c,:—"_’O
Cz}Zz] = Ca]Za[

and hence (2) can be written as

122 [N ]

_ 1z
A(wn) = Z + 12 I:]Zz])\? + 1Z:]88

Zy M ]
PRSI FAPY
(3)

If we take Ay - = 76.36, Ab,++ = 59.4, and using

the relationship 3 ¢,Z? = 6c where ¢ is the salt con-

centration in formular weight of CaCl, per liter of
solution, we obtain by combining (1) and (3)

Dearr X 108 = 0.791 — 0.808 /¢ (4)
and
Dei- X 108 = 2,033 — 1.729 /¢ (5)

for the self-diffusion of Ca**and Cl1-, respectively,
in dilute calcium chloride solutions.

Values of Dca++ X 105 and Dgi- X 10° are
plotted vs. v/¢ in Fig. 1. The two straight lines in
the dilute concentration range represent equations
(4) and (5), respectively.

2.0

1.5

1.0

D X 105,

0.5

0.0 N . ) " .
0.0 0.4 0.8 1.2 1.6 2.0 2.4
Ve
Fig. 1.—Self-diffusion coefficient of Ca** and Cl- in
CaCly(aq.) at 25°: @, self-diffusion of Cl—; O, self-diffusion
of Ca*™,

It can be noticed from Fig. 1 that as the concen-
tration of calcium chloride solution decreases con-
tinuously to zero the self-diffusion coefficients of
both Ca*t+and Cl— appear to approach the Nernst’s
limiting values from above the two straight lines
representing Onsager’s equations (4) and (5). This
tendency of approaching the limiting value from
above Onsager’s equation appears to be especially
apparent in the self-diffusion of calcium ion. It is
interesting to recall that an analogous behavior
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exists in the transference number data of calcium
ion in dilute aqueous calcium chloride solutions.?

The general shapes of the curves in Fig. 1 are in
apparent agreement with the general qualitative
interpretation suggested in the three preceding pa-
pers of this series.! Thus because of the larger mean
radius of the hydrated calcium ion and the fact that
calcium chloride is a 2-1 electrolyte, all the pre-
viously mentioned “distortion-effect” on the struc-
ture of solvent water, “‘effect of sharing of hydra-
tion,” etc., should become important at lower
formular concentration of the salt for calcium chlo-
ride than for sodium or potassium chloride solutions.

It may also be noticed from the values listed in
Table I that the ratio of the self-diffusion coefficient
at infinite dilution to that in 5.36 formular wt. per
liter calcium chloride solution is approximately 13
for Cl~ and 8 for Cat+. The ratio of viscosity of
5.36 formular wt. per liter calcium chloride solution
to that of pure water at 25° is about 11.

Acknowledgment.—This work was supported by
contract AT(30-1)-1375 between the U. S. Atomic
Energy Commission and Vale University. When
preparing the present manuscript, the author bene-
fited through discussion with Professor H. S.
Harned.

(8) H. S, Harned and B. B, Owen, ''Physical Chemistry of Elec-
trolytic Solutions," 2nd Ed., Reinhold Publ. Corp., New York, N. Y.,
1950, p. 164.
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Local Anesthetics. III. Modifications of 3’4~
Methylphenoxyethyl B-N-Methylbenzylamino-
ethyl Ether

By Howarp B. WRIGHT AND M. B. MoORE
RECEIVED DECEMBER 5, 1952

In papers I and II we have reported that the
salts of aryl alkamine ethers ArOR’NR,!® and aryl-
oxyalkyl alkamine ethers ArOR’OR’NR,'® in
which Ar is an aryl, R’ and R” are alkylene and R
is an alkyl or aralkyl group, have been tested as
local anesthetics. As a continuation of this work,
we have now prepared a number of compounds
related to 8-4-methylphenoxyethyl 8’-N-methyl-
benzylaminoethyl ether which was reported in
paper II'* to produce good corneal anesthesia,

Table I lists the compounds synthesized, with
pertinent physical and analytical data. *Solutions
of hydrochlorides or other salts of these ethers were
tested for local anesthetic activity by Dr. R. K.
Richards and his staff to whom we are indebted.
All these ethers displayed corneal and wheal
anesthesia but the activity was accompanied by
some irritation.

Experimental

The o-diphenoxyethoxyethyl chloride was prepared in
47.5% yield by a method Bruson? developed for analogous
compounds. The boiling point of an analytical sample
was 162° (1.0 mm.), n%p 1.5792.

Anal. Caled. for C;sHyClO.: C, 69.43; H, 6.19; Cl,
12.81. Found: C, 69.51; H, 6.29; Cl, 12.81.

(1) (a) H. B, Wright and M. B. Moore, THIS JoURNAL, 73, 2281
(1951); (b) 78, 5525 (1951).
(2) H. A. Bruson, U. S. Patent 2,115,250, April 26, 1938,
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TaBLE I
AvLkaMINE ETHERS, ArO(CH,),0(CH;):NR»
Compound .
Structural formula Time, Yield, B.p. Carbon, % Hydrogen, %
No. NR: bhr, Method % °C. Mm. Formula Caled. Found Caled, Found
1 2-CH;CH, N(CH,;)CH,CH; 45 B ¢ 218220 1.0 CuHyNO, 79,74 79.69 7.53 7.25
2 2-C_5H5C(,H4 N(CH;)CH,CeH, 24 A ¢ 210-211 0.45 C,H3pNO, 79.97 79.86 7.78 7.59
3 4-CH;C:H, CsH o N® 24 A 30 171 2.6 CisHuyNO, 72,97 72.77 9.57 9.48
4 4-CH,C:H, CsHuNb 24 A 39 180-181 3.1 CiHiyNO,  73.60 73.85 9.81 9.79
5 4-CH,;C¢H, CeH s NS° 24 A 57.5 190-191 1.1 CiyHuNO.S 65.98 66.17 8.79 8.67
6 4-CH;C¢H, N(CHjy), 24 A ¢ 191-192 4.4 CHypNO; 74.22 74.36 10.82 10.56
7 4-CH,Ce¢H, NHCH,CH(CH;), 24 A 14 156-158 2.4 CisHysNO: - 71,67 71.91. 10.03 9.81
8 4-CH;C:H, NH(CH,),CH, 24 A 20 175 2.9 CiHyNO,  72.41 73 03¢ 10.25 10.18¢
9 4-CH,0C¢H, N(CH,;)CH,CH; 3.5 B é 204-205 1.4 C,HixNO; 72.35 72.68° 7.99 8.05

¢ 1-Piperidyl radical. ? 2-Methyl-1-piperidy]l radical.
analyses. ¢ Obtained in low yield.

The benzalethylimine prepared by the method of Crom-
well®* was obtained in 759, yield. The imine, boiling point
84-88° (10 mm.), n%*p 1.5365, was hydrogenated at 1025
p.s.i. (80°) with Raney nickel for 1.5 hours in the absence
of a solvent by G. R. Stone and Morris Freifelder. The
N-ethylbenzylamine, b.p. 195-200° (747 mm.), #3* 1.5090,
was obtained in 75%, yield.?

(3) N. H. Cromwell, Tuis Journar, 68, 313 (1943).

(4) H, Zaunschirm, Ann., 2485, 279 (1888).

(5) (a) A. Mailke, Bull. soc. chim., {4] 28, 322 (1919); (b) O. Wal.
lach, Ann., 348, 73 (1905); (c) F. Kraft, Ber., 283, 278 (1890).

¢ 2,6-Dimethyl-4-thiomorpholinyl radical.

¢ Average of two

Anal. Caled. for CoHN: C, 79.95; H, 9.69. Found:
C, 80.22; H, 9.54.

All of the ethers in Table I were prepared by Method A
or B described in paper II.1*

Acknowledgment.—We are indebted to E. F. Shel-
berg, Chief Microanalyst, and his staff for the
analytical data.
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THE REACTION OF ISOPROPYLLITHIUM AND
t-BUTYLLITHIUM WITH SIMPLE OLEFINS
Str: )

Isopropyllithium! and -butyllithium? are ad-
vantageously manipulated in ether, being much
more readily prepared in this solvent than in hy-
drocarbons. However, they show in enhanced de-
gree the well known tendency of
organolithium compounds to decom- (CH:):CHCL
pose ether,®456%8 When isopropyl-
lithium is prepared and carbonated
in ether at temperatures below
—50°, hydrolysis of the resulting
solution yields the normal products,
diisopropyl ketone and some iso-
butyricacid. When however, a solu-
tion of isopropyllithium from one
mole of isopropyl chloride was al-
lowed to warm to room temperature, a reaction was
observed which caused the ether to boil, and subse-
quent carbonation yielded only diisoamyl ketone
(0.25 mole, b.p. 87° (8 mm.); caled. for CyH»O: C,

(1) H. Gilman, E. A. Zoellner, W. M. Selby and C. Boatner, Rec.
trav. chim., 54, 584 (1935).

(2) P. D. Bartlett, C. G. Swain and R. B. Woodward, THIs JOURNAL,
63, 3220 (1941).

(3) K. Ziegler and A. Colonius, Ann., 479, 135 (1930).

(4) A. Luttringhaus and G. von Saaf, Angew. Chem,, 81, 915 (1938);
Ann., 857, 25 (1947).

(5) A. Haubein, Jowa State Coll. J, Sci., 18, 48 (1943); C.A., 88, 716
(1944).

(6) H, Gilman and R. N. Clark, THis JoUrRNAL, 69, 1499 (1947).

(7) K. Ziegler and H. G. Gellert, Anxn., 667, 185 (1950).

(8) R. L. Letsinger, A. W, Schnizer and E, Bobko, Tuis JoURNAL,
78, 5708 (1951).

(CH,),CHLi

ether l, Li, —50°

77.78, H, 13.01; found: C, 77.80, H, 13.13) and 0.05
mole of isocaproic acid. Since these products could
be formed only by the addition of isopropyllithium
to ethylene (resulting from decomposition of ether),
an experiment was performed in which ethylene
was bubbled at —60° through a solution of iso-
propyllithium prepared at —50°. The ethylene was

1. COs —60°  (CH,)CHCOCH(CHy),
9. H,0, —g0°  (CHa):CHCOOH

1. COy, 0° (CH,),CHCH,CH,COCH,CH,CH(CH,),
— > (CH,;)%CHCH,CH,COOH

2. H;0 (CHa)sCHCH,CH,COCH(CH,);
|1 GHy, —60° oy, CHCH,CH,.COCH,CH,CH(CH),
5 COn —6o° . (CH):CHCH,CH,CO0H

3. H;0

readily absorbed. This solution was carbonated
without allowing the temperature to rise. Hy-
drolysis yielded diisoamyl ketone in addition to a
smaller acid fraction and residue. The diisoamyl
ketone (2,4-dinitrophenylhydrazone, m.p. 53.5-
54°) was identified by Beckmann degradation to
iscamylamine (phenylthiourea, m.p. 105-105.5°;
no depression on mixture with an authentic speci-
men, m.p. 104-105°)° and isocaproic acid (anilide,
m.p. 110.5-111°; p-phenylphenacyl ester, m.p.
70°), and by synthesis from isoamyl chloride by
carbonation of the lithium derivative.

It is clear from these experiments that iso-

(9) The melting point is given as 101-102° by M. L. Willard and
M. Z. Jones, ibid., 63, 2876 (1940).



