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888. The Mechanism of Epoxide Reactions. Part X.I The Reactions 
of (Epoxy ethyl) benzene with m - Chloro -, 3,4 -Dirneth yl-, and o - ( H  ydrox y- 
methyl) -benxylarnine 

By R. M. LAIRD and R. E. PARKER 
Rate constants have been determined at  three temperatures for the 

reactions of (epoxyethy1)benzene with m-chloro- and 3,4-dimethyl-benzyl- 
amine in 99.8% ethanol. Product analyses have been carried out by infrared 
spectroscopy and the results used to calculate the rate constants for normal 
and for abnormal attack. Rate constants have also been obtained for the 
reaction of (epoxyethy1)benzene with o-(hydroxymethy1)benzylamine in 
ethanol and in methyl cyanide. The mechanism of the reactions is dis- 
cussed and the effect of substituents analysed in terms of linear free-energy 
relations. The reaction with o-(hydroxymethy1)benzylamine shows some 
evidence of " built-in solvation." 

ALTHOUGH a number of studies have been made of the effect of change of the attacking 
nucleophile on the ring-opening reactions of either a symmetrical epoxide 293 or an un- 
symmetrical one undergoing essentially unidirectional attack,"' no systematic study has 
been made of the effect of change of nucleophile on the reactions of epoxides that undergo 
appreciable attack at  both the normal and abnormal positions. (Epoxyethyl) benzene 
is such an epoxide and we have accordinglymeasured the rates of its reactions with two 
nuclear-substituted benzylamines. This is complementary to our previous investigation 
of the reactions of benzylamine with a series of nuclear-substituted (epoxyethyl)benzenes.8 

The overall rate constants were obtained by following the decrease in concentration of 
the benzylamine, determined spectrophotometrically as its anil with salicylaldehyde, and 
the ratios of the isomeric products were determined by comparison of the infrared spectrum 
of the product with that of each pure isomer synthesised unambiguously. The reactions 
obeyed the second-order rate law and they were shown to be of the first order with respect 
to oxide and to amine. Hence the overall rate constants may be divided in the ratio of the 
isomeric products to give the second-order rate constants for normal (kN) and for abnormal 
(kA) attack. As before, complications due to further reaction of the products with 
(epoxyethy1)benzene were minimised by the use of a four-fold excess of amine.g910 

In Parts VI l1 and VIII l2 it was shown that change of solvent has a marked effect on 
the reactivity at both positions of an unsymmetrical epoxide and, in particular, that hydro- 
xylic solvents exert a specific rate-enhancing effect. In  order to investigate this effect 
further and to determine whether a suitably placed hydroxylic group can provide " built- 
in solvation " 13 in these reactions we have studied the reaction between (epoxyethy1)- 
benzene and o-(hydroxymethy1)benzylamine in ethanol and in methyl cyanide. In this 
case it was not possible to obtain an accurate analysis of the isomeric reaction products, 
but the overall reaction was shown to follow the second-order rate law and to be of the first 
order with respect to oxide and to amine in both solvents. 
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EXPERIMENTAL 
Materials.-Ethanol was dried and adjusted to 99.8% w/w as in Part I.' 

(Epoxyethy1)benzene was purified as in Part I.7 
m-ChZorobenzyZamine. 

Methyl cyanide 
was purified as in Part VIII.12 

m-Chlorobenzyl bromide (90 g.) was added during 15 min. to a boiling 
solution of potassium phthalimide (90 g.) in dimethylformamide (400 ml.) and the mixture 
was heated for a further 15 min. before isolation of the product, N-(m-chlorobenzy1)phthalimide 
(89.5 g., 70%), by the method of Shehan and B0lh0fer.l~ The phthalimido-compound (89 g.) 
was added to a solution of hydrazine hydrate (20 g.) in ethanol (700 ml.) and the resulting sus- 
pension heated under reflux for 8 hr. The product was worked up by the method of Ing and 
Manske 15 except that acidification was omitted until the whole procedure had been repeated once. 
m-Chlorobenzylamine, obtained in 55% overall yield, had b. p. 50"/0-02 mm., %,,18 1.5620. 

3,4-DimethyZbenzyZamine. 3,4-Dimethylbenzyl chloride was conveniently converted in 
3176 yield by the method of Del6pine l6 into 3,4-dimethylbenzylamine, b. p. 50°/0.02 mm., 
nD18 1.5329; hydrochloride, m. p. 216" (Found: C, 62.5; H, 7-9; C1, 20.2; N, 8.2. C,H,,,ClN 
requires C, 63.0; H, 8.2; C1, 20.7; N, 8.2%). 

Lithium aluminium hydride reduction of methyl o-cyano- 
benzoate l7 in ether or of o (hydroxyniethy1)benzamide l8 in tetrahydrofuran gave o-(hydroxy- 
methyl)benzylamine, which was isolated as its hydrochloride, m. p. 225" (from dioxan) (Found : 
C, 55.3; H, 7.1; C1, 19.9; N, 7.9. C8H12C1N0 requires C, 551.4; H, 7.0; C1, 20-4; N, 8.1%). 
The free base was very soluble in water, moderately soluble in tetrahydrofuran and dioxan, 
and sparingly soluble in ether, and had m. p. 39-40" and b. p. 112"/0.03 mm. 

Rate Measurements.-The reactions were carried out in the same way as in Part III.l0 
The anils of 3,kdimethyl-, m-chloro-, and o-(hydroxymethy1)-benzylamine had their absorption 
maxima a t  404, 406, and 404 mp (E 475, 265, and 559), respectively, in ethanol at 16". The 
absorption due to ionisation of salicylaldehyde in the presence of the secondary-amine reaction 
products was shown to be negligible a t  these wavelengths. 

Synthesis of Products .-The product isomers were synthesised by the routes used previously,* 
the normal isomers from phenacyl bromide and the appropriate benzylarnine. In  the prepar- 
ation of the abnormal isomers methyl a-bromophenylacetate (recently available by an improved 
method) was used instead of the less reactive a-chloro-compound with which there is some loss 
due to ammonolysis of the ester group.8 

2-(3,4-DimethyZbenzyZamino)-l-phenyZethanoZ was obtained in 70-80% yield and had m. p. 
99-5--100" (from ethanol-light petroleum) (Found: C, 79.9; H, 8.2; N, 5.6. C1,H,,NO 
requires C, 80.0; H, 8.3; N, 5.5%) .  

A few drops of thionyl chloride were added 
to mandelic acid (28 g.) and phosphorus pentabromide (80 g.) and, after the initial reaction had 
subsided, the mixture was added to methanol (500 ml.) and set aside overnight. The resulting 
solution was diluted to 2 1. with water and extracted with ether. Working up gave a 74% 
yield of methyl ct-bromophenylacetate, b. p. 94-96"/0-03 mm., nD18 1.5456. 

The ester was converted into 2-(3,4-dimethyZbenzyZamino)-2-phenyZethanoZ, b. p. 140-160"/ 
4 x mm., nD16 1.5702 (Found: C, 80.0; H, 8-5 ;  N, 5.6. C,,H,,NO requires C, 80.0; 
H, 8.3; N, 5.5%). 

2-(m-ChZorobenzyEamino)-l-~henyZethanoZ was obtained in 58% yield and had m. p. 70-70.5" 
(from ethanol-light petroleum) (Found: C, 68.8; H, 6.2; C1, 13.5; N, 5.3. Cl,H16C1N0 requires 
C, 68.7; H, 6.2; C1, 13.6; N, 5.4%). 

2-(m-ChZorobenzyZanzino)-2-phenyZethanoZ. Because of the low solubility of m-chlorobenzyl- 
amine in di-isopropyl ether the following modified procedure was used. 

nz-Chlorobenzylamine (4.9 g.) was allowed to react with methyl a-bromophenylacetate 
(4.3 g.) in ethanolic di-isopropyl ether at 60" for 2 hr. The precipitate of m-chlorobenzylamine 
hydrobromide (3.4 g., 87%) was removed and the filtrate diluted with diethyl ether and extracted 
twice with dilute hydrochloric acid. The extract was cautiously made alkaline with dilute 
aqueous sodium hydroxide and extracted four times with ether. The combined ethereal extracts 

o-(Hydr0xyunethyZ)benzyZamine. 

2- (3,4-DimethyZbenzyZanzino)-2-phenyZethanoZ. 
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were washed, dried (Na,SO,), and then reduced with lithium aluminium hydride to give 
2-(m-chlorobenzylum~no)-2-~henylethunoZ (1.5 g.), m. p. 56.5" (from light petroleum) (Found : 
C, 69.1; H, 6.0; C1, 14.1; N, 5.5. Cl,Hl,CINO requires C, 68.8; H, 6.2; C1, 13-6; N, 5.4%). 

2-(o- (Hydroxynzethyl)benzylamino) - 1-phenylethanol was obtained only as a viscous, hygro- 
scopic oil, b. p. 310°/10-* mm. (decomp.) (Found: C, 73.5; H, 7.6; N, 5.9. Cl,Hl,NO, requires 
C, 74.7; H, 7.4; N, 5.4%). 

Although 
distillation of the products from the reaction of o-(hydroxymethy1)benzylamine resulted in some 
decomposition, the product mixtures isolated from this reaction at  different temperatures and 
in the two solvents had spectra that were similar to each other and to that of the synthesised 
normal isomer. 

Analysis ofProducts.-The ratios of isomeric products were determined as before.8 

RESULTS 
Table 1 lists the measured rate constants ( k J ,  the measured proportions of normal 

isomers, and the rate constants for normal (h,) and abnormal (kA)  attack. The Arrhenius 
parameters and entropies of activation, together with the rate constants interpolated to 40°, 
are collected in Table 2. We estimate that the measured rate constants for the overall reactions 

TABLE 1 

Measured rate constants, proportions of normal isomers, and rate constants 
for normal and abnormal attack for the reactions of (epoxyethy1)benzene with 
substituted benzylamines in 99.8% ethanol (h,, KN, and kA in 1. mole-lsec.-') 

Substituent Temp. 105k, Normal product (%) 105K~ 1 0 5 ~ ~  
3,4-Me2 ........................ 30.4" 3-84 72 2.76 1.08 

40.0 7-12 72 5.13 1.99 
59.4 21.7 72 15.6 6.1 

m-Cl ........................... 25.3 1.51 76 1.15 0.36 
39.7 4.50 76 3.42 1.08 
59.7 15.0 77 11.6 3.4 

o-CHZOH ..................... 40.0 7.0 
40.0 0.11 * 
60.4 0.32 * 

* Reactions in methyl cyanide. 

TABLE 2 
Rate constants interpolated to 40°, Arrhenius parameters, and entropies of activation 

for the reactions of (epoxyethyl) benzene with substituted benzylamines in 99.8 % 
ethanol (AN, kA, and A in 1. mole-lsec.-l; E in kcal. mole-1; A S  in cal.mole-l 
deg.-l) 

Normal reactions Abnormal reactions 
r -I r A 

\ 

Substituent 105hN E logA A S  10'RA E logA A S  
3,4-RIe, ............ 5.13 11.7 3.9 -42.7 1.99 11.7 3.5 -44.5 
H B  .................. 4.90 13.5 5.1 -37.3 1.38 16.2 6.5 -30.9 
m-C1 .................. 3.37 13.3 4.8 -38.7 1.04 13.1 4.1 -41.9 

are accurate to f 3% or better, those for the normal reactions to f lo%, and those for the ab- 
normal reactions to &20%. These uncertainties of &lo and &20% in the rate constants 
correspond to uncertainties in E of &0-9 and fl.8, in log A of f0-6 and fl.2, and in ASS 
of f 2.7 and f 5.5, respectively. 

DISCUSSION 
Hammett p Values.-The effect of substituents in the benzylamine molecule on the rate 

of its reaction with (epoxyethy1)benzene should be unambiguous in direction, since it will 
be felt only on the bond-forming step. The rate constants should be increased by electron- 
releasing substituents and decreased by electron-withdrawing substituents. This is 
certainly the case for the overall reactions where the differences are much greater than the 
maximum possible error of 3% in the rate Constants. It is also the case for the normal 



[1965] The Mechan i sm of Epox ide  Reactions. Part X 4787 

and abnormal reactions at  40" (Table 2), although here the possible errors are greater and, 
a t  their maximum, are just sufficient to cause some blurring of the substituent effects. 
Because of this and because there are results for only three different benzylamines it may 
be thought hardly justifiable to derive Hammett p va1~es . l~  However, the two substituted 
benzylamines were carefully chosen, both to give a reasonable range of Hammett Q values 
and to have a minimum of interfering absorption in the infrared region used for the isomer 
analysis. The values of p obtained at  40" in ethanol, -0-27 & 0.13 for the normal reactions 
and -0.42 & 0.26 for the abnormal reactions, are therefore believed to be meaningful, 
the limits of error indicated being the maximum possible. In all that follows these limits 
of error have been taken into account. 

It is interesting to compare these values of p for the susceptibility of the (epoxyethy1)- 
benzene-benzylamine reaction to substitution in the amine with those obtained for 
substitution in the oxide, +047  for the normal reactions and -1.15 for the abnormal reac- 
tions (also at  40" in ethanol) .8 For substitution in the amine, both values of p are negative, 
as expected, and similarly small in magnitude. The smallness of the values supports the 
previous conclusion 2o that bond-breaking is more important than bond-forming in these 
reactions (i.e., that their transition states lie towards the SN1 extreme in the range of 
Sx2 transition states). 

In the transition states for the normal reactions the two benzene rings are approximately 
equidistant from the forming bond (Figure 1). Since it has previously been argued20 

I h~~ S+ FIGURE 1. Transition state for normal reactions 
I 

R 

that the effect of substituents in the benzene ring of the oxide is likely to be largely, if not 
entirely, on the bond-forming process in the normal reaction (because of the geometry 
of the three-membered ring) and, since the effect of substituents in the benzene ring of the 
amine will certainly also be on the bond-forming process, it might have been expected that 
the p values for substitution in the two benzene rings would be similar in magnitude (al- 
though opposite in sign). The fact that this is not so and that the p value for substitution 
in the oxide (k0.87) is much greater numerically than that for substitution in the amine 
(-0.27) may be due to the possibilities for conjugation in the oxide molecule. The benzene 
ring can conjugate with the three-membered oxide ring and, in the transition state, there- 
fore, the effect of a substituent in the benzene ring can be transmitted ciirectly to the 
forming bond through a conjugated system. No such easy transmission is possible from 
a substituent in the benzene ring of the amine because of the effective insulation by the 
CH, group of the benzylamine. 

Comparison of the p values for the abnormal reactions (- 1.15 and -0.42) is less reveal- 
ing because here the effect of a substituent in the benzene ring of the oxide is largely on the 
bond-breaking process (as is evident from the negative sign of p). 

Nucleophilicity and Basic Strength of the Benzy1amines.-The nucleophilicity in the 
series of substituted benzylamines would be expected to parallel their basicity, as measured 
by the log Kb values in water for which p is -0.72.19321 Although the solvents are different 

lo H. H. Jaff6, C h e w  Rev., 1953, 53, 191. 
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2r W. H. Carothers, C. F. Bickford, and G. J. Hurwitz, J .  Anzer. Ckem. Soc., 1927, 49, 2908. 
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and exact comparison is therefore not possible, it is noticeable that the p values for the 
reactions of the benzylamines with (epoxyethy1)benzene (-0.27 and -0-42) are lower 
numerically than the value for their reaction with hydrogen ion (-0.72). Furthermore, 
the values for the reactions with oxide would almost certainly be smaller numerically in 
water than in ethanol (cf. the smaller values in methanol than ethanol 11) and the difference 
would therefore be accentuated. Such a difference again supports the postulate that in 
the oxide reactions the bond-forming process has not proceeded very far in the transition 
state. 

Reaction with o-(Hydroxymethyl) benzyZamine.-o-(Hydroxymethyl) benzylamine was 
chosen as a reagent in the belief that its reaction in an aprotic solvent might exhibit 
" built-in solvation." l3 Models show that in its reaction with (epoxyethy1)benzene this 
amine can give rise to a cyclic transition state, with the amine hydroxyl group forming a 
hydrogen bond to the epoxide oxygen atom (the leaving group) and thereby stabilising 
the developing negative charge on this atom. In such a transition state the whole process 
of proton transfer can take place without the intervention of an external solvent molecule. 
Figure 2 shows the arrangement of the transition state for the normal reaction. 

Since product analyses could not be carried out on this reaction it is possible to compare 
only the overall rate constants. At 40" the reaction with benzylamime (where " built-in 
solvation" is not possible) is 193 times faster in ethanol than in methyl cyanide 
(105KEtoH = 6.2@ and 107KMem = 3*2612), whereas the reaction with o-(hydroxymethy1)- 
benzylamine is only 64 times faster (Table 1). In other words the reaction with o-(hydroxy- 
methy1)benzylamine in methyl cyanide is about three times faster than would otherwise 

FIGURE 2. Cyclic transition state for normal 
reaction with o-(hydroxymethy1)benzyl- 
amine 

be expected and this is evidence for " built-in solvation." The effect is not a large one 
and this is probably because of the difficulty of forming the fused six- and seven-membered 
rings (Figure 2)13 and because the direction of the hydrogen bond in the seven-membered 
ring is the reverse of that in o-(hydroxymethy1)benzylamine itself. 

The close similarity between the rates of the reactions in ethanol with benzylamine and 
with o-(hydroxymethyl) benzylamine suggests that the combined electronic and primary 
steric effect of the o-hydroxymethyl group is very small and this is in agreement with the 
findings of Sprengling and Lewis from their study of the ionisation of phenols.22 
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