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SMALL RING COMPOUNDS-XVI 
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Absbmct-a+substitutedpheny~)cyclopropylcarbinyl p-nitrobentoate (IV), a-@-substitutedphenyI)iso- 
butyl p-nitrobenzoate (vr) and a-methylcyclopropylcarbinyl p-nitrobenzoate (V) were synthesized and 
solvolyzed in 65 ‘4 aqueous dioxan. The substituents studied were Me, Cl and OMe. A plot of the kinetic 
data obtained in the solvolysis of IV vs. (I+ was linear with slope -3.61 at 30”. The structure of the transition 
state in the solvolysis has been discussed. 

IT IS considered that the cyclopropylcarbinyl cation is stabilized by the delocaliza- 
tion of the positive charge. ’ Roberts’ has suggested an unsymmetrical bicyclo- 
butonium ion for the structure of the cation, while Schleyer’ and others3*4 have 
proposed a symmetrial bi-sected type ion. As the rate of solvolysis of I is twice as 
fast as that of II, Roberts has pointed out that in the bicyclobutonium-type ion formed 
from II, the stabilization of the cation by the Ph group through n-interaction is 
cancelled by the destabilization of the cation through the inductive electron with- 
drawing effect of the Ph grou~.~ Thus the cation would not be a true benzylic-type 
cation. Consequently, in the bicyclobutonium ion if a Ph group is substituted on the 
cr-position, the overlap between the a-orbital of the Ph group and that involved in 
the bicyclobutonium ion would not be enough to accomplish complete conjugative 
interaction. 

Me +CH, ,CHz, 
‘CH ‘=I oTs 

Ph //CH, ,CH,, 
‘CH CHz oTs 

HI+-Ph 
+ 

I II III 

On the other hand, although a cyclopropyl group stabilizes a carbonium ion more 
than a Ph group as was observed in the solvolysis of II, the cyclopropyl group in the 
9cyclopropyl-9-xanthyl cation (IV) makes a smaller contribution to the stability of 
the cation.6 These facts suggest that the character of the cyclopropylcarbinyl cation 
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depends on the structure of the ct-substituent. Thus three types are possible for the 
cation III : 

(1) The overlap between the x-orbital of the Ph group and that involved in the 
cyclopropylcarbinyl group is enough to accomplish sufficient conjugative interaction. 
(For example : bi-sected ion). 

(2) The cation possesses a character similar to a benzylic cation and the cyclopropyl 
group may contribute only inductively. (For example : classical ion.) 

(3) The positive charge is delocalized within the cyclopropylcarbinyl group and 
the resonance effect and the inductive effect of the Ph group may nearly counteract 
each other. (For example: bicyclobutonium ion.) 

A series of a-@-substituted phenyl) cyclopropylcarbinyl pnitrobenzoates (1Va-d) 
were synthesized and the substituent effect on the solvolysis of 1Va-d in 65 % aqueous 
dioxan was studied for the purpose of determining the character of the a-phenyl- 
cyclopropylcarbinyl cation. If the cation is of type (3), some abnormality in the 
substituent effect* should be observed. Furthermore, a-methylcyclopropylcarbinyl 
p-nitrobenzoate (V) and a-@-substituted phenyl) isobutyl p-nitrobenzoate (Via-d) 

Me 

IVa: X=H 
IVb: X = Me 
IVc: x=Cl 
1Vd: X=OMe 

V Vla:X = H 
Vlb:X = Me 
VIc: x=Cl 
Vld: X=OMe 

were synthesized and used to determine the difference in effect between Me and Ph 
groups or between cyclopropyl and isopropyl groups on solvolysis. The products of 
the solvolysis of IV were pnitrobenzoic acid and the corresponding a-(p-substituted 
phenyl) cyclopropylcarbinol (VII), and no rearranged product was obtained. The 
kinetics of the solvolyses of IV, V and VI were of the first order. The results are 

X 

VII 

shown in Tables 1 and 2. A plot of the kinetic data shown in Table 1 vs. o+ was 
linear with slope -3.61 at 30” (Fig 1). 

l The substituent effect might be. very small or a Hammett-type plot of the effect might not be linear. 
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TABLE ~.RNES~NSTANTSANDDEIWEDDATAAPOR so~vo~~slso~ IVad IN 65% AQUEOUSDIOYAF 

k, x l(rsec-’ 
Compound Substitueot 

Relative AE 

79.9” 30 0” 
rate (309 kcal/mol 

AS e.u 

IVa H 368 0.0189 - 1 22.4 - 12.7 
IVb Me 22.5 @2O6 0.0048 I@9 20.0 -16.0 
IVC Cl 1.52 000564 - O-3 23.8 -10.4 
IVd OMe 14.8 0.358 780 204 -6.1 

TABLET. RATESCON~TANTSFOR THE~OLVOLY~FSOF V AND Via-d IN 

65% AQtJI?.OvS DIOXAN 

Compound Substituent k, x 10s (799”) see-’ 

V 
Via 
VIb 
VIC 
VId 

- 

H 
Me 
Cl 
OMe 

3.43 x lo’ 
3.57 
8.88 
2.85 
2870 

FIG. 1 Hammett-type plot for solvolysis of 1Va-d in 65 % aqueous dioxan at 30”. 

As already mentioned, the rate of solvolysis of I being twice as fast as that of II, 
suggests that the transition state in’ the solvolysis of II is the bicyclobutonium ion. 
The results shown in Table 1 and 2, however, clearly indicate that a Ph substituent 
instead ofa Me in the a-position of the cyclopropylcarbinyl cation produces a 100-fold 
rate increase. It thus appears that the transition state in the solvolysis of IV is not the 
same as that in the solvolysis of II, and that in the former transition state, the resonance 
and the inductive effects of the Ph group are not cancelled Furthermore, the linear 
relationship between log k/k,, and o+ (Fig 1) would indicate no abnormality in the 
sdbstituent effect and the p-value of -3.61 would be reasonable for the solvolysis 
of a benzylic type compound.’ 
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The rate of solvolysis of IV is 104 times faster than that of VI which implies that 
the structure of the transition state in the solvolysis of IV is not the localized classical 
benzylic cation. These facts suggest that the cr-phenylcyclopropylcarbinyl cation is 
of type (1) and the structure of the transition state in the solvolysis of II & of type (3). 
Consequently, it may be concluded that the structure of the cyclopropylcarbinyl 
cation is not the same as a non-classical cation formed from a carbonium ion and a 
double bond not conjugated with the carbonium ion. 

EXPERIMENTAL 

a-@-Substituted phenyf) cyclopropylcurbinol (VII). psubstituted phenyl cyclopropyl ketones, prepared 
from p-substituted pbenyl y-chloropropyl ketones, were reduced with LAH in anhyd ether to give VII. 
VIIa, b.p. 75-78”/4 mm, yield 80%; VIIb, b.p. 104-106”/3 mm, yield 75 %; VIIc, b.p. llw/3 mm, yield 
77%; VIM, b.p. 121-123”/3 mm, yield 80%. 

a4pStistincted phenyl)isobutyl alcohols (VIII). The title compounds wem synthesized by a method 
similar to that used for VII. VIIla, b.p. 63-68’/4 mm, yield 75 %; VII14 b.p. 85-95”/3 mm, yield 71%; 
VlIIc, b.p. 93-100”/3 mm, yield 74%; VIIId, b.p. 11 l-l 12”/3 mm, yield 68 %. 

a-@-Substituted phenyljcyclopropylcmbinyl p-nitrobenzoate (IV) and a-(psubstituted phenyl)i.wbutyl 
pnitrobenzoute (VI). The title compounds were synthesized from the corresponding alcohols and p 
nitrobenzoyl chloride by the usual method’ preparing the pnitrobenxoate of alcohol IVa, m.p. 84-8s”, 
yield 61”/, (Found: C, 6854; H, 5.31; N, 499. CllHlsO+N requires: C, 68.67; H, 508; N, 4.71%); IVb, 
mp. 8687”, yield 650/, (Found: C, 69.24; H, 5.57; N. 4.38. C,sH,,O,N requires: C, 6944; H, 5.50; N, 
4.50%); IVc, m.p. 90-92”, yield 68”/, (Found: C, 61.89; H, 4.56; N, 4.47. C1,HIIO,NCl requires: C, 
61.55; I-I, 4.25; N, 4.22%); IVd, rap. 77-78”, yield 68%. (Found: C, 66.11; H, 5.24; N, 449. C,sH,,O,N 
requires: C, 66Q5; H, 5.24; N, 4.28%); Via, b.p. 16617o”p2 mm, yiekl70”/ (Found: C, 68.48; H, 6al; 
N, 4.73. C1 ,HI ,O*N requires : C, 68.21; H, 573 ; N, 4.68 %); VIb, m.p. 6263.5”. yield 65 “/ (Found : 
C, 69.29; H, 6.35; N, 448. C1sH1904N requires: C, 6899; H, 6.11; N, 4.47%); VIc, m.p. 74-76”, yield 
69”/, (Found: C, 61.38; H, 4.87; N, 390. C,,H,hO,NCl requires: C, 61.16; H, 4.83; N, 419%); VId. 
m.p. 54-55”, yield 67x, (Found: C, 65.85; H, 5.91; N, 405. C,sH,,OsN requires: C, 6564; H. 5.82; 
N, 4.25 %). 

a-Methykyclopropylcmbinyl pnitrobenzwte (v) was preparal from a-methylcyclopropylaubimol and 
pnitrobenzoyl chloride by the usual way,’ b.p. 141-143”/3 mm, mp. 55-56”. yield 77”/, (Found: C, 6064; 
H, 646; N, 6Q8. Calcd. for C,,H,,O,N: C, 6075; H, 637; N, 590x.) 

Kinetic experiments 
The rates of the solvolysis of the pnitrobenxoate esters in 65 % aqueous dioxan were determined using 

solne about 0015M in pnitrobenxoate esta and titrating the liberated p-nitrobenxoic acid with 0015N 
NaOH in 65 % dioxan to a phenolphthalein end point. The solvolysis of VIaA was carried out by means 
of the ampule technique. The base was frequently restandardizd against benzoic acid during the course 
of the work. 
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