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Summary : Stabilization energies of three a-isocyanocarbonium ions relative to those of the 

parent carbonium ions have been found from fully geometry-optimized STO-3G total energies of 

all charged and neutral species and relevant j.sodesmic reactions. a-isocyanosubstitution, un- 

like a-q-anosubstitution, stabilizes all three carbonium ions considered here. The stabili- 

zation energy appears to depend upon a number of factors, electron delocalization, the inductive 

effect, and changes in steric repulsion, the latter of which arise from changes in bond angles 

in the formation of the carbonium ions from their neutral precursors. 

Recent publications 
1,2 

have examined the effect of cyano substitution on the stabilities 

of carbonium ions. Experimental evidence’ which suggested that cyano substitution in such cases 

may not have as large a destabilizing effect as had been ant.icipated was interpreted as demon- 

strating %he ambivalence of the cyano group. An inductive destabilization and a stabilizing 

charge delocalization were both attributed to the cyano substituent. PRDDO and ab initio 

calculations have been employed 
2 

wrth geometry optimization of the CC and CN bond lengths to 

examine the effect of cyano substitution on these two bond distances in a number of different 

cyanocarbonium ions. 

The present work considers three prototype carbonium ions CH3+, C2H5+ (classical form), 

and C H + 
3 7 

and the structures and the relative stabilities of these carbonium ions when a- 

substituted wi.th another electron-withdrawing species, the isocyano group. Ab initio calcu- 

lations3 wl.tY, an STO-3G basis were employed and complete optimization of all bond lengths and 

all bond ang,les was carried out to +O.OOl i and to.?‘, respectively, on the carbonjum ions 

and their u-isocyano derivatrves mentioned above as well as tlx neutral species obtained by 

addition of a hydride ion. 

The energy rcquircd to form the a-isocyano substituted cnrhonium ion from its ncutrnl 

parent can bc compnrcd with that necdcd whcrc the isocyano group is rcplaccd by hydrogen by 

employinS t!le i sodcsmic reactions (l-3) 
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TJic ch:ingcs in c!Icrgy ral calated for thcsc rcacti.011s from the gcomctry-opt irni;rd cncrgj cs of 

the individu:ll n~olrculcs can hc irxcrprctcd as stabili:.ntjon cll(:rgies 0:‘ the pnrt-iculxr u.- 

isocynnocarbon ium iorl wit iI respect to the corresponding carbonil.m ion w1lct.c i-IIC i socyano group 

is rcplacrd hy hyJrogcn. 

The three cnrbonium ions considcrcd hcrc arc all positively stabilized by adJit:icn of the 

rx-isocyano group (Table 1). 

TABLE 1 

Stabilization Energiesa of 

a-isocyanocarbonium ions 
b 

a-isocyanocarbonium Stabilization 
ion Energ) -___- 

H*CNC+ 25.6 

H;CCHNC+ 15.9 

(H3C) 2CNC 
+ 

10.6 

a Relative to the parent carbonium ion (with H re- 
placing NC) (Kcal/mole). 

b STO-3G geometry-optimized energies were employed 
for both charged and neutral species. 

However, the extent of the stabilization decreases with increasing size of t.he cation. It may 

be noted that the stabilization is largest for the primary carbonium ion and decreases as the 

degree of substitution increases. 

tution 

This trend is similar to that found with cc-cyan0 substi- 

where the stabilization energy is found to be slightly positive for the primary car- 

bonium ion but negative for the secondary and tertiary species. 

The atomic charges on the nitrogen and carbon atoms of the isocyano group as well as that 

on the carbon atom attached to the latter group are shown in Table 2 for the isocyanocarbonium 

ions and the corresponding neutral isocyanides. 

TABLE 2 

Atomic Charges on Isocyanocarbonium Ions 

and the Corresponding Neutral Isocyanides 

C N C - - - 

(H3C) 211CNC +0.095 -0.341 +O.CSS 

[ (H3C) ?CNC] + +0.405 -0.313 +0.408 

(tH3C)lIllCNC +o. 019 -0.338 +0.091 

[ (H3c)IIc:ic]+ +0.350 -0.296 +0.452 

H jCNC -0.062 -0.832 +0.098 

[H3CNC] + +0.296 -0.273 +0.503 

In all casts it can bc seen that the positive chnrgcs arc centcrcd on the two carbon atoms and 

the negori r-e chnrgc rc-mains on the rritrogcrl ::tom. It 1.5 intcrcsr in;: to note that the increnszs 

in positive charges on the two c:Irl)on atom:, and :11c dezrcnse in t!le magnitrldc of the ncg;ltive 

charge on the nitrol;xr atom r‘or!rd in passing from the nc?ltrnl i.;ocynnide to the corresponding 

ch:~rl:cxl isok.j,anidc arc simi 1.11. to lilusc f0u1lJ with the corresponding cynnidcs. In tt1c snmc 
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way a:; wj th t!lc cyani dcs, thr stahi 1 i zat i on found wi I II tltc i hoc y:~nnc:lrho~l i 11t11 ions call hc rc- 

prrscntcd iis the rcsul t OF rcs011ancr hybritli;:~tion Ilctwccn two 10I-i;IX 01‘ tl1CSC ions 

R R 
‘C+-N-_=(; 2 ‘C=N=C+ 

R’ I(’ 

Iixnminat ion oi the optimized nuclear confir,rlratjons (Table 3) rcvcals that the NC and 

II-CNC 1,ond length; in the charged isoc.yano s:~cclcs arc larger than those in the pnrcnt neutral 

isocyanide, while the C-NC distances are smal.lcr in the former than in the latter. I‘his oh- 

servatj.on provides evidence for an increased elcctrcn dclccal iznt.ion in the charged spccics 

which should presu::lably reduce the total energy. The C-+C bond length decreases in the iso- 

cyanocarbonium ions as the stabj lization energy incrcascs. Consequently it can be inferred 

that the stabilization energy increases as the extent ot the electron delocalization increases. 

In the n-isocyanocarbonium ions the charge on the alkyl group increases a.s the size 0: 

that group increases. Thus the charges on CIi2, C2114, and C3116 are 0.770, 0.843, and 0.905, 

respectively, in the isocyanocarbonium ions, while in the unsubstit.uted carbonium ions, these 

charges are 0.741, 0.778, and 0.807, respectively. Thus the charges on the alkyl groups in 

the isocyanocarboniwl ions become larger, compared to that in the unsubstituted cations, as the 

amount of substitution in the alkyl portion increases. This may be interpreted as resulting 

from a decrease in c!cctron delocalization and an increase in the inductive effect. 

Further information can he obtained by examination of the changes in the llCN(C) bond 

angles (Table 3). 

TABLE 3 

Bond Lengths” and Bond Angles 
a 

in a-i socpanocarboni um ions 

and parent neiltral molecules 

Molecule H-CNC C”-CNC C-NC NfC HCN (C) 

--- _..__--___ ___-____ 

Ci13!NC 1.092 1.446 1.446 1.171 109.9 

C2115NC 1.094 1.544 1.454 1 .li? 108.2 

C3H,NC 1.096 1.550 1.45c 1.172 107.6 

(CI12NC) + 1.117 _--__ 1.307 1.238 120.2 

(C2H4NC) + 1.117 1.516 1.322 1.216 116.8 

(C3H6NC) + ----_ 1.525 1.340 1.217 .._-__ 

* c of CH3 

a Hand lengths (i) and bond angies (“) optimi::cd to tO.OO1 i aild iO.l”, respectively. 



1004 

‘I’hcrc m-e apparent ly, then, at Iciest three i-actor-5 which must bc consj~lerctl in any 

ratiOnali iat ion of the .;izc of the stabilization cnprgy ;lncl tile ch;i!l~c:: in this cncr’gy with 

substitution in the 31kyl grotlp of the isocyanocarbonjum ior:. The electron dclocal izatjon is 

largest for the smallest isoc)-ar~ocarilonium ion and dccrcascs as Cllj groups arc added, while 

the inductive cffcct corrcspondjngly incrcascs. The stcric repulsion energy, which will be 

altered as a conscqucncc of xcometricnl Cll3ilgCS, will at lcnst. i.n part, countcrbalancc the 

cncrgctic changes produced hy shifts in rhe elec’cronic densities. 
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