 
tion van vritten. 
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