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ammonia, and in this respect the latter possesses
a distinct advantage over either an aqueous or
organic medium in carrying out the alkylation
reactions studied in this investigation. By using
the alkyl p-toluenesulfonates and alkyl sulfates
as alkylating agents, this advantage is combined
with the facts that the alkylations are capable of
being carried out at atmospheric pressure, and
that the final product as obtained directly from
the reaction mixture is in a high state of purity.
The latter presents a serious problem when alkyl-
ating with the alkyl halides, due to the difficulty
in separating them from the desired product by
fractionation. This is especially true in the case
of the alkylacetylenes.

The preparation of i-propylacetylene by means
of i-propyl sulfate represents, as far as is pos-
sible to ascertain, the first direct method for the
synthesis of this compound. Investigations will
be continued along this line in an attempt to syn-
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thesize various branched chain alkyl acetylenes
by means of the appropriate alkyl sulfates.

Summary

The alkylation of acetylene, phenol and alcohols
has been accomplished by means of the alkyl esters
of p-toluenesulfonic acid and sulfuric acid in
liquid ammonia.

It has been found that'the yields are increased
considerably by increasing the molal ratio of
compound alkylated to ester used, the best yields
resulting when this ratio was 2:1.

i-Propyl sulfate has been employed for the
synthesis of the corresponding branched chain
alkyl acetylene.

A modified method for the preparation of #-
butyl p-toluenesulfonate has been described.

‘A convenient method has been given for the
synthesis of n-propyl and ¢-propyl sulfates.
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Equilibria in Protium Oxide-Deuterium Oxide Mixtures

By WirLriam H. HaMILL

Ionization of a Weak Acid in H,0-D,0.—The
dissociation equilibrium expression for a weak
acid in aqueous medium of normal isotopic com-
position is expressed satisfactorily in the conven-
tional manner: K = (H*)(A")/(HA). For
isotopic mixtures an apparent equilibrium con-
stant (K, ) is defined in terms of all isotopically
variable molecular species involved in the com-
ponent equilibria. In general, for the isotopically
distinct reactants A;, B;,... and products X,

Y,,... thisis (1) and becomes (2) for a weak mono-
basic acid.
CXP(EVy. .. _
CAEBY. .. — K m
(H:O* + HyDO* + HD,O* + DONA~) _ o g
(HA + DA) (H:O + HDO + D;0) = Lap, =Ry
2

In terms of equilibria (3) to (7) of Table I, where
R = HDO/H:0, equation (2) is simply resolved
and becomes (8a). An exchange constant of the
(HO M)A + KiR + KKR?! + KK KR

(HA) (H,0) (1 + KeR) (1 + R+ R¥/Kx)

Kap_ = Ks (83)

type Ks ordinarily can be determined by experi-
ment or from spectroscopic data, or indirectly as

appears below. The evaluation of K, K,, K; de-
pends upori a knowledge of K, for Hy,O-D,0 mix-
tures. Kj; can be determined at small deuterium
concentrations where R is very small and (8a) be-
comes approximately
Kaa(l + K:R)

T+ KR (I + R + RY/Ky)
In the limit for deuterium oxide the product
KKK is obtained since (8a) becomes

K;K.KsK1/K¢ = Kpa/Kna

= Ks  (8b)

(8)

TABLE I

H:0* + HDO = HyDO* + H:0; (HiDO*) = KiR(H;0*) (3)

H:DO* + HDQ = HDiO+ + HiO; (HD:O+) = K;KR*(H1O")
4)

(DO +) = KyKiKa1R3I(HO)
(3)

HD:iO+ + HDO = DyO* + H:0;

HA + HDO = DA + H:0; (DA) = K«R(HA) (6)
H:0 + D20 = 2HDO; Ky = 3.27 (44]
QH: + HDO = QHD + H:0; K 9
QHD + HDO = QD1+ H:O; Kun i (10)
H:DO*+ + D:0 = D;O* + H:0; K = KKKy (12a)
HaO+* 4+ D10 = HD:0* + HiO; K = R:KKy (12b)

etc.

K is obtained readily at intermediate H,O-D:O
concentrations. It is clear that K, is the only
variable at constant temperature which is re-
quired to fix the ratio Kps/Kpa.
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Acetic Acid.—Sueh calculations have been
performed with the conductance data for acetic
acid of La Mer and Chittum.! Their log K,
vs. Np,o is sufficiently linear to permit accurate
interpolation of K,, at small heavy water con-
centrations. An experimental determination of
K for acetic acid is lacking but it can be deter-
mined simultaneously with K; from 8b. Equilib-
rium constants have the following values:
Ks = 093, K; = 0.344, K; = 0.138, Ky = 0.475.
These values will be used hereafter as required.
Calculated and observed values of K, , compared
in Fig. 1, agree satisfactorily. . In all graphs circles
are experimental, curves are calculated.

1.0
0.76
é \ “
¥ 0.50 S
g
i \
0.25
0
0 0.25 0.50 0.75 1.0
Np,o = AS/0.1079.
Fig. 1.

The Quinhydrone Electrode.-—The typical
equation (8a) may also be applied? to the e. m. f.
measurements on the quinhydrone electrode by
Korman and La Mer.? There are, however, the
added difficulties of a dibasic acid which requires
two exchange constants and the unknown solubili-
ties of quinone and hydroquinone (QH,) for the
mixtures H.0~D;0. By disregarding variations
in the solubilities and by applying a pseudo ex-
change comnstant,* (8a) may be applied to the

(1) La Mer and Chittum, THIS JourRNAL, 58, 1642 (1986).

(2) Equation (1) has better justification for practical rather than
for theoretical reasons, Although. this expression seems to corre-
spond to the one obtained by La Mer and Chittum,? it does not ap-
pear to bear any simple relation to the electrode reactions to be con-
sidered below for which the experimental apparent equilibrium con-
stants are of the type K4 K% . .. K}, where a + & +. . .n is the num-
bet of faradays for the electrode reaction which has A, B,...N iso-
topic variations. Empirically, however, (1) satisfactorily describes
these ¢, m, f. measurements without requiring any obviously empiri-
cal constant. :

(3) Korman and La Mer, THIS JoURNAL, 58, 1396 (1936).

(4) Since Kyp, for this dibasic acid includes the term (QH: + QHD
+ QDs) = (1 + KsR + K3KisR?), by (9) and (10) Table I, it is first
necessary to assume (1.4 BeR 4+ KpXuR?) = (1 + AR)?, Hydro-
quinone may then be treated as a monobasic acid (QH) for which
KQu/KQDp = 3.84 and.4 = K¢ = 0.55,
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calculation of K,, for the mixtures H;O-D,0.
In Fig. 2, 0.030 log K3, /Ky, is in fair agree-
ment with observed increments in e. m. f. The
failure of this equation to account for the experi-
mental minimum may be due to the unavoidable
simplifications involved.
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Fig. 2.

The Hydrogen Electrode.—The behavior of
the hydrogen electrode’ in HyO-D;O can also be
described by analogous treatment.

(HyO+ 4+ H,DOt+ 4+ HD,O* 4- D,O )2

(pm: + prp + p0.)(H:0 + HDO + D.0O)?

CU 4 KR 4 KGER + KKEGRY Koy /Kas®
(1 + 0.309R + 0.0292R?)(1 + R + R¥/K;)? &P
The ratio K,,/Ky+ approaches 0.76 in the limit
as compared to the experimentally extrapolated
value' of 0.77. The behavior of this ratio in
terms of e. m. f. vs. Np,o is a good description of;

= Knp.

the experimental curve (Fig. 3). The behavior of
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Fig. 3.

{5)- Abel, Bratu and Redlich, 2. physik. Chem., A178, 353 (1935).

(6) The requisite equilibrium constants were taken from Farkas’
*Light and Heavy Hydrogen,” Cambridge University Press, Lon-
don, 1935, pp. 180 £,
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the hydrogen electrode in alkaline media may be
described similarly once the exchange constant for
the hydroxyl ion has been evaluated from the
e. m. f. data. This constant has the value K =
0.348. Calculated and experimental values, in
good agreement, are compared in the upper curve
of Fig. 3.

Hydrogen Ion Equilibria.~—The following ex-

pression (9a) is of considerable interest. It is
(H,0D* + HDOD* 4 D,OD*)(H.0) _ Ko =K
(H,OH* + HDOH* + D,OH")(BDO) *» (9')
» 3
(Ks + KKR + KK KoRY) X, (9b)

(1 + KR + K K.RY)
readily converted to (9b) and K, is seen to have
the limiting values Ky = K3 = 0,93 in H;0 and
K, = K; = 0.138 in D;0. This equilibrium has
been expressed in the simplified manner of (10).%7
In accordance with the considerations above,
however, Kj, must be considered the limiting value
in D;O of an apparent constant and is not to be

(7) Hamill and La Mer, J, Chem. Phys., 4, 395 (1936},
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confused with (11) which is a true equilibrium
expression (if the existence of HiO+*, etc., be
granted).

<+
(——(111)+))((111{1’)cg) = Ky = 0.141

(D;0%) (H,0)
(H,O%) (HDO)3
The various equilibria involved in the conduct-
ance of strong acids® are readily evaluated. In
addition to the fundamental equilibria (3, 4, 3)
there are the equilibria (12), Table 1.
The author is grateful to Prof. V. K. La Mer
for helpful eriticism.
Summary
Upon the basis of the assumed existence of the
ions H,Ot, H;DO?, HD,O* and D;O* it is pos-
sible to describe consistently the behavior of
conductance and e. m, f. data in HsO-D;O mix-
tures in terms of the various isotopic equilibria.
(8) Baker aud La Mer, sbid., 8, 408 (19885).
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(10)

= KKKy = 0.044 (11)
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Claisen Type Condensations with Quinaldine and Related Ammono Ketone Ethers

By F. W. BERGSTROM AND ALAN MOFFAT

. . C H
Quinaldine, C.H.<N | -

. = ]

ketone ether), has long been known to undergo
many of the reactions of an aquo ketone, in which
one of the two groups attached to carbonyl is
methyl. Previous work bearing out this state-
ment has been reviewed briefly in earlier articles,?
where it was shown that quinaldine and other
2-alkylquinolines react with the alkali amides in
liquid ammonia to form salts which can be alkyl-
ated. In the presentinvestigation, it will be shown
that quinaldine and many related compounds
undergo the Claisen condensation with aromatic
esters in the presence of potassium amide. Quin-
aldine and lepidine (an expanded ketone ether of
the ammonia system (Ingold) or a vinylog of
quinaldine (Fuson)) are known to react with
diethyl oxalate in absolute ether in the presence
of potassium ethylate®* to form quinaldine and
lepidine oxalic esters. Another possible Claisen

(a cyclic ammono

(1) Presented at the Pittsburgh meeting of the American Chemical
Society, September, 1938.

(2) Bergstrom, THI8 JOURNAL, 88, 3027, 4065 (1931).

(3) Wislicenus and Kleisinger, Ber., 48, 1141 (1909),

condensation of this type occurs when quinaldine
reacts with diethyl phthalate, in the presence
of sodium metal.4

Discussion of the Experimental Results

2-Phenacylquinoline (w-benzoylquinaldine, a-
quinolylacetophenone) is prepared readily and
in fairly good yield by the action of potassium
quinaldyl on one equivalent of ethyl benzoate
in absolute ether, preferably in the presence of
an excess of amide. The reaction follows the

equations
CH=CH KNH CH=CH
o e I ——cml [
N==CCH, N=——CCH;K
CH—CH
CcH4< |
NK—C=CH,
CH=CH excess KNH;
caH‘< : + CsH;COOC,Hj —omyr
N===CCH;K ether
CH=CH
CJ{.< ] + CHOK
N==CCHKCOCH,

(4) Eibner and Lange, Ann., 318, 346 (1901),



