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It is a well known fact' that fatty acids RCO,I1 are transformed
in the pyrolysis of their salts into hydrocarbons and ketones, and the
formation of the former compounds (1) occurs mostly in their alkali
salts and in the alkali earth salts the ketones predominate (2).

AR CO)M—>RH + COM, (1)
2R COM——>(R);CO -+ COuMe, \ (2)

In the pyrolysis of a mixture of salts of two fatty acids, not only
one mixed ketone as in the case of a mixture of potassium acetate and
potassium isovaleriate, observed by Williamson?, but simple and mixed
ketones such as ethyl ketone, isovaleron and ethyl isobutyl ketone are
formed from a mixture of sodium propionate and isovaleriate by dry
distillation in an atmosphere of CO,".

The yield of these ketones by the reaction will depend partly upon
the facility of any one of the two reactions (1) and (z) and also upon
the stability of the resulting ketones towards heat. In the thermal
decomposition of salts of fatty acids at about 600" the formation of
ketones is, therefore, counted the main reaction and the product, obtained
as tarry matter composed of the substances, and the stability of ketones
towards heat, which was investigated in the case of the pyrolysis of
acetone' at about 500° (where the reactions occur), can be measured
by the quantitative determination of CO in the gascous product.

© CH;COCH; —>CHL.CO+ CH, (3)
CH,CO——CO+ C,H, (4)

Carbon monoxide, which is presumed to be a decomposition product

Meyer & Jacobson, Lehr. Org. Chem., Bd. 1, 586 (1907)
A. Williamson, Ann., 81, 86 (1852).

A Genther & A Loss, Ibid.,, 202, 327 (1880).
Schmidlin u. Bergmann, Ber., 43, 2821, 3517 (1910)..
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of ketone, according to the investigation by Boudonard,' is decomposed
into CO, and C at about 350, and cannot therefore be employed as
an exact measure of the thermal decomposition of ketones.

' 200=CO+C (5)

The quantity both of CO and CO, in the gaseous product can be
employed for this purpose, since in the pyrolysis of the salts CO, is
originated in reaction (5) but not in the decomposition of the carbonate
which is formed by reactions (1) and (2), as Riesenfeld® and l.e
Chatelier* have independently reported that the decomposition of calcium
carbonate occurs at least above 812° «

In the present communication, the writer’s intention is to study
the formation of ketones from various fatty acids, by which to measure
indirectly the relative strength of affinity between the hydrocarbon
radicals (R) and the carbonyl group; the yield of ketone in the tarry
matter in the reaction products, as may easily be anticipated from the
reactions shown above, can be employed for the measure of the affinity
which can be checked by the quantitative determination of CO, and CO
in the gas.

Acetic, propionic, butylic, isovaleric and palmitic acids are used
for the. purpose, their calcium salts being subjected to dry distillation
at 600’ with an apparatus constructed by the writer as will be seen in

Ifig. 1. Fig. 2.
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Boudonard, Z, Angew. Chem., 8, 12 (1900).
Riesenfeld, Chemisches Zentralblatt, 1, 996 (1910).
Le Chatelier, C. R., 102, 1243 (1880).
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Fig. 1. The tarry product consists of ketone, hydrocarbon, water and
acidic substances, and the gaseous product of carbon monoxide, carbon
dioxide, saturated and unsaturated hydrocarbons and hydrogen. Of
these products, the ketones in the tar and the carbon monoxide and
carbon- dioxide in the gas, were especially estimated in the present
case, and the results obtained in the pyrolysis of single salts of organic
acids are shown in Table L. ‘ ‘
The yield of the tar usually increased in accordance with the
molecular weight of acids except the acid C,, but the yield in mols
per cent. of ketones resulting from 1 mol of each salt, as is indicated
in Table II and Fig. 1 in which the yield is plotted by taking 100
times mol in the ordinate and the number of carbon atoms of the acids
in abscissa, decreases inversely with the molecular weight of the acids,

Table I
(RCO,)Ca=10 gms.

R= C, * C, C, C, Cis
Tar (gms.) 3.2 V 4.3 4.4 3.1 7.1
Gas (c.c.) 507 363 468 1378 1008
Coke (gms.) 6.2 5.4 4.8 4.3 1.8

showing the minimum vyield in the acid C,. The radicals (C,) are
arranged in the strength of their affinity to the CO-group in the following
order.
C>C>CL,Ch>C.
The order of the radicals arranged in relative strength of affinity,
as we casily expected, is reciprocal to the order found from the quantity
of CO, and CQO generated :

Ci >Ci >G>0 >

Table II

Re C, c, G C, Cys

{mol) {mol) (mol) (mol) (mol)

Ketone 0.58 0.52 0.26 o.12 0.24
CO 0.07 0.05 0.06 0.19 0.25
co, ' 0.02 0.01 003 0.03 0.09
CO+2CO, o.IT 0.08 0.1t 0.26 0.42
Sum 0.69 0.60 0.37 0.38 0.66
Other ketones 019 o.17 0.39 0.20 0.22
Total ketones 0.88 o.77 0.76 0.58 0.88
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The total yield of the ketone therefore, including other ketones
of .unknown nature, was found by calculation to he 8825 in C, acid,
8895 in Cy acid, 772% in C, acid, 767 in C; acid and 358% in C, acid.

The writer has extended his research on the formation of ketones
from a single salt of the organic acids to a mixture in equimolecular
weight of salts of two acids and the experimental results with regard
to the formation of simple and mixed ketones are shown in Tables
I, IV, V and VI,

Table 111

R4+R' ‘ c+c, |7 c+c, i C+Cy;
Tar (gms.) % 3.6 3.4 [ 6.2
Gas(c.c) | 546 750 459
Coke (gms.) | 5.4 5.2 i 3.0 .

Table 1V

R4+R’ C,+Cy Ci+C, Ci+Cyy
C, 0.06 C, 0.06 C, 0.10
Ketone Cy, Cy 0.07 c, C, 0.04 C, Gy 004
C, 0.02 C. 001 | Cy 0.08
CO 0.0G 0.09 N Xar
Gas CO, 0.02 0.02 0.07
CO+2CO, o.13 0.13 0.22
Sum ’ 0.28 . 0.24 0.44
Other ketones 0.45 044 0.44
Total ketones 0.73 0.68 0.88

In the tables, (III, V), the yield of ketones, CO and CO, from 10
gms. of the mixed salts by dry distillation at 600  is shown, and the
mol per cent. of these products is given in Tables IV and VI. Simple
ketones are formed in the same relative amount in mol per cent. from

Table V

R+R/ C,+C, C,+C, C,+C,y, Cy+Cys
Tar (gms.) .2 3.7 5.8 6.1
Gas (c.e.) 518 710 523 ' 489
Coke {gms.) 5.1 4.9 2.9 3.2
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Table VI

Co+Cy CotC CotC Co+Cye

RAR! (xznol)J (mo])4 (mo])ls (;11 l)l
C, 003 { C, 0.06 | C, 0.09 | Cy 0.04
Ketone C., Gy 0.05 | Cyy €, 0.04 [ Cy Cyy 0.06 1 Cyy Cyy 0,02
C, oot | C, 0.0z | Cyy 008} C,, 0.08
CcCO 0.08 ot 0.12 0.13
Cins CO, 0.03 0.04 0.07 0.0§
CO+2C0, 0.14 0.19 0.25 0.23
Sum 0.23 0.3t 0.48 0.37
Other ketones 0.45 0.36 0.14 0.38
Total ketones 0.68 0.67 0.89 0.75

each two acids as in the case of pyrolysis of single acid; for example
Cy==0.06 mol and Cy=o0.02 mol in the mixed salts where C,=o0.58 and

Cy=o0.26 in the single salt.

Table VII

Ci+Gy Ci+C, Ci+Cy;
C, 0.06 C, 0.06 C, 0,10
C, 0.02 C 0.01 Cis 0.08
Cot Gy CotC, CotCyy | CotCy
- !
. C, 0.03 ! C, 0.06 C, 0.09 C, 0.04
Ca oor | C 0.02 Cis 008 | Cy 0.08
C, C, C, C, Cys
0.58 0.52 0.36 o2 0.24

The yield of mixed ketones can be supposed to depend upon the
relative strength of affinity of two radicals of the molecule to the CO-
group, and in fact, as may be seen from the experimental results shown
in [Fig. 3, the ketones containing radicals of similar affinity formed in
greater amount than that of radicals of different affinities, namely the
decomposed ketones shown in the amount of CO, and CO in gasecous

product, are in the order
C‘.h C1>C27

-:15>C2’ C3>C3; CI.".:

Cl: C3>CI: C4 >C1; (‘15.
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Experimental Part

In the experiments, acetic, propionic, butylic, isovaleric and palmitic
acids were used after being purified, the first four being obtained by
distillation from commodities and the last one being obtained by the
writer from Haze kernel oil.t

The calcium salts were made by neutralising the acids with calcium
carbonate and were purified by
extracting with alcohol some
free acid mixed in them.

10 grams of the sample
were placed in a hard glass
Hask of about 40 c.c. with a
long side tube, maintained at
600°C. in a closed square cham-
ber 12 cms. 8 cms. 6 cms. made
of gipsum and ashestus which
was previously heated to about

e
L

A Distillation Chamber E Cooler

B Distillation Flask  F Gas Holder 620°C. with a coal gas flame.
C Thermo-couple G Manometer The temperature in the
D Receiver reaction Hask was measured

with a thermo-couple inserted in it, (Ifig. 35), and was regulated by
means of a gas flame so as to reach 600°C. within 1o minutes after
the flask had been introduced into the chamber, and the reaction was
usually completed about 30 minutes. Throughout all the experiments
the reaction was made to proceed at atmospheric pressure by controlling
and measuring the pressure by a manometer attached to the apparatus
and filled with an acidic water solution.

The tar and gas formed by the decomposition of the salts were
collected separately in a receiver and a gas holder. The tar, composed
of ketones, hydrocarbons and some quantity of acidic substances, was
neutralised with CaCQ; after being dehydrated with calcium chloride,
and then fractionated carefully twice under the ordinary pressurc to
separate the required ketone only. The ketones of lower molecular
weight in the distillate were confirmed by their physical constants and
by means of the iodoform test® or by making the oxime® and the

S. Komatsu & S. Sh8yama, These Memoirs, 11, 533 (1928).

Messengner, J. Chem. Soc. Abst., 313 (1889).

Mcyerin'zh, Ber., 10, 1940 (1877) P, Petrenko Kritschenko u. S. L. Kipanidze,
1bid., 34, t7oz (19o1).

w3 l\):*



144 Shintaro Araki -

higher owses, which were sepefratedf by extraction with ether, were
confirmed by thei constants after weighing.

The gencrated gas which was composed of carbon ﬁmnoxidc, carbon
dioxide, hydrogen and hydrocarbons of lower molecular weight, was
analysed with the apparatus of Bone and Wheeler.

‘I. Calcium Acetate

Fig. 6.
700} Table VIII
Goor Jetae Yield
Q -
300t fS,/
& obs. cale.
o, 4001 &
ER &7
£ & .
g» 300 / & Tar (gms.) 3.2 3.7
a. ; &
G5 2000 Gas (c.c.) 528
O 100-,/ Coke (gms.) 6.2 6.3
! i e 4o -
A 10 13
~Time in Minutes
At about 130°, water was distilled out and then followed acetone
at about 180" The decomposition of the salt, as may be secen

in Fig. 6, is vigorous at about 400’ and was completed when the
tempera‘tui-e had reached 580"; the reaction products are shown in
Table VIII.
of the salt or CaCO; was compared with that calculated by the cquation

The actual vield of tar or acetone and coke from ro gms.

(CH,CO,),Ca=(CH;).CO+ CaCOs.

Table IX
» Acetone
Traction | B. p. Yield % aq nh 7 '_e]f_l"

;’ % Mol

g 10.2
1 56°—65° 7.5 74 0.798 1.363 9o 0.58
2 65°—095° 1.2 12 0.816 1.372
3 95°—102° 0.3 3
4 Residue 0.1 o.1
5 Water 1.0 10
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1o gms. of tar, di’=0.856; nb=r1.371, were fractionated into ;3
fractions with the properties shown in the Table IX. TFraction 1, B. p.
56°—63", was determined as being composed of 70% acetone by means
of the iodoform test and also by the physical constants of pure ketone
dP=0.7895; nf=1.3571; and the ketone was confirmed by converting
it into a semicarbazone ;

M.p. 189" —190", N=36.3% (C,N,;0, N=36.5%).
The composition of the gases was determined with regard to CH,,
H,, Cld,. CO and CO..

Table X

Gas analysis

Cy Hay - Cu Mo+ H, Co, i co Total
Vol. % 15.3 59.7 56 | 19.4 100
cc 1276 4980 468 ’ 1618 8342
Mol 002 | 0.07

II. Calcium Propionate

1ogms. of the salt yield 4.3 gms. tar and 363 c.c. of gas; the
behavior of the salt during the pyrolysis, which is similar to that of
the acetate, is shown in Ifig. 7.

[Hg. 7.

Table X1 700t
<<
. boor e
Yield e{»‘,/’
< 807
Material ==10gms, ——4m———rr— 500 &S\/
Dbs. cale. 1
oS 2 qo0} /
: 3 )/ o
o S 200k ,
Tar (gms.) 4.3 4.6 é. 300 , 4
= ’ -
- Q2 L U fod
o . 5L 200 7 2z
Gas (c.c.) 363 N , <
[ 7
Coke (gms.) 5. 5.4 oot /
/
/
3 10 15

~»Time in Minutes

17.3 gms. of tar of a yellowish fluorescent oil (dP=o08z20; n¥=
1.390) were fractionated into 5 fractions:
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Table XII

Yield Dietll)f!.lgctawxle
Fraction B. p. d:-;"' “ﬁ yie
ams. % % Mol
I —~100° trace
2 100°—107° 15.2 38 0.810 1.390 75.0 0.32
3 107°—224° 1.0 6 0.826 1.393
4 Residue 0.5 3
3 Water 0.5 3

The second fraction, containing 889 of the tar, was distilled again

and was ascertained to be diethylketone, B.p. 102°—103°, d®=0.8031 ;

ny=1.3903, and yiclding

(C,r,l'luoi\:, N= 13.859;}).

an oxime which gave on analysis N=13.9%

The gas was analysed with the following

results.
Table XIIIL
| CuHay | CuHopgotH, co, co Totul
Vol. % t 16.2 ] 61.5 4.5 17.8 100
[SS E 1094 1 4152 304 1201 6751
Mol : | 0.135 0.135 0.054 |

III. Calcium Butylate

The experimental results obtained by distillation of 10 gms. of the

salt are as follows

Ihig. 8.

Table XIV
6oot
Yield Jae
—OO - 7
s e, B 5’“;//
N
obs. cale. 400 &7
e J
g S
. < 300 & 2,
Tar (gms.) 4.4 4.7 g "/ &
2 200 /
(ras (c.c.) 468 s & /
S = odl /
. A A
Coke (gms.) 4.8 5.3 (I /
N T
-’1

—Thne in Minutes
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The evolution of gas in the distillation is shown in Fig. 8. 11.1

gms. of the tar (d

ed intu 7 portions:

23
=

Table XV

0.830; n%=1.406), thus obtained, were fractionat-

Yield (C4l1,),CO
Fraction B.p B ap T o
gms % % Mol
i 102°—107° little
2 107°—115° 1.2 11 0819 1.391
3 115°—130° 2.9 26 0.808 1.394
4 130°—140° 3.1 28 0.813 1.403
5 140°—1350° 3.1 28 0.822 1.403% 74 0.201
6 Residue 0.9 8 ! 0.844 1.427
H Water little

The fifth fraction was calculated from its physical constants to

consist of 74% of dipropyl ketone which was isolated by distillation,

its physical constants being determined: BB. p = 143" —144"; d¥=0.8201;

23 e

nH=1.4120.

Its oxime,' a viscous oil, was also analysed: N=10.7%
(GHENO, N=10.85%).
The results of analysis of the gas are as follows ;'

Table XVI

Cu Hay Cyy Haygo+ 11, CO, cO Total
Vol % 30.3 F 42.4 5.6 12.7 100
e 3934 4256 301 1276 10024
Mol 0.025 0.057

1. V. Meyer u. Warrington, Ber., 20, 501 (i881).
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IV. Calcium Isovaleriate

Tig. o.

il

—Time in Minutes

Table XVII
Yield

obs. cale.

Tur (gms.) 3.1 5.9
Gas (c.c.) 1378

Colke(gms.) 4.3 4.1

The evolution of gas
in the distillation is shown
in Tig. 9. The reaction
of dehydration was found
to proceed at about 150,
and the formation of ke-
tone was vigorous at about
500" The reaction pro-
ducts obtained from 10
gms. of the salt are shown
in Table XVII.

9.2 gms. of the tar
(d®=0.834; nh=1.420)

were fractionated with the following results :

Table XVIII

, Yield ((g;i’g)*-&‘)'l'
Fraction Bp o d_'i"’ ,,‘i"; 22
’ gms. % % Mol
1 6% 120° i1 iz 0.811 1.398
2 120°— 160° 3.4 37 0.808 1.405 ) ;
3 160°—170° 2.2 24 0.821 1.414 95 | 0.116
4 170°—1g0° 1.1 1z 0.835 1.427
5 190°— 1.2 13
6 Water 0.2 2

Tsovalerone,. which is

the main coustituent of the tar and which

was isolated by repcated distillation of the third fraction, showed the
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following constants: B. p. 164—i166"; d@=0.8279; njH=r1.4173 and
its oily oxime' gave on analysis N=g9.1 (C;HNO, N=8.9%).

The other fractions indicate by their physical constants the occur-
rence of some other ketones.

The gas was analysed with the following results :

Table XIX

% Cy Hay CnHopgs + Hg COg cO Total
Vol. % 44.1 40.7 2.2 13.0 100
¢ c 4713 13570 727 330 209340
Mol 0.032 0.194.

V. Calcium Palmitate

Table XX : Fig. 10.
Yield
1000k
obs. calc. gooy
8oo}
Tar (gms.) 7.1 8.2
700
Gras (c.c.) 1008
) 6oof o e
Coke (gms.) 1.8 1.8 . I
5007 ¢
o &7
E 400 ,§‘,’
The evolution of gas z $7
. . . o - o«
with time during the pyro- 2 390 &eg,/ g
. . . g B /
lysis of the salt is shown in SE ook /
e i 7
[Fig. 10, and the results J/
. 100
obtained from 10 gms. of 7 1 [
the sample are shown in 3 Y 3
Table XX —Time in Minutes

36 gms. of the tar were treated with ether to separate insoluble
palmitone and the soluble part in the solvent was fractionated under
15 m.m. ; the fraction with B. p. above 300" was again treated with cold
ether to separate the palmitone from it.

FFor confirmation of palmitone thus obtained, its melting point
(81°—82") and the nitrogen content of its oxime® (M. p. 57—38°),
N=3.0% (Cy3HuNO, N=30%) were determined.

1. Nef, Ann,, 318, 169 (1gor); Skita, Ber., 41, 2040 (108).
2, Kipping, J. Chem. Soc., 87, 986 (1890).
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Table XXI

| Yield . . (Cy5Hy),CO
Fraction B. p. (lf';" n"){; R R
gms. % % | - Mal
1 48°—100° 2.9 12 0.775 1.427
2 51°—150° | 5.0 | 20 | 0803 | 1439
(1sm.am.) ! !
3 150°— 200° 3.5 g
(15m.m.)
4 200° — 250° 3.9 16
1 {15m.m.) |
5 250°— 280° 2.3 9 ,
(1sm.n) i
6 280°— e 6 33 | 0019
(15m.m.) f
7 Palmitone 5.6 23 \ 0.217
Table XXII
Cu Hay Ci Hayas +H, Co, % co Total
_ |
Vol. 9% - 359 50.8 3.5 9.8 100
e e 20240 | 27890 | o195 5385 55440
Mol | | 0.086 0.25

VI. A Mixture of Calcium Acetate and Calcium Butylate

An equimolecular mixture of the two salts above named was
dissolved in water, evaporated to dryness and then subjected to pyrolysis
as usual. The evolution of gas with time, as is shown in Ifig. 11,
reaches the maximum between 450° and 500"

Fig. 1.

Table XXIII
6oor &, Yield
>z
(‘_\\'l
500} &
Q7
S obs, cale,
o H00r S5
P 4 d
o 10 ’ ¢
g a0or / © Tar (gms.) 3.6 4.6
& ;) g
g 200f Gas (o) | 547
& /
raN
i 1 oronf /' Coke {gn.s.) 54. 54
4 L | UUPER SIS N TR SO W
. 5 10 13

—Time in Minutes
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The yield of tar and gas is shown in Table XXIII.
8.9 gms. of the tar di’=0.857; nf=1.392 were fractionated :
Table XXIV
Yield Ketone
Iraction B. p. I (1:';5 n3
i gms. % % Mol
‘ |
1 45°— 50° : trace
2 i 56°— 035° 0.5 60 0.786 1.3060 96 0.002
3  05°—100° ; 2.8 33.3 0.800 1.371
4 100°—107° | 0.9 10.7 0.808 1.383 86 0.068
5 107°—140° 2.9 34.5 0.8i5 1.305
6 14oP—150° | 0.4 4.8 0.827 1.410 6o 0.019
H 150%— L 06 7.2 0.873 1.444
8 Water I 0.3 3.5
|

IFractions 2, 4 and 6 in the Table were confirmed to be composed
mostly of acetone, methyl propyl ketone and butyrone respectively from
their physical constants, and the second ketone isolated from the 4th
fraction by repeated distillation was confirmed to be so by its constants
(B. p." 101°—102"; dP=0.8007 ; nF=1.3888) and by analysis of its oily
oxime', N=137%2 (CHH,NO, N=13.920).

Table XXV

Cu Ha, Cy H'ln+2 +”3 CO-_; CO Total
Vol. % 4.5 343 4.4 9.0 foo
cc. 4222 3495 447 1950 10156
Mol 0.020 0.089

VII. A Mixture of Calcium Acetate and
Calcium Isovaleriate

10 gms. of an cquimolecular mixture of these two salts, prepared
in a manner similar to the above were distilled at 600° and the yield
of the products is shown in Table XXVI..

1. PReckmann, Ber,, 20, 2581 (1887).
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THig. 13.

700 . > 7
Table XXVI
600 e
e Yield
4
500 e
S
5/ bs calc
400F Lo obs. aucC.
s/
,;\I
< L7 )
,‘:’: 300F Oy é? .
= o~/ y Tar (gms.) 3.4 4.9
i /
@ 700' I .
=y / Gas (c.c.) 790
4 B / ,
3L 100 .
PN / Coke (gms.) 5.2 5.1
I /
; I N T }
5 10 15

—Time in Minutes

0.3 gms. of the tar (dP=o0.820; nf}=1.408) were fractionated and
acetone, methylisobutyl ketone and isovalerone were assumed from

Table XXVII

Yield Ketone
Fraction B. p. B E— (ﬁ" nf‘,’ T —

gms. % % Mol
1 48°— 56° | trace
2 56°— 65° 0.6 7 0.802 1.363 85 0.06
3 65°—100° Ly 18 0.795 1.369
4 100°—i15° 0.9 10 0.809 1.392
5 115°—123° 1.5 16 0.804 1.397 35 0.04
6 123°—160° 2.9 31 0.8i2 1.407
7 160°~—170° 0.4 4 0.845 I.422 51 o.r1
8 170°— 1.2 13
9 Water 0.05§ 0.5

their physical constants to be present in fractions 2, 5 and 7 respect-
ively. The mixed ketone was isolated by repeated fractionation from
the second fraction, and its constants (B. p.=116°—1 17° : d¥=0.8134;
ny=1.3071) and the nitrogen content of its oily oxime, N=12.1%
(CsHNO, N=12.22), were determined.

Table XX VIII

Cu Ha, Chn Hango - Hy l CO, CcO Total
Vol. % 42.1 40.7 3.9 13.3 100
c.c. 6178 5971 578 1971 14694
Mol | : 0.023 0.088
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VIII. A Mixture of Calcium Acetate and

Calcium Palmitate

10 gms. of an equimolecular mixture of the two salts were distilled,
the gas-evolution with time and the reaction products bheing as shown
in Fig. 13 and Table XXIX respectively.

Table XXIX
. 700}
Yie'd 600} s ———
& o7
<00 F .o
3 AN s
obs. calc. NQQ/
Q/
4001 O/
3} S &
E L/
Tar (gms.) 6.2 7.2 2 300l /,’ ’
Q
- . 2, /
Gas (c.c.) 459 . 2 a00b //
oo
Coke (g 28 N /
oke (gms.) 3.0 2. P ok //
II
et e b
5 ) 15

-Time in Minutes

23.3 g@ms. of the tar were fractionated into 11 fractions and fractions
2, 7,9 and 10 were obhserved to be composed mostly of acetone, methyl-

Table XXX

Yield Ketone
Fraction B. p. e e — d'i" n'f';’ e
gms. % % Mol
i 45°— 56° 0.4 1.8 0.721 .304
‘2 56°— 65° 0.7 3.1 o.80r1 1.365 84 : 0.098
3 65°—100° 1.4 6.3 0.759 1.302 |
4 100°~ 100° 0.9 4.1 0.789 1.430
(15man.)
5 100°—150° 3.0 13.5 0.815 1.441
[QESRIIN
6 150°—18z° 4.7 21.3
(t5m.m.)
= 185°~210° 3.7 16.8 )
(igm.m.) 53 0.043
S 210°~ 300° 2,9 13.1
(r5m.m.)
9 300°— 0.9 3.1 20 0.006
(ismm.)
10 Palm’tone 3.4 15.4 ‘ 0.075
T Water 0.1 0.5




154

pentadecyl ketone and palmitone respectively.
pentadecyl ketone was

Shintaro Araki

From fraction 7, methyl-

isolated by repeated fractionation.

B. p.

(225-—227°) 1rom.m. Mp. 45—a7"; oxime, M. p. 20°—30", N=13.2%
(CyHNO, N=13.1%).

Table XXXI

Cy Hay, CyHayge +H, CO, CO Total
Vol. % 31 49 io 10 100
cc. 5037 701 1635 1635 16268
Mol ’ 0.073 | 0.073

IX. A Mixture of Calcium Propinate and Calcium Butylate

10 gms. of an equimolecular mixture of the two salts were distilled
with the following results:

g, 14
Table XXXII
c
Hoof R .
S5 Yield
‘\Q//
500} &q/.\‘/ ’
400h / obs. cale.
//
£ 300} / S "
1 / * Tar (gms.) 4.4 5.0
T 200f / X
= / Gas (c.c.) 518
S& 1o} /
g e, Coke (gm3.) 5.1 5.0
(I / ] . :
i i s ) s L i l 3 1. L
3 10 13
-»Time in Minutes’
11.4 gms. of the tar, d®=0.8:18; ny=r1.36g9, were fractionated :
Table XXXIII
i Yield Ketone
Fraction B.p. (}3" n}"’,’
gms, % % Mol
1 70°— 100° trace
2 100°— 10%° 0.9 8.0 0.811 1.387 30.1 0.039
3 107°— 120° 4.3 38.5 0.804 1.393
4 120°—128° 2.9 25.0 0.812 1.305 21.0 0.048
5 128°—141° 1.6 14.6 0.823 1.401
6 141°—150° 0.8 7.1 0.815 1.407 22.2 0.012
7 150°— 6.2 ’
8 Water trace |
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FFractions 2, 4 and 6 were assumed from their physical constants
to he composed mostly of diethyl ketone, ethylpropyl ketone and
dipropyl ketone respectively. The mixed ketone with the constants
B.p.=123—124"; d’=09096; nh=1.3975, was isolated hy repcated
fractionation of fraction 4 and its oily oxime was analysed: N=13.2%
(CiH;NO, N=13.123).

Table XXXIV

Cy Hop 1 Co Hanan 411, co, | c¢o Total
Vol. % 27.8 49.3 6.3 ‘ 16.6 100
c.c. 2870 1 5114 652 ir18 10360
Mol ; 0.029 0.077

X. A Mixture of Calcium Propionate and Calcium

Isovaleriate

10 gms. of an equimolecular mixture of the two salts were distilled
with the following results :

IHg. 15,

1 TN N (T
Table XXXV
700}
Yield
Hoof e Pt
S -
300k @\e/,
obs. cale. D c§/ e
00 &7
O
( ° } Ny "
Tar (gms.) 3.9 5.3 = ‘ e
2 300/ &
Gas (cc.) | 7i0 g /
= 200} ,’
- - 5 G ‘ ’
Coke {(gms.) 4.9 4.7 bt ,
A A 100 ’
- i /
7
4 O PRV PR B
S 10 13

-> Time in Minutes

14.9 gms. of the tar, dP=0.813; n¥=1.411, thus obtained, ware
fractionated, ‘

Fractions 2,4 and 6 are assumed from the physical constants to
be composed mostly of diethyl ketone, ethylisobutyl ketone and
isovalerone respectively, and ethylisobutyl ketone was confirmed to
occur in the fraction 4 after being isolated by repeated distillation, the
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following constants being determined ; B.p. =135 —137"; d@=0.8123

nf=1.4130.

(CSI'IWN;;O, N= ?46 95).

Its semicarbozone' (M. p. 141°—142°) was analysed.

Sample o0.0722 gms. N=15.2 c.c. (16.8°, 762 mum.) N=24.4%

Table XXXVI
Yield Ketone
IFraction B.p. dg'_' . 112,‘;’ e
gms. % % Mol
1 65°—100° 0.1 o.7 0.811 1.387 .
2 100°—107° L3 |- 92 0.812 1.391 70 0.062
3 107°—132° 6.3 44.7 -0.812 1.398
4 132°—1435° 2.0 14.2 0.816 1.406 43.6 0.042
5 145°— 160° 2,2 15.6 0.818 1.412
6 160°—170° 0.8 5.7 0.833 1.420 59.0 0,021
7 170°—1g0° 0.5 3.6 0.849 1.433
8 190°— 0.9 6.4
[§] \Water trace
Table XXXVII
Cy Ha, Cp Hapre +H, CO, cO Total
Vol. % 38.2 417 4.8 15.3 100
c.c 6213 6780 782 2489 16264
Mol 0.035 0111

XI. A Mixture of Calcium Propionate and Calcium

Palmitate

10 gms. of an equimolecular mixture of the two salts were distilled,

and the results of the experiment are

NXXXWVIIIL.

g, 16.

shown -in Fig. 1

6 and Table

Table XXXVIII

Tar (gms.)
Gas (c.c.)

Coke (gms.)

Yield
obs. calc.
6.1 5.3
523
2.9 2.7

600} -
< -7
- -
500F §lr'/
&7
4 )0
g 400 Xy
~ Ny
= N
2 300 y
a3 J 2
.= <r
7 4
S& 200fF
XA /
P [
| /
100 4
l/
Lov s v v b v )
5 10 .15

-»Time in Minutes

1. Dilthey, Toc ¢t
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26 gms. of the tar were fractionated into 10 portions :
Table XXXIX
Yield 3 Ketone
Fr.ction B.p - a7 n%)
gms. % % Mol
i 50°—100, 2.3 8.8 0.748 1.393
2 100°—107° 2.4 0.2 0.791 1.399 38 0.091
3 107°—130° 0.6 2.3 0.802 1.405
4 130°—150° 1.8 18.4
(1Im.m.)
5 150°— 195° 6.0 23.0
(1 fman.)
6 195°—202° 2.5 9.6 73 0.059
(tim.m.)
7 202°—250° .9 73
(iim.m.)
8 250°— 300° 0.6 2.3
. (iIman)
9 300°— 0.8 0.3
(1im.m)
10 Palm tone 4.2 6.1 0.080

IFractions 2, 6 and 10 were assumed from their physical constants

to be composed mostly of diethyl ketone, ethyl pentadecyl ketone and

palmitone respectively.

Ethylpentadecyl ketone was indentified to be

so by determination of the constants B.p.=197—199™" (11 m. m),

M. p. 49350, and analysis of its oxima’; 3. p. 42°, N=3.170 (C 1z NO,

N=3.025) which was isolated from fraction 6 by fractional distillation.

Table XI.

l Cyy Hag CoHaup +H. | CO, ‘ Total
Vol. % 32.5 46.0 ; 17 1 100
c.c 62353 8860 - | 1509 l 261 19245
Mol t 0.007 % 0.il7
|
1. 1. Bertrand, Chemisches Zentrablatt, 11, 289 (1840).

2

J. Bertrand, ditto.
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Paltimate

A Mixture of Calcium Butylate and Calcium

1o gms. of an equimolecular mixture of the two salts were distilled
with the following results.

Table X1.1
oot .-
- Yield
500 & 7
Nyl
s . .
400 f § / obs. cale.
HQ I/
joof v 7/ "
o / o Tar (gms.) 6.4 6.8
E s
% 200} / R e e .
g / Gas (c.c.) 489
. & 100 L / .
g 8 / Coke (gms.) - .2 3.2
Qo !
B 4 L Lo FERDTEUNR SV S W ST N
3 1o 15

—Time in Minuates

22.2 gms. of the tar were fractionated aud the yield and physical

constants of the fractions are as follows:

Table XI.II

| Yield Ketone
Iraction | B.p. — dz’ ngy
gms. % % Mol
H | 50°—140° L1 5.0 0.792 1405
2 140°—150° 0.9 gl 0.823 1.412 44 0.040
%
3 60°—150° 5.5 24.8 0.797 1.425
(15m.m.) f
4 150°—205° 7.2 32.4 0.842 1.440
(15m.m.}
5 205°—220° Ly 7.6 334 0.022
{15m.m.)
6 '220°— 280° 1.9 8.3
(15mam.)
7 . 280°— 0.9 | 4.1 18 0.004 -
(r3m.m.) I
8 Falmitone 3.0 13.5 0.073
9 ‘Water little

Tractions 2, 5, 7 and 8 were assumed from their physical constants

to be composed of dipropyl ketone, propylpentadecyl ketonce

and

palmitone respectively, and the mixed ketone which was isolated from
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fraction 5 was identified by determination of its constants, B.p.=

211"—213" (11 mm.); M.p.=47-—48"; and analysis of its oxime (M.
oy " : A T CONT — "y

p. 2—!.) }{:4.7?0, ((;[9['139}\'0, 1\\-—'4./ /0).

Table XI1.III

‘ Cu Haa CuHzp+H, | €O, €O | Tonl
Vol. % A 24.9 53.2 [ 6.5 i5.4 100
c.c 4651 9038 3 1214 2877 | 18680
Mol % 0.054 | 0.126 |

In conclusion, the writer wishes to express his hearty thanks to
Professor Shigeru Komatsu, at whose suggestion this work was under-
& D&
taken, for his kind guidance.

March, 1g30.
Laboratory of Organic & Bio-Chemistry.
Kyoto Imperial University.



