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Cross Interaction Constants As a Measure of the Transition State Structure 
(Part VI). Nucleophilic Substitution Reactions of Benzyl Chlorides with
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Results of kinetic studies on the reactions of benzyl chlorides with anilines and benzylamines are reported. Analyses of the 
cross interaction constants relevant to the degree of bond formation, PXY and Axr. are carried out. The magnitudes of the 
two parameters indicated that the degree of bond formation in the transition state is the typical of that expected for an S^-2 
reaction, but the reactions with benzylamines appear to have a slightly less degree of bond formation compared with the reac­
tions with anilines.

Introduction rides has been a subject of numerous studies1 because of its
mechanistic versatility2. Some of the reactions including 

The nucleophilic substitution (S^ reaction of benzyl chlo- solvolyses exhibited borderline behaviors3 in the S;vl-SA-2
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Table 1. Second Order Rate Constants, Aj(x lO^M-^ec-1) 
and the Hammetts Px and Py 时너 Br^nsted Coefficients, M 
for the reaction of Y-Benzyl Chlorides with X・A퍼Ihws in 
MeOH at 35.0°Cc ___ _

X p-ch3 H p-Cl P-NO2

P-CH3O 2.99 1.54 1.42 0.736 -0.41

P-CH3 2.37 1.14 0.933 0.426 -0.53

H 1.48 0.585 0.468 0.179 -0.65

p-Cl 0.827 0.268 0.191 0.060 -0.80

-1.13 -1.54 -1.74 -2.19

0.41 0.55 0.62 0.77

aCorrelation coefficient; r>0.997. * Correlation coefficient, r >0.999 
for Y = H, p-Cl, p-NO2.c values are averages of 저t least two deter­
minations.

Table 2. Second Order Rate Constants, lO-^-W'1) 
and the Hammetts px and % and Br^nsted Coefficients, Bx， 
for the reactions of Y-Benzyl Chlorides with X«Benzylamines in 
쉬eCN at 55.0°Cc

p-ch3 H p-Cl p-N()2 pW

P-CH3O 16.8 14.5 13.5 10.7 -0.17
P-CH3 14.4 12.1 11.0 8.51 -0.20

H 11.5 8.84 8.23 5.89 -0.26
p-Cl 8.51 6.17 5.50 3.72 -0.32
Z -0.60 -0.75 -0.80 -0.93

B寸 0.57 0.73 0.75 0.89

q Correlation coefficients; r>0.998. b Correlation coefficients; r> 
0.995 for Y = H, p-Cl, p-NO2.ck2 values are averages of at least two 
determinations.

mechanistic spectrum rendering nonliner Hammett plots. In 
this respect, the transition state (TS) structure for the reac­
tion has been, and still is, a center of interests for many phy­
sical organic chemists.

We have been engaged in the application of cross interac­
tion constants,侑，ft； and A (> defined in eqs 1-3, to the ration­
alization of mechanistic details involved in a variety of re­
actions4.

log (kiy/kHH) (1)

log低卩/1喝，)=们・血)加+£广厶1)& +们广血)匕・血)&⑵ 

log ="儿+色•厶pKj + 人“广厶PR ⑶

We report here the results of our kinetic investigations of 
the nucleophilic substitution reactions of benzyl chlorides 
with anilines (AN) in methanol and with benzylamines (BA) 
in acetonitrile, Scheme 1. Our primary interest in this work is 
the characterization of the TS structure, in particular the 
degree of bond formation, with the use of relevant cross in­
teraction constants, and

2XRNH2+YCJLCHQ /黯厂YCJLCMNHRX

+ +NH3RX+Cr

R=CJL or C6H4CH2
X =p-CH3Of p-CH3, H or p-Cl 

Y=p-CH3, H, p-Cl or p-NO2

Scheme 1

Results and Discussion

The second order rate constants, k2, for the reactions of 
benzyl chlorides with AN in methanol at 35.0 °C and wi버 

BA in acetonitrile at 55.0 °C are summarized in Tables 1 and 
2 respectively. For both AN and BA, an electron donating 
substituent in the nucleophile e.g., X = p-CH3O, as w이' as in 
the substrate, e.g., Y = p-CH3, is seen to enhance the reac­
tivity. The reaction with the stronger nucleophile BA, ap­
pears to be slightly faster than that with AN when a dif­
ference in reaction temperature is accounted for5. The signs 
of the simple Hammett's coefficients, Px and PY, are both 
negative, indicating that bond breaking is ahead of bond for­
mation in the TS. The magnitude of Px is greater for the re­

(3)

Table 3. Cross Interaction Constants Pxy an<® obtained by 
multiple linear regression of rate constants using eqs (1) and

Px Py pxy cor coeff

AN -1.61 -0.63 -0.75 0.999
BA -0.75 -0.22 -0.22 0.999

Bx Py kXY
AN 0.56 -0.68 0.27 0.998
BA 0.73 -0.22 0.21 0.998

actions with AN, the value being approximately twice of that 
for the reactions with BA. It is well known that in general the 
P value is reduced to nearly half" when a nonconjugating in­
tervening group, such as CH2 in BA, is present in between 
the benzene ring and the reaction center, (N in BA); the 
magnitude of % therefore, indicates nearly the same degree 
of change transfer from the nucleophile옹 AN and BA to the 
substrate suggesting a similar degree of bond formation. The 
magnitudes of the Br加sted's coefficient 似=g for the two 
reaction series with AN and BA also show little diff은］trice, 
(albeit they are 이ightly greater with BA), conforming to our 
findings of an approximately equal degree of bond formation 
based on the Hammett's coefficient Px- Thus on both ac­
counts, we may conclude that the degree of bond formation 
in the two reaction series is similar. On the other hand, a 
greater | pY\ for the AN series suggests that bond breaking of 
the C-Cl bond is greater for the AN series rather than for the 
BA series \

It is, however, often misleading to judge the degree of 
bond formation based sol이y on the simple Hammett, p, or 
Bronsted, & coefficient as we have advocated time and 
again," especially when the comparison is made between 
two different reaction series as in the present work of reac­
tions with AN and BA series. We do not expect the effect of 
solvent and temperature on the selectivity parameters p and 
B to be great, since the two solvent, MeOH and MeCN, can 
be regarded as isodi이ectric" and the difference in tempera­
ture is only 20 °C.9

We have determined the cross interaction constants Pxy 
and Ayyby multiple linear regression of the rate constants k2 
using eqs (1) and ⑶ for the two reaction series and compared 
in Table 3. Reference to Table 3 indicates that the signs of 
the two constants agree between the two series but the mag­
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nitudes are different, especially | Pxrl for the BA series is less 
than one third of that for the AN series. This is remarkable 
since we would have expected a difference of about a factor 
of two6 considering an intervening CH2 group in BA, if the 
degree of bond formation were similar for the two series. 
The markedly small Sx 서 for the BA should therefore in­
dicates an involvemenr of a greater distance between the two 
reaction centers in the substrate (a-carbon) and the nucleo- 
phile(N)iOt i.e., a less degree of bond formation in the TS. 
This is further supported by a somewhat smaller | value 
for the BA series (0.21) compared with that for the AN series 
(0.27). It is therefore convincing that the BA series proceeds 
via the S^2path with slightly less degree of bond formation in 
the TS relative to the AN series.

The actual magnitude of the two \^xy\ values are well 
within the range of those for the well-known SiV2 reaction 
series47 (0.20-0.27). It appears therefore that the reactions 
with BA have a TS which is somewhat earlier, i.e.r both bond 
formation and bond breaking has progressed less, than those 
with AN. This could mean that in the MeCN solvent, having 
less electrophilic pulling effect on the leaving group, bond 
breaking becomes less than that for the reactions in MeOH 
which has a greater electrophilic assistance for the leaving 
group, despite the similar bulk solvent (dielectric) property8.

We conclude that the degree of bond formation in the TS 
for the reactions of benzyl chlorides with AN and BA is the 
typical of that expected for an Sv2reaction, but the BA series 
seems to have somewhat less degree of bond formation and 
bond breaking.

Exp@ 러 mental

Materials. The solvents4^ benzyl chlorides16, anilines^ 
and benzylamines47 were purified as needed by the methods 
described previously.

Reate Measurements. The rate was followed conduc­
tometrically. Pseudo-first-order mte constants, 衅气 det은r- 
mined by the Guggenheim method11 was plotted against 
amine concentration, feq 4) to obtain the second order rate 
constant k2 from the slope. The methanoly응es rate constant 
k1 was negligible in all cases as evidenced by the zero inter-

k?g=k[+k2 {amine (4)

cept in the plot of eq 4. More than four amine concentrations 
were used, and the correlation coefficients of the plots were 
better than 0.998 in all case응. The rate constants k2 were re­
producible to within ±5%.
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