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Abstract. - A 5-cyano substituent decelerates the solvolysis rate of exo-2-norbornyl brosylate 

(I-H) by a factor of 1790. - A much smaller deceleration (24-90 fold) is observed for the second- 

ary endo and for both exo and endo tertiary 2-norbornyl derivatives. - - These results support the 

occurrence of u-participation in the solvolysis of 1-H. - 

Although the 2-norbornyl cation is probably the most thoroughly studied reactive intermed- 

iate in organic chemistry,’ the controversy over the role of a-participation in the solvolysis 

of 2-norbornyl systems has not been resolved.’ The high exo/endo rate ratio in the solvolysis -- 

of the secondary 2-norbornyl brosylates 1-H and 2-H is attributed either to u-participation or - - 

to steric effects.’ The failure of aryl and methyl 2-substituents to reduce the high exo/endo -- 

rate ratios in norbornyl solvolysis is one of the central arguments against u-participation. 1 

As summarized below a 5-cyano substituent has a substantially larger effect on the solvolysis 

rate in exo-2-norbornyl brosylate (1) than in the corresponding secondary endo (2) or in either - - -- 

‘ngly support the hypothesis the exo (3) or the endo tertiary (2) derivatives. These results stro -- 

that a special electronic effect-u-participation - contributes to the 

exo-2-norbornyl derivatives. Such participation is selectively inhib 

withdrawing 5-cyano substituent. 
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The secondary exo-alcohols 7 and 8 were obtained by oxymercuration of exo or endo 5-cyano- - - - -- 

2-norbernene respectively. Oxidation of z or 8 followed by reduction with sodium borohydride 

yields the endo alcohols, 2 and lo, respectively. II is obtained by the reaction of 5-cyano-2- - 

norbornanone with methylmagnesium iodide. A Wittig reaction of 5-cyano-2-norbornanone and 

Rh3f’+CH; followed by oxymercuration yields the exe alcohol 12. The 5-cyano-2-norbornyl deri- 

vatives I-CN - 6-CN were obtained from the corresponding alcohols by standard procedures. -- 

Their solvolysis rate constants and those of the corresponding parent compounds (I-H - 4-H) are -- 

presented in Table 1. 

Table I. Solvolysis Rates of 5-Cyano-2-Norbornyl Derivatives.a 

Compound Solvent temp. (C”) k. set 
-I 

Compound Solvent temp. (CO) k*sec 
-I 

I-Hb 60% ethanol 75.0 l.2YC 6_CNb*e 60% ethanol 75.0 1.55.10-5 - 

2_Hbad 60% ethanol 75.0 2.30.10 -3 3_Hf 39 60% acetone 100.0 4.20.11I-~ - - 

I-CNb 60% ethanol 75.0 7.21*10-4 4_Hf ,g 60% acetone 100.0 2.80~10-~ - 

2-CNb 60% ethanol 75.0 2.5~4.10-~ 3_CNg 60% acetone 100.0 4.65.10-5 

5-CNb 60% ethanol 75.0 8.38.10-4 4-CNg 60% acetone 100.0 l.lY*lO 
-6 

aRate constants at other temp. wi I I be reported in the full paper. 
2b 

Measured conductometrically. 

‘Our data, assuming that k(OBs)/k(OTs) = 5.0 ; D.D. Roberts J.0rg.Chem.,~,1510(lY72).dA some- 

what higher rate was reported by J.M. Harris ,D.L. Mount,D.J. Raber,J.Am.Chem.Soc.,&,3139(iYi8). 

eExtrapolated from higher temperatures. 
f 

From ref.5.‘Measured titrimetrically. 

. 
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The 5-position is farthest removed from the reaction site; the 5-cyano group should perturb 

the system inductively but not sterically. As expected the solvolysis rates of all systems 

(I-CN - 6-CN) are decreased by the strongly electron withdrawing 5-cyano substituent, but to the -- - 

varying extents shown in Schemel. * Comparison between the solvolysis rates of 3-H and of 4-H - - 

with those of 3-CN and of 4-CN respectively (Scheme I), measures the effect of the 5-cyano 

substituent on the rate of formation of a “classical” 2-norbornyl cation. 
1 

This deceleration is 

modest, 24-90 fold both in 3-CN and in G.3 ___ The secondary endo brosylates, 2-CN and 6_CN, 

are affected to a similar extent (Scheme I) pointing to the intermediancy of “classical” 

carbenium ions. The behaviour of only one compound, the exo-2-norbornyl brosylate, is except- - 

ional ; k(l-H)/k(l-CN)=l790, i.e. 20-76 times higher than in the secondary endo (a or in the -- 

tertiary exo (3 or endo 2-norbornyl (4_) derivatives. 4,5 A special electronic effect is involved - 

in the solvolysis of I_H, u-participation of the C,C6 bond. The C,C6 bond is influenced in a 

P-exo solvolysis transition state, either hyperconjugatively when the electron demand is small - 

(e.g., Land 3. or participatively when the electron demand is greater (i.e., I-H). - The C,C6 

bond is not involved in a 2-endo solvolysis transition state. The 5-cyano substituent withdraws 

electrons from the C,C6 bond reducing its nucleophilicity and its ability to stabilize the 

transition state. u-participation is thus partially eliminated in I-CN resulting in an unusually 

high rate decleration.6 The rate decelerations due to the 5-cyano substituent are much smaller 

in 2-CN and 4-CN where u-participation is not important, - - and in 3-CN, where only C,C6 hypercon- 

jugation inhibition is involved. 

The exceptional solvolytic behaviour of I-H is also revealed in the exo/endo rate ratios. - -- 

o-participation, which is responsible for the high exo/endo rate ratios in the solvolysis of -- 

secondary 2-norbornyl derivatives is reduced in I-CN and in 5-CN resulting in much lower exe/ - 

endo rate ratios. 
4-6 

The high tertiary 3-H/4-H=l50 rate ratio, on the other hand, results -- 

mainly from steric effects and is therefore relatively insensitive to the strong inductive effect 

of the cyano substituent (3-&N/4-=39). 

I -H/2-H I -CN/Z-CN 5-CN/6-CN 3-H/4-H 3-CN/4-CN -- -- -_ -- -- 

Rate ratios* 56, 24.5 54.1 150 39 

Dipole-dipole interactions cannot explain these results. Solvolysis rate comparisons of 

I-CN, 2-CN, 5-CN and 6-CN demonstrate that dipole orientation effects are small. Thus I-CN --- - 

and 5-CN (or 2-CN and 6-CN) solvolyse at similar rates although the C5-CN bond dipole and the - - - 

C2-OBs bond dipole are nearly,antiperiplanar in I-CN, but nearly perpendicular in 5-CN. 

Rate Ratios (75OC) 1.16 1.89 



Analysis of the solvolysis products supports an SNl mechanism for I-CN - 6-CN. The same -- 

product ratio, 7/8=1.21, results from solvo,ysis of I_CN and of 5_CN. The initial orientation of 

the cyano group is unimportant. 7 The endo isomers 2-CN and 6_CN, on the other hand, yield exo - 

products with preferred retention of stereochemistry at C The 7/8 product ratios are 2.19 from 5’ -- 

2-CN but 0.48 from 6_CN. Weakly nucleophilically solvated carbenium ion pairs, which undergo 

only partial equilibration (leakage) before capture by the solvent, are proposed as the solvoly- 

sis intermediates. 

In conclusion, secondary exo 2-norbornyl derivatives are more sensitive to the inductive 

effect of a 5-cyano substitutent than either secondary endo or tertiary 2-norbornyl derivatives. 

We believe that this results from a reduction in the participation of the Cl-C6 bonding electrons 

in the solvolysis of 1-H. 
6 

- Substituents which withdraw electrons from the Cl-C6 bond more strongly 

are expected to reduce o-participation and thus the exo/endo rate ratios in secondary 2-norbornyl 
8 

-- 

derivatives even further. A comprehensive analysis of the effect of various 5-substituents5 on 

the solvolysis of secondary and tertiary 2-norbornyl derivatives will be presented in a forthcoming 

full paper. 
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