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Introduction of halogen on the phenyl ring of primary aralkylamines lowers 
basicity relative to the unsubstituted amine. With the benzylamines this trend 
increases with the atomic weight of the halogen, with substitution in the ortho 
position and with the presence of more than one halogen substituent. Distinc­
tions dependent on halogen and ring position are not as subtle with the phenethyl-
amines. Tertiary amines, particularly those with two halobenzyl groups, show 
surprisingly low basicity. 

While correlation between pifa values and pharmacological activity-
is infrequently obtained,1-3 this constant is a measure of the ratios of 
ionized to non-ionized drugs4 and is an aid to structural insight6-8 

into the molecule. 
Detailed inspection of the pKa values of aralkylamines has reflected 

fundamental objectives9,10 as well as distinctions within the sympa­
thomimetic aralkylamines.11,12 However, the influence of halogen 
on the basicity of the pharmacologically important aralkylamine 
derivatives 1 3 _ n has received little attention. Since these laboratories 

(1) (a) J. J. Burns, T. F. Yu, L. Berger, A. Ritterband, A. B. Gutman and B. B. Brodie, J. 
Exptl. Therap., 119, 136 (1957); (b) J. J. Burns, T. F. Yu, P. Dayton, L. Berger, A. B. Gut-
man and B. B. Brodie, Nature, 182, 1162 (1938). 

(2) A. Albert, "Selective Toxicity," 2nd Edition, John Wiley and Sons, New York, N. Y., 
1960, pp. 132-144. 

(3) A. V. Tolstoouhov, "Ionic Interpretation of Drug Action," Chemical Publishing Co., 
Inc., New York, N. Y., 1955, p. 47. 

(4) Ref. 2, pp. 118, 209. 
(5) P. H. Grantham, E. K. Weisburger and J. H. Weisburger, J. Org. Chem., 26, 1008 (1961). 
(6) H. C. Brown and X. R. Mihm, J. Am. Chem. Soc, 77, 1723 (1955). 
(7) B. M. Wepster, "Progress in Stereochemistry," Vol. 2, Academic Press, Inc., New York, 

N. Y., 1958, pp. 126-130. 
(8) G. Baddeley, J. Chadwick and H. T. Taylor, J. Chem. Soc, 451 (1956). 
(9) G. Vexlearschi and P. Rumpf, Compt. rend., 236, 939 (1953). 
(10) N. F. Hall and M. R. Sprinkle, J. Am. Chem. Soc, 64, 3469 (1932). 
(11) E. B. Leffler, H. M. Spencer, and A. Burger, J. Am. Chem. Soc, 73, 2611 (1951). 
(12) M. M. Tuckerman, J. R. Mayer and F. C. Nachod, J. Am. Chem. Soc, 81, 92 (1959). 
(13) E. A. Falco, S. DuBreuil and G. H. Hitchings, J. Am. Chem. Soc, 73, 3758 (1951). 
(14) R. Baltzly, S. DuBreuil, W. S. Ide and E. Lorz, J. Org. Chem., 14, 775 (1949). 
(15) J. R. Vaughan, Jr., G. W. Anderson, R. C. Clapp, J. H. Clark, J. P. English, K. L. 

Howard, H. W. Marson, L. H. Sutherland and J. J. Denton, J. Org. Chem., 14, 228 (1949). 
(16) S. L. Shapiro, V. A. Parrino and L. Freedman, J. Am. Chem. Soc, 81, 3728 (1959). 
(17) A. L. A. Boura, F. C. Copp and A. G. Green, Nature, 184 B.A., 70 (1959). 



TABLE I 

pKa ' VALUES OF ARALKYI.AMINES V /> 

No." 
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H P ' 
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4 
H P 
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HP* 
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H P 
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H P 
9' 
HP™ 
10" 
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H P 
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H 
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m-F 
p-F 
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o-Cl 
o-Cl 
o-Cl 
o-Cl 
m-Cl 
m-CA 
p-Cl 
p-Cl 
2,4-Clj 
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2,4-Cl2 

2,4-Cl2 
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H 
H 
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C«H5CH2 
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H 
H 
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H 
CH:, 
CH, 
H 
H 
H 
CH, 
H 
H 
C2H5 

C H ^ C H C H j 
i-C3H, 

M.p., °C.6(S)C 

228-230(A) 
203(B) 
178-180(A) 
246-248(A) 
174(A) 
211(A) 
260(A) 
295(A) 
206(A) 
226-227(A) 
233(A) 
139(A) 
111-112(A) 
236(A) 
222(A) 
270(A) 
205(A) 
275-276 
238 
182-183(A) 
148-149(A) 
188-189(A) 

Formula 

C8H12C1N 
C M H J , C 1 N 

C7H9C1FN 
C13H11FN4(), 
C,H9C1FN 
C7H9C1FN 
C1 3H„FN407 

C7H9CI2N 
C H H „ C 1 N 4 0 , 

C„H„C12N 
C,4H13C1N407 

C,H„C12N 
C13H„C1N4(), 
C7H9C12N 
C8H„C12N 
C7H8C13N 
C,3H,„C12N407 

. , 

. , 

(CH2)n-
f 

-N-HCl 
1 

R2 

Carbon 
Caled. 

01.0 

44.1 
52.0 
52.0 

42.1 
50.0 

47.2 
42.1 
47.2 
50.0 

Found 

00.8 

44.3 
52.2 
52.3 

42.3 
49.7 

47.4 
42.0 
47.2 
50.2 

Analyses, %'' 
I lydrofien6' 

Caled. 

7.7 
0.0 
8.7 
3.1 
5.0 
5.0 

15.8 
7.9 
3.0 
5.8 

14.0 
5.1 
3.0 
5.1 
5.8 
0.6 

13.8 

Found 

7.8 
5.8 
8.0 
2.9 
5.9 
5.0 

10.0 
8.2 
3.1 
5.0 

14.7 
5.0 
2.9 
4.9 
5.8 
0.9 

13.7 

pKa'f 

9.03 

9.29 
8.34 
8.93 

8.87 
9.17 

8.73 

8.99 

8.88 

9.01 
9.21 
8.38 

8.42 
7.42 
8.55 
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2,4-Cl, 
3,4-Cl2 

3,4-Cl2 

3,4-Cl2 

3,4-Cl2 

3,4-Cl2 

3,4-Cl2 

o-Br 
ro-Br 
m-Br 
o-I 
o-I 
m-I 
m-I 
p-I 
p-I 

H 
2,4-Cl. 
2,4-Cl2 

H 
H 
3,4-Cl2 

3,4-Cl2 

3,4-Cl2 

3,4-Cl2 

3,4-Cl, 

t-C3H7 

H 
H 
C2H5 
C2Hs 
«-C3H7 

i-C3H7 

H 
H 
H 
H 
H 
H 
H 
H 
H 

C2H6 
H 
CH3 

H 
C2H6 

CH, 
C2Hs 
C H 2 = C H C H 2 

n-C3H7 

i-C3H, 

149(B) 
252(A) 
227(A) 
237-239(A) 
173(B) 
240-242(A) 
207-208(A) 
228(A) 
221(A) 
223(A) 
257(A) 
241(A) 
193-195(A) 
222(A) 
290(A) 
247-248(A) 

n — 1, Ri 

260-265(C) 
198-199(C) 
161-163(C) 
247-251(C) 
245-246(C) 
233-235(C) 
198-200(C) 
172-175(C) 
205-208(D) 
222-224(C) 

C,6H16CI2N407 

C7H,C13N 
C,3H10Cl2N4O, 
C„H12C13N 
C,6H14C12N40, 
C,„H„C13N 
CoHuClsN 
C7H9BrClN 
C,H,BrClN 
C,3H„BrN407 

C7H9C1IN 
C3HHIN40, 
C,H9C1IN 
C1 3H„IN407 

C7H9C1IN 
C J 3H„IN 40, 

43.0 

44.9 
41.6 
47.2 
47.2 

31.2 
33.8 

= 3,4-dichlorobenzyr'' 

CeHjoClN 
C14H14C13N 
C,6HI4C16N 
C H H H C I J N 

CI6H»C16N 
C,6H16C15N 
C17H16C16N 
C17H1SC16N 
C17H„C15N 

46 
48 

49 

.7 

.1 

.4 

43 .4 

45.1 
42.1 
47.5 
47.2 

31.1 
34.1 

46 
48 

49 

.7 

.1 

.3 

3.6 
6.6 

13.8 
5.0 
3.3 
5.5 
5.5 
6.3 
6 .3 

13.5 
5.2 

12.1 
3.4 
2 .4 
5.2 

12.1 

5.4 
4 .6 
3.6 
4 .6 

3.7 
4 . 0 
3 .4 
3.4 
4 .4 

3.6 
6.8 

13.7 
5.1 
3.2 
6.0 
5.9 
6.3 
5 .8 

13.3 
5.0 

12.3 
3.6 
2 .4 
5.0 

12.0 

5.2 
4 .9 
4 .2 
4 .5 

3 .8 
4 .3 
3.4 
3.2 
4 .4 

.67 

.61 

.59 

.60 

.55 

.82 

.45 

.66 

99 

2 
3 

2 

3 

3 

8.02 
7.01 
4.33 
7.16 
6.66 
5.30 
4.56 
3.82 
4.32 
4.32 
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M.p., °C.6(S)C nula 

2, Rj = H 

216 -218(A) 
141-142(A) C,HUCUN 
191-192(A) C,4H13C1N407 
170-171(A) C8HnCl2N 
163(A) C,4H„C1N40, 
220(A) CHuCl jN 
242--243(A) C H n B r C l N 
200-201(A) Ci4H13BrN407 
230-231(A) C8H„C1IN 
204-205(A) C14H13IN407 

204(A) CH„C1IN 
177-179(A) C14H13IN407 

270(A) CjHuCUN 
189-190(A) C14H13IN407 

" HP is the picrate of the preceding compound. '' Melting points (except compounds 30-35) were established on a Fisher-Johns melting 
point block. The block procedure gave a number of melting points which were not comparable to those cited in the literature. c & is 
recrystallizing solvent: A is propanol-hexanc; B, propanol; C, ethanol; 1), acetonitrile. d Analyses by Weiler and Strauss, Oxford, 
Kngland. " Analytical figures arc for nitrogen when shown without corresponding carbon analyses. ' Established at 0.02 M concentra­
tion in 50% methanol at 25°. Compounds 26, 28 and 30 were run in 8 0 % methanol. " p K a ' values for the corresponding X-substituted 
aniline from T). H. McDaniel and H. 0 . Brown,,/. A m. Chem. Soc, 77, 3756 (1955); the \>Ka values for the aniline analogs of compounds 
23 and 24 are from J. M. Vandenbelt, C. Henrich and S. G. Vaiiderberg, Anal. Chem., 26, 726 (1954). Oil p i t a values for the anilines, 
see also A. I. Biggs, ./. Chem. Soc, 2572 (1961). * A. E. Martell and R. M. Herbst, J. Org. Chem., 6, 878 (1941), report m.p. 260°. 
' "Handbook of Chemistry and Physics," Chemical Rubber Publishing Co., 1960, p . 158,reportm.p. 194°. ' S. Saijo, J. Pharm. Soc. Japan, 
72, 1009 (1952), m.p. 265-268°. * V. C. Brown, C. K. Bradsher, E. C. Morgan, M. Tetenbaum and P. Wilder, Jr., ./. Am. Chem. Soc, 

35 a / 

36"" 
H P 
37 
H P 
38"* 
39 
H P 
40 
HP 
41 
H P 
42 
H P 

H 
o-Cl 
o-Cl 
m-Cl 
TO-C1 

p-Cl 
p-Br 
p-Br 
o-l 
O-l 
m-1 
m-1 
p-1 
p-I 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

Carbon 
C filed. Found 

50 

35 

35 

0 

3 

3 

50.3 

35.4 

35.5 

Analyses, %d 

Hydrogen6 

Caled. Found 

7.3 
14.6 
5.8 

14.7 
7.3 
5 .9 

13.1 
4.9 

11.8 
4 .9 
2 .8 
4.9 
2 .8 

7 .3 
15.0 
5.5 

14.9 
7.2 
6 .4 

12.9 
4.5 

12.1 
5.2 
2 .8 
5.4 
2 .9 

pKu'f 

9.38 
9.13 

9.13 

9.18 
9.20 

9.10 

9.11 

9.19 

pKa'« 
Aniline 

« 

M 

78, 384(1956), m.p. 203°. ' J. v. Braun, M. Kiilm and J. Weismantel, Ann., 449, 249 (1926), m.p. 1 Ref. 1, m.p. 203°. " N. K. 

> 

o 
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Kochetkov and N. V. Dudykina, Zhur. Obshchei Khim., 26, 2612 (1956), m.p. 
248-250°. " Ref. 1, m.p. 193°. " M. Metayer and Ng. Dat-Xuong, Bull. soc. 
chim. France, 615 (1954), m.p. 275°. * S. L. Shapiro, V. A. Parrino and L. Freed-
man, J. Am. Chem. Soc, 81 , 3728 (1959). ' Ref. p, m.p. 244°. * Ref. q, m.p. 
227-229°. ' Ref. q, m.p. 231-233°. " Ref. q, m.p. 204-205°. " H. Rupe and F. 
Bernstein, Helv. Chim.. Acta, 13,457 (1930), m.p. 214-220°. w Ref. v, m.p. 212°. 
* C. W. Shoppee, J. Chem. Soc, 696 (1932), m.p. 205°. * T. Ukai, Y. Yama-
moto, M. Yotsuzukaand F. Iehimura, J. Pharm. Soc. Japan, 76, 657 (1956), m.p. 
248-250°. ' Ref. k, m.p. 240°. aa Ref. k, m.p. 237°. ab Ri = 3,4-dichloro-
benzyl unless otherwise shown. °e Ri = benzyl. ad Ri = 2,4-diehlorobenzyl. 
" Analyzed as free base, b.p. 142-146° (0.2 mm); Calcd. for Ci6HnClN: N, 4.8. 
Found: N, 4.8. af T. Sasa, J. Soc. Org. Synthet. Chem., Japan, 12, 264 (1954), 
m.p. 216-217°. °" W. N. Cannon, C. E. Powell and R. G. Jones, J. Org. Chem., 
22, 1323 (1957), m.p. 139-140°. ah D. H. and J. M. Williams, J". Chem. Soc, 
1527(1951), m.p. 215°. 

have been interested in work involving such groups,18 we have de­
termined the pK&' values of a series of such amines. These are set 
forth in Table I. 

In the monohalogenated benzylamines (other than fluoro), the 
trend relative to benzylamine follows the pattern noted with anilines 
although rlo direct resonance interaction between the ring and the 
functional group can occur because of the insulation provided by the 
intervening methylene group.19 The orlho substituent has the great­
est base weakening effect, the meta an intermediate effect, while the 
p-halobenzylamine has virtually the same basicity as the parent 
amine. It would appear that the predominant influence is an induc­
tive one with a negative field effect20 prevailing and falling off with 
distance. The greatest influence is exerted by the iodo group, fol­
lowed by the bromo and chloro groups. 

These trends are somewhat modified with the fluoro substituents 
and the relatively high basicity of o-fiuorobenzylamine suggests 
stabilization of the cation by forms such as I. Unlike the other halo­
gens, p-fluorobenzylamine is a somewhat stronger base than the parent 
amine. 

CH2 H 

& - * 
I 

(18) E. D. Weinberg, Antibiotics and Chemotherapy, 11, 572 (1961). 
(19) E. O. C. Norman, G. K. Redda, D. A. Brimaoombe, P. D. Ralph and E. M. Smith, J. 

Chem. Soc, 3247 (1961). 
(20) (a) J. D. Roberts and W. T. Moreland, Jr., J. Am. Chem. Soc, 75, 2167 (19S3); (b) 

V. Schwarz, S. Hermanek and J. Trojanek, Chem. and Ind., 1212 (1960). 
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Introduction of more than one halogen is more base weakening 
than would be expected from the pKa values of the corresponding 
monosubstituted amines.21 

N-Methylation of the haloaralkylamine has the anticipated base 
enhancing effect (about 0.2 pifa unit) as the secondary amine is 
formed. However, with 3,4-diehlorobenzylarmne, conversion to the 
secondary amine with the larger ethyl or propyl groups is associated 
with a reduction in basicity. For the isomeric 2,4-diehlorobenzyl-
amine, conversion to the secondary N-ethyl-2,4-dichlorobenzylamine 
gives virtually no enhancement. The corresponding N-isopropyl 
compound shows the expected increase in basicity over the pri­
mary amine while the N-allyl-2,4-dichlorobenzylamine is, as antici­
pated, a weaker base.9 The depression in the basicity, noted as the 
amine becomes increasingly lipophilic22 with the multiplicity of 
chlorine atoms, may result from inhibition of the stabilizing influence'23 

of solvation. 
With the halogenated /3-phenethylamines, the critical distinctions 

between the halogens are lost. Substituents in the ortho and meta 
positions afford the same basicity and are 0.1 pifa unit less basic 
than the para derivatives which, in turn, are about 0.2 pifa unit 
less basic than the parent amine. This latter observation is prob­
ably best rationalized as due to a transannular field effect22 in the 
halogenated /3-phenethylamine (we are indebted to the referee for 
this suggestion). 

As amines containing two benzyl groups were evaluated, dibenzyl-
amine showed the additive lowering of basicity6 anticipated from the 
two benzyl groups. Conversion to the tertiary amine, N-ethyldi-
benzylamine (25), had the expected base weakening influence. In­
troduction of halogen to give N-benzyl-2,4-dichlorobenzylamine (26) 
or N-benzyl-3,4-dichlorobenzylamine (28) decreases basicity by a full 
pKa. unit. Conversion of the latter to the X-ethyl tertiary amine has 
an unexpectedly large effect, decreasing the basicity by another 0.5 
pKa unit. 

The striking influence of dihalobenzyl groups is evidenced by the 
low basicity (pifa', 4.33) of X-methylbis-(2,4-dichlorobenzyl)-amine. 
The somewhat less hindered X-methylbis-(3,4-dichlorobenzyl)-amine 
(30) is more basic by a full pKa, unit but, as the larger alkyl groups 
(31-34) are added, the tertiary amines show orders of basicity char­
acteristic of aromatic amines. Also noteworthy is the effect (2 pZfa 

(21) M. Gillois and P. Rumpf, Bull. soc. chim. France, 112 (1954). 
(22) J. J. Elliott and S. F. Mason, J. Chem. Soc, 2352 (19S9). 
(23) (a) R. G. Pearson and F. V. Williams, J. Am. Chem. Soc, 76, 258 (1954); (b) R. Ci. 

Pearson, J. Am. Chem. Soc, 70, 204 (1948). 
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units) as a benzyl group (29) is replaced to give the compound with 
two 3,4-dic) i lorobenzyl groups (31). 

The high lipophilic24 character of the free bases and the noted hy­
drophobic effect of the salts (many of the hydrochlorides of these 
weak bases are soluble to the extent of less than 1% in water) would 
suggest that inhibition of solvation, purportedly a minor facto: for 
tertiary amines,25 may exist. These properties should significantly 
alter the physiological penetration of these amines.26 

With the longer chain aliphatic amines, anomalous pKa values have 
been ascribed to micelle formation.27 Aqueous solutions of amines 
here studied showed no Tyndall effect. 

A variety of other tertiary amines in which each substituent is 
electron-withdrawing gave very low pifa values.28-30 

Experimental 

Materials.—The primary haloaralkylamines and N-methylhaloaralkylamines 
were obtained through Sapon Laboratories, Lynbrook, N. Y., and Ames Labora­
tories, South Norwalk, Conn. The amines 13-19 and 25-34 were prepared from 
the haloaralkyl halide and the R2 substituted amines in aqueous alkaline aceto-
nitrile.31 

Methods.'—The simplified potentiometric procedure of Grantham6 was adapted 
for use in the determination of pi£a' values.32 Solutions of the hydrochlorides 
(0.02 molar) were half-neutralized with standard sodium hydroxide in 50% (by 
volume) of methanol,5.38 and the pH established at 25°, using a Beckman Model G 
Glass Electrode pH Meter. The use of 50% methanol as the solvent would 
provide lower pKa, values (lower apparent basicity) than use of water.33 
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