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Doubt'-3 ha3 recently been oaat on the claims o f Sneen4 to have demonstrated a "unified" 

~l-S$? mechanism, in whioh an Ion-pair is involved In both the unimoleoular and bimoleoular 

steps. We now reconsider the olaim that E2 and SN2 reactions of 1-phenethyl bromide (l-PEE) 

with sodium ethoxide in ethanol proceed via a oommon ion-rir intermediate5 (Saheme I) 

instead of competitively as has been previously supposed, 
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k,S-j ether (RONt) !Ihe two pieces 

cH3 kl 
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I - 
k2.#EtT j ether in favour of the 

H 
k-1 \ k2fiNt7 j olefin meohanism in Soheme 

(H-X) 
I are (i) that the 

Scheme I 
observed kinetics 

and product ratios are in agreement with those expected for the ion-pair msohanism (which of 

course is not oompulsive evidence) and (ii) that second-order rate “oonatants”, k2., for a 

competitive SN2-.N2 scheme as calculated from Nq. (l), are not in fact constant, as oan be seen 

k 
obs - kl 

+ k2@tT . . . . . . . . . . . . . . . (1) 

from Table I. In F&(l), kobs 

@St3 = 0, 

is a pseudo first-order rate constant and kobs - k, when 

i.e. when the reaction is wholly solvolytic. 

However, Yq.( 1) does NOT represent the kinetics expected for a oompetitive SN2-E2 system. 

‘l’hs latter is shown, together with solvolytic reaotions of the substrate, in Scheme II. The 

klS and k,E steps in the Schemes are not necessarily as simple as has been illustrated, If fN 

- is the fraotion of olefin formed in all reaot- 

/ 

kl S-b ether 
ions (performed under pseludo first -order 

CH 
I3 / klE- Olefin 

conditions) consideration of the pmduat ratio 

Ph- -Dr 

‘I 
q k2flEtT -_) ether gives Sq.(2), where the rate constants per- 

H k2&%t~ + olefin 
tain to Soheme II, and consideration of the 

rate of bromide ion production givee Eq. (3). 

Scheme II From these equations arises the expression7 

shown in Nq.(4) for k2.., the separated E2 

rate %onstant for a competitive system. The fraction of styrene produced in nsutral solvolysie 

is f 
0. 

f = 
klE + k2fiEtT 

S k,E + k2$iy + k,S + k2&%t~ . . . . . . . . . . . . . . . (2) 
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k 
obs = kIE + k2&%t~ + k,R + k2&Cty . . . . . . . . . . (3) 

k2E - ‘Ekobs - fckI ..,........... (4) 

BW? 

Using rate and product data from our work and from the papers of Seen’ and Taylor*, NB 

h.ave calculated values OF k2R, which >re shown in Table I. Values of kpS, (not shown) 

LFaW ON 

0 

0.114 

0.121 

0.362 

0.533 

0.686 

0.044 

1.07 

1.432 

1.714 

10%ob*(a) 

I .l3(d) 

3.dd) 

3.dd) 

5.35(') 

6.57(') 

7.4@ 

;$l 

12,0(f) 

13.5(f) 

TABLX I 

The l-F!ER/Na(m Reaction in EtOH at 50.0’. 

f 

,%.03(d) 

0. l65(e) 

0.170(e) 

I04k2 (b) 4 
‘0 k2E b) 

21.1 4.82 

20.2 4.74 

11.7 4.00 

10.2 3.53 

9.2 3.44 

8.6 3.17 

8.2 2.94 

7.6 2.67 

7.2 2.58 

,b) 

0.4ao 

0.475 

0.352 

0.287 

0.243 

0.213 

0.177 

%l sear’ %n G’sec;’ ‘Degree of dissooiation OP sodium ethoxide ion-pairs: eee text. 

dRef. 5. ‘Interpolated Prom data in Ref. 8. f This aork: rates measured by titration 

for Rr-, &rend measured spsotrophctcmetrically. 

calculated from Eq.(5)are not constant, and their decrease with increasing~aOE~ cannot be 

attributed to a nmalal salt effcot. This is hardly surprising, since the numerical value of 

‘<2s * 
(1 -fE)kobs - ( ‘-fo)k, ,,........ a... (5) 

fFc7 

(I-f,)k, is important in determini% kpg, and it is very unlikely that k, is not subject to a 

significant salt effeot. ,The well-knoan phenomenon of lyate-ion retardation9 operating on k, 

may be responsible for some of the decrease in k2S, but qusntitativo constancy is not easily 

obtained. The use of various linear relationships betvesn k, and @aOmJ in conjunction with 

oorrections to the resultiq !c2R valuco for ion-pairing of NaOEt (seo below) yields reason- 

ably constant values except Por the second and third entries in Table I. It is impossible 

to independently asses8 the quantitative form oP the lyate ion retardation of oourse. This 

phenomenon is not important when’ k2R values are considered since fck, is insisifioant 

compared with f&cobs in almost all NaOEt@tOH systems. 

Values of kB are seen to decrease also with increasing DaCBtt. ‘Ptiia does not 

disqualify the meohanism of Scheme II, as two lines of evidence indioate that the decrease is 

caused by a normal salt effect. Firstly, if ki and kip are the respcotive rate constants for 

32 attack of free an’ and the ion-pair Na+OEt- on l-PFB,3910 consideration of m.(6) leads 

k23 = 4ki + (I-@)kip ,............. (6) 

to the oonolusion that iP %E is subject to an ion-pairing effect, a plot of kzE/(l- 4) vs. 
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d(l- d), where o< is .th3 degrse of dissociation of NaOSt ion-pairs, should be linear. 
11 

The use G in-terpolatedo(values lo does indeed lead to a linear plot (Fig. I) with oorrelat- 

ion cqefficicnt 0.999, whence ki - (7.95 LO.07) x IO 

10-4 M;'seo;' 

-4 M;'eeo;' and kip - (1.88 20.04) 1: 

It is noteworthy that values of k2 oaloulated according to E%(l) do not 

yield a linear plot of this sort , in accordance with Sneen's observation that their deoreaee 

with increasjn:: DaOEtt is not a normal salt effect. 5 

Secondly, we fine that the effect of @aOEJ on the unambiguous I2 k2E 
values for 

dehydrobromination of 2-phenethyl bromide (2-PEB), where interfering solvolyeis and substit- 

ution reactions can be ignored, parallels its effect on I-PEB E2 rater. A salt effeot on 

2-PXB rates at 55' has been reported 
12 and In 'Ihble II are shown kpE values, obtained under 

pseudo first-order conditions and calculated from Eq.(4) with fE = I.00 and k, - 0, for the 

TABLE II 

The 2-PXB/liaOEt Reaction in StOH at 5C.0c. 
(a) 

flamJ (1.1) 104kobs(b) 104k2E(0) o<(d) lo4k2E(l-PEB)(c'B) 

0.1 34.2(f) 0.495 4.90 

0.207 6.83 33.0 0.422 4.47 

0.362 11.5 31.7 0.352 4.00 

0.614 17.7 28.8 0.260 3.49 

0.844 24.1 28.6 0.213 3.17 

1.041 23.8 27.7 0.179 3.00 

%&es measured spectrophotometrically. Byrenee = WY$ in all runs. Solvolysis accounts 

for ca_. 2;6 of total reaction at lowest @aOE%tand less at other concentrations. 
b 
In sea;' 

'In X'sec;' degree of dissociation of sodium ethoxide ion-pairs, from Ref. 10. 

eCaloulated from data in Table I. fF-rom Ref. 13. 

%PEB/NaO% reaction at 50'. A plot of k2d(l-d) x. d/(1-0() is again linear; 

ki = (45.0 + 0.7) x lOA M%or', kip = (23.9 ~0.4) t lOA d'seoy' and oorrelation 

ooeffioient - 0.999. Most importantly, a plot of k2E for I-PER E. k2E for 2-PEB with rate 

constants taken at corresponding @aUEttvalues is satisfaotorily linear, with correlation 

coefficient I 0.99 (Fig. II). The slope is not unity and neither is it expected to be so. 

This is not a linsar free energy relationship, and the non-unit slops merely reflects the fact 

that the relative reactivity of OEt- m Na+OEt- differs between 1-m and 2-m. Thus the 

salt effeot on the undoubted second-order rate constants for 2-PEB debydrobromination ie 

quantitatively comparable with the salt effeot that we claim Is affecting the 1-m k2E 

values in a competitive system. Such negative salt effects are ueed by Kobnstam and oo-workers' 

in their oounter to the proposal of the QnifietV S;gl-S$ mechanian. 

While the present work does not remwe the Sneen mechanism from consideration, it does 

show that in an elimination system inherently favourable to a "unified" ion-pair mechanism, 

ths competitive v-9 saheme remains viable. A radioal change of views on birnoleoular 

elimination is not called for at this time, and prevailing ideas on transition states, 

stereochemistry, substituent effects eto. 14 need not be reoonsidered. 
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