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TasLe V. Errecr oF TEMPERATURE

Fina
Temp., No.of Time, Yeast Yield, Reducing Sugar
°C. Runs Hours ) Content, % Fina pH
Cloth Aerators
25 3 24 L. 0.30-0.47 7.4
28 6 23 0.30-0.33 0.23-0.32 7.5
32 4 22 0.33 0.20 7.4
34 11 22 0.30-0.31 0.18-0.20 7.4-7.9
C-Porosity Fritted-Glass Tubes
30 3 18 0.31 0.20-0.21 7.8

Size or Inocurum, Studies made of the optimum yeast
inoculum (Table IV) indicated that initial yeast concentrations
of approximately 100,000,000 yeast cells per cc. were desirable,
The experimental data further indicate that yeast concentrations
considerably in excess of 100,000,000 cells per ce. did not increase
the rate of sugar consumption.

Divvrion wrres Water., The dilution of the still waste liquor
with water speeded the removal of the sugar but had no apparent
effect on the yield of yeast. The unconsumed residual reducing
sugar content of 0.2 per cent was decreased proportionately with
the amount of dilution.

TeEMPRRATURE. Studies were made between 25° and 34° C.
The rate of sugar consumption increased with increase in tempera-
ture (Table V).
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Benzyl Benzoate from Benzyl
Chloride and Sodium Benzoate

WALTER H. C. RUEGGEBERG!, ABRAM GINSBURG,
AND RUSSELL K. FRANTZ

Chemical Warfare Service Technical Command, Edgewood Arsenal, Md.

8 A RESULT of wartime restrictions on the availability of
toluene and, hence, benzaldehyde, production processes for
the manufacture of the miticide benzyl benzoate other than by
the Claisen condensation of benzaldehyde (4, ) had to be inves-
tigated. Simultaneously, improved processes for production of
benzyl chloride by chloromethylation of benzene and of benzoic
acid through the aluminum-chloride-catalyzed reaction between
benzene and phosgene were also studied in this laboratory (6).
These developments led to two methods for carrying out the
double decomposition between benzyl chloride and sodium ben-
zoate to form benzyl benzoate. One of them depends upon the
presence of water as reaction solvent for sodium benzoate, as
first described by Gomberg and Buchler (3); the other relies on
the catalytic activity of a small amount of tertiary amine in the
absence of any reaction solvent other than that supplied by the
reacting materials (1),
Although the results in Table I and Figures 1 and 2 on the
aqueous double decomposition between benzyl chloride and so-
dium benzoate generally agree with those of Gomberg and Buch-

1 Present address, Carbide and Carbon Chemicals Corporation, South
Charleston, W. Va,

ler (3), it should be noted that reaction times in excess of 6 hours
tend to lower the yield of the ester. Also, Table I shows that 429,
aqueous solutions of sodium benzoate may be employed in place
of 22-279, solutions as used by Gomberg and Buchler without
noticeably affecting the ester yield. Thus, much valuable reac-
tor space is not surrendered to an inert solvent.

The amine-catalyzed reaction on a slurry of dry sodium benzo-
ate in benzyl chloride is interesting, Despite the fact that prac-
tically quantitative yields of aromatic acid esters may be ob-
tained easily, this method has strangely remained out of the
chemical literature since its first appearance as a German patent
in 1912 (7). Scelba (7) reports that dry sodium benzoate, heated
with a slight excess of benzyl chloride at 170-175° C. for 24 hours,
produces.a 70-75%, yield of benzyl benzoate. According to the
German patent (1), a small quantity of triethylamine lowers the
reaction temperature required for this same reaction to about 130~
140° C., the reaction time to about one hour, and raises the ester
yield to 959 or higher.

Volwiler and Vliet (10) found that diethylamine possesses defi-
nite catalytic activity in the synthesis of benzyl salicylate and
benzyl p-nitrobenzoate. Their data, as well as that presented
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o A study was made to determine the optimum reaction conditions for
Eg 2:2::::2:::2::’: ﬂ two methods given in the literature for preparing benzyl benzoate
HOSEURYRNONONERNS R from benzyl chloride and sodium benzoate. One of these methods

consists in refluxing an agueous solution of sodium benzoate with
benzyl chloride, the other in the catalytic action of an amine on a

7
7

fads RO GNONNRN T NL S slurry of dry sodium benzoate and excess benzyl chloride. The data
S° SnURAneusnneos L indicate that in the aqueous method the yield of benzyl benzoate

depends on the ratio of benzyl chloride to sodium benzoate and on
the time of reflux. An excess of sodium benzoate, preferably 2 to 4

. g gggggggggg 2z moles per mole of benzyl chloride, produces benzyl benzoate in yields
58 N g £ EEE EE fE== above 70% in about 4—6 hours at about 110° C.; shorter or longer
g i :éa é *;; .g % % :E;ﬂ ;:; 1:; :§c z= :‘; reaction times produce lower yields of ester. In the amine-catalyzed
B P e P Pt reaction between 1 mole of dry sodium benzoate and 1.4 moles of
benzyl chloride, the results indicate that tertiary amines, such as

triethylamine, will produce benzyl benzeate in yields of over 90% for a

eq reaction period of about 1 hour at 110-~140° C. The quantity of amine
® necessary ranges from 0.45 to 0.65% by weight based on the weight of

the benzyl chloride~sodium benzoate reaction mixture. A probable
reaction mechanism for the amine-catalyzed reaction is proposed.

%o

Analysis of Stripped Benzyl Benzoate
Ester,
94

0ous SopiuM BunzoaTs

1

8 in Table II, indicate that diethylamine does not exhibit the superior cata-
Co lytic activity characteristic of some tertiary amines. The results of the pres-
ent investigation (Table II) indicate that unsubstituted saturated tert-alkyl
amines are the best catalysts in this type of double decomposition.

": PROCEDURE

All materials were used as indicated without further purification.

Benzorc Acip. Mallinckrodt’s reagent grade.

Benzyy CHLORIDE. In the agqueous process a commercial grade was used
throughout (chlorine: calculated for C;H;Cl, 28.01; found, 28.50; n%?, 1.5388).
The amine-catalyzed nonaqueous procedures utilized a pure grade of benzyl
chloride which had been prepared at Edgewood Arsenal by chloromethylation
of benzene (6) (chlorine: calculated for C;H,Cl, 28.01; found, 27.98, 28.01;
n%, 1.5388).

I HrexamerayLENE TerRAMINE. E. I. du Pont de Nemours and Company,
ne,

N-METHYLMORPHOLINE, MORPHOLINE, AND TRIETHANOLAMINE. Carbide
and Carbon Chemicals Corporation.

Pyripinn. City Chemical Corporation, ¢.». grade.

SopruM BeEnzoaTte. The Coleman and Bell Company, U.8.P. grade.

TdRIETHYL— AND DieraYLAMINES, Eastman Kodak Company, White label
grade,
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chloride
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Aqueous Doveire DecompositioN. One mole of sodium hydroxide in the
form of a 16.79, aqueous solution by weight (40 grams of NaOH pellets in
200 ml, H;0) and one mole of benzoic acid are placed in a 1-liter, three-neck,
round-bottom fask equipped with a mercury-seal stirrer, a thermometer, and
a water-cooled reflux condenser. The reaction flagk, immersed in an oil bath,
is brought to reflux temperature (100-110° C.), and the desired amount of
benzyl chloride (ranging from 0.25 to 1.5 mole of benzyl chloride per mole of
sodium benzoate) is added through the econdenser., The reaction mixture is
stirred vigorously at reflux temperature for 2 to 8 hours.

At the end of the reaction period the product is transferred to a separatory
funnel and the lower agueous layer removed. The upper layer, containing
the ester, is washed successively with several 200-ml. portions of 5% aqueous
sodium hydroxide; two or three such washes usually suffice to extract all of
the unreacted benzoic acid and are followed by two water washes of about
200 ml. each. The combined aqueous layers are extracted with 50 ml. of carbon
tetrachloride or benzene, and this organic layer is added to the total organie
product layer.

The combined organic product layers are then stripped of all volatile
materials down to 5 mm. of mercury pressure, and the still residue, consisting
almost entirely of the desired benzyl benzoate, is analyzed for ester content
(by saponification), chlorine content, and amount of residual free benzoic
acid. Its refractive index and melting point are also determined. The
combined aqueous extracts are acidified by the addition of concentrated
hydrochlorie acid, whereupon unreacted benzoic acid is precipitated. It is
filtered off with suction, dried in air, and weighed.
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The reaction data obtained, together with any deviations from the general s - .
procedure given above, are found in Table I and Figures 1 and 2. Q3 BRTen N o o s gé
AMINE-CaTaLyzED NonNaQUuEOUs DousLE DecovpositioN. One half mole of ol = -
dry sodium benzoate powder and 0.7 mole of benzyl chloride are placed in a 2y o,
500-ml., three-neck, round-bottom flask, equipped with a thermometer, a g5 oS00 S © © o000 zHo
I . e s . . s B GoGima o w avan o8 R
mercury-seal stirrer, and a reflux condenser terminating in a calcium chloride trap. 3 @ FEE
The mixture is stirred for a few minutes to a homogeneous slurry, and about g‘a F ;9
1 ml or 1 gram of an amine is added. With constant and rapid stirring, this -“E‘ coceo © o o scos LI e
viscous mixture is brought to 90-130° C. (depending upon the catalytic activity or LaNiua W N o NN Eg“g" ;
of the amine used) in about 10 minutes by means of a Glas-Col electric heating 9% = fEe =
jacket, Sufficient heat is generated, after the reaction begins, to raise the %E mmmge = S O mmpe =
temperature of the reaction mixture to 140-155° C. This temperature rise %g EEBZE Bz NgFEEE g
continues for about 5 minutes. External heat is applied to the reaction flask so that 52 sog ® .zéré" EE“’ i . &
the temperature is maintained somewhere between 100°and 140°C. The over-all i S22 ;.Si EeE° g g g 5 E
reaction periods vary from 0.5 to 2.0 hours. f0 858 § £ % IS 2 3 o
When the reaction is complete, the product is poured into 0.5-1.0 liter of water £ E;E:T ) E; £ %‘ B X 5
and is thoroughly shaken. The lower organic layer, after separation, is washed oé g E 5 g =5 B E >
with two 250-ml. portions of water. e g ® 5 g 2
The combined aqueous washings are extracted with two 50-ml. portions of %é_ F 8% >
carbon tetrachloride, and the extract is added to the organic product layer. Z’}’ w9 §
Without further treatment this product is stripped in vacuo. In some runs the Y opgeoe o oem oo of gz =
R R L. . R o W Qo B o BN aQ o
stripped benzyl benzoate residue was distilled for purification. The results are g Swoow BE & wNe QpZR Q
given in Table 1L & & g
Assay oF IsTER BY SaponiFicaTioN. Fifty milliliters of 0.25 N potassium SEDER T BR 3 BES 5 55’ E
hydroxide are pipetted into each of three 600-ml. Erlenmeyer flasks. To two of IITIT T IT T TTT ! E«?H‘x g
these flasks, 1.500 to 1.750 grams of the ester are added; the third flask remains R5588 8 B8 8 BRm ST g g =
for the blank determination. The flasks are fitted with air-cooled reflux e g
condensers 90 cm. in length, and the contents are refluxed for 45 minutes on a o m?&’?*g 2
steam bath. After refluxing, 125 ml. of carbon-dioxide-free distilled water are TR e N e e §§§§ S
added to each flask, and the contents are immediately titrated with 0.3 N B g
sulfuric acid, using 5 drops of phenolphthalein solution as indicator. The two P w
determinations should check each other with a precision of 2%: S Paw o
So o°o © oo o o038 28¥F  §
percentage of ester = (21.224 X A X B)/C 28 BE B 55 5 mab f,:é ég B
where A = (ml. of acid required for blank) minus(ml. of acid required for sample) §. &% E
B = normality of acid °
C = weight of sample i
— jos]
MevrriNg PoinT oF BeNzyL BexzoaTeE, The melting point of each sample is 8 g8 g5 3 8 83% :’i‘} E ::!
determined by the conventional method of allowing a solidified sample to warm 22 22 R% % % NN E = 5
up gradually in an air-jacketed tube. The time-temperature data obtained are '§ E
plotted, the best straight lines are drawn through the two slopes of the curve, 2 99 o5 © o 995 7 8 =
and the point of intersection is taken as the melting point of the product. RE &R B8 B B 885 % 8 g
CHLORINE I¥ BENnzYL BENzOATE. It was found that benzyl chloride gives lower g )
values for chlorine by determination after refluxing with alcoholic sodium S8 8% 82 R ¥ 882 & g z
hydroxide than by determination after combustion in the Parr bomb. The Sw o e o wiw REg :
values obtained for the total chlorine content of benzyl benzoate samples = %
subjected to hydrolysis with alcoholic sodium hydroxide in pressure bottles e e = o e 53 S =
are also consistently lower than those obtained by the Parr bomb method. 8§ 88 8S 28 88_8 g g ;»% E’
Consequently, since the chlorine contents of the products are believed to arise MEDR 9D ® A GRS i%i” &
mainly from traces of benzyl chloride and sodium chloride, the Parr bomb :',; s g .
procedure was adopted for the determination of total chlorine in all benzyl D o e e ...g 9
benzoate samples. gLas 28 & & 383 §»§‘§ 5
LEEEE g® N J B¥& Rs | g
YIELDS g g ® =
Figures 1 and 2 show that the yield of benzyl benzoate depends upon two factors g _g‘.H - - . :
other than reaction temperature—namely, the ratio of benzyl chloride to sodium BT >3 i O b g
benzoate and the reaction time. An excess of sodium benzoate greatly reduces 3 : g R
the formation of benzyl aleohol from the hydrolysis of benzyl chloride. This fact, Q|3 E
- : : . . o oo ©° © o o000 Z8F (E o
together with the mass action effect imparted by an excess of sodium benzoates, N 238 & &
favors higher yields of the ester. The optimpum reaction period was found to be somE = wEF = E
about 6 hours. As Figure 2 shows, refluxing of the reaction mixture for 8 hours g 2
results in lower yields of benzyl benzoate. This is probably caused by saponifica- = = o g g 2 :?
tion of the ester after maximum yield has been reached. Benzyl alcohol produced 2 ‘R = 8 Z §7§ =
through the hydrolysis of the chloride was identified, after isolation by fractiona- 8>3
tion, by its refractive index, (n% 1.5392), and its urethan (melting point 76° C.) o mm o<bl £ 2 o
was prepared in the usual manner from phenyl isocyanate (8). EE- ’5-"5-55 U:“I : U:R‘ u:”: E’:”:% 0
Tables I and Il indicate that most of the benzyl benzoate samples prepared were g 5 EE & g g § EE ; §.§‘
not distilled but merely stripped in vacuo of all unreacted materials and by-prod- g £8 F T g %‘5::3 5,;,,
ucts. This was done because the development was considered as preliminary to A gg ; A
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larger-scale operation in which distillation of the final product
would be undesirable because of the high boiling point of the prod-
uct and unnecessary for the purposes of manufacture. One distilla-
tion of the combined stripped products (Table I) through a 6-inch
unpacked column of l-inch diameter produced a water-white
grade of benzyl benzoate having the properties given in column 1
of Table III. When samples of the same stripped benzyl benzo-
ate samples were washed twice before distillation with an equal
volume of 5%, aqueous sodium hydroxide, followed by two water
washes of twice the ester volume, the resulting water-white ben-
zyl benzoate was found to have somewhat superior properties
(column 2),

It may be postulated that the amine-catalyzed formation
of benzyl benzoate proceeds by formation of guaternary ammo-
nium intermediates. Schematically, the course of the reaction
may be written as follows:

Qomcl + RN ——— > QCHgNRﬁOr

Q@»—o—Nw

CURVE 2

I
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FIBURE 2.

EFFECT OF REACTION THE ON THE AQUECY.S
DOUBLE DECOMPOSITION BETWEEN BENZYL CHLORIDE
AND SOOIM BENZOATE

FO e CURVE | MOLAR RATIO OF BENZIL LHLORIDE TO SODIUM BENZOATE 1.5 o
CURVE ZMOLAR RATIO OF BENZYL CHLORIDE TO S0DIUM BENZOATE =0.66
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Tasre III, ProperTIES OF DI1sTiLLED BENzYL BENZOATE

Without After
Caustic Wash Caustic Wash

Melting point, ° C. 18.5 18.7
Boiling range at 2.5 mm, Hg, ° C. 131-133 132
Refractive index, n% 1.5687 1.5687
Specific gravity, d28 1.113 1.114
Ester content, 9 99.0 99.7
Chlorine content, % 0.28 0.00
Free benzoic acid, % <0.01 <0.01
Odor None None

On the other hand, triethanolamine and secondary amines such
as morpholine were found to be virtually inert, whereas diethyl-
amine exhibited only moderate activity, While most of the tertiary
amines tried gave good results, hexamethylenetetramine and
pyridine were found to be less desirable than triethylamine or N-
methylmorpholine, Pyridine consistently produced blackish,
dirty materials which required distillation for isolation of
a clean product. While hexamethylenetetramine pro-
duced almost water-white benzyl benzoate which re-
quired only solvent stripping, use of this catalyst re-
sulted in a product whose melting point was decidedly
lower than that produced by the other tertiary amines,
This lowering of the melting point was undoubtedly due to
the amine, or some degradation product thereof, included

" in the product probably as a quaternary ammonium galt,
Cooperative research

100° C, has been carried out at
Q_CHZ*O*C— TRN e CH:NE, +_Oﬁq® + Na*Cl- the Pennsylvania State
g or higher [O College with emphasis

This theory is based upon the fact that trialkyl benzyl ammonium
salts thermally decompose contrary to Hofmann’s rule (9) to pro-
duce a trialkyl amine and a benzy! derivative depending upon the
negative ion in the parent salt.

Tertiary amines such as triethylamine, N-methylmorpholine,
hexamethylenetetramine, and pyridine are all effective catalysts.

on reaction conditions

using triethylamine
as catalyst. If the sodium benzoate contained even small
amounts of free benzoic acid, the catalyst was correspondingly
neutralized and the reaction would not take place at steam bath
temperature. More catalyst or a higher temperature (about
165° C.) was then needed. For the same reason the reagents had
to be dry (11).
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In the products from the amine-catalyzed reaction, the ester
content, as determined by the saponification method described
above, consistently exceeded 100%. This discrepancy was prob-
ably caused by the presence in the product of another neutraliz-
able compound, which consumed an equivalent amount of so-
dium hydroxide and thus falsely appeared as ester in the results.

In the preparations presented in this paper, no attempts were
made to produce a chlorine-free grade of benzy! benzoate. How-
ever, both the aqueous process as well as the amine-catalyzed
nonaqueous process can produce a virtually chlorine-free product.
It is necessary to use a grade of benzyl chloride free of nuclear
chlorine—for example, that obtained from the chloromethylation
of benzene (2, 8), and to include washing procedures which will
remove all unused chloride as well as sodium chloride or nitrogen
compounds present in the reaction product.
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PRODUCTION OF DDT . . .

Condensing Action of Chlorosulfonic Acid
on Chloral Hydrate and Chlorobenzene

A new method of producing technical-grade DDT in 77%
yield by the reaction of chlorosulfonic acid with chloral
hydrate and chlorobenzene is presented. Although a
vield of DDT greater than 90% is obtainable when chloral
and chlorobenzene are condensed in an excess of sulfuric
acid-oleum mixture, the process here described is carried
out with the metathetical quantity of chlorosulfonic
acid on chloral hydrate and chlorobenzene. Laboratory
as well as best pilot plant procedures are outlined with
a discussion of purification methods. The effects of re-
action time and temperature on yield are shown. Since
the process, on account of its low acid requirement, is apt
to produce rather viscous products of DDT, a modifica-
tion of the method using inert, recoverable solvents-is
described. Material costs for the chlorosulfonic acid and
the conventional sulfuric acid-oleum processes, based on
available published data, are compared.

T PRESENT 1-trichloro-2,2-bis(p-chlorophenyl)ethane,

WALTER H. C. RUEGGEBERG!
AND DAVID J. TORRANS

Chemical Warfare Service, Technical Command
Edgewood Arsenal, Md.

X80;H (where X = halogen) and, more specifically, chlorosulfonic
acid, CISO;H, are excellent agents when used in metathetical quan-
tities (2 moles) for the condensation of chloral hydrate (1 mole)
with chlorobenzene (2 moles). Extensive laboratory and pilot
plant investigations have proved the feasibility of the method.

Since halosulfonic acids, and specifically chlorosulfonic acid,
are known to react with aliphatic alcohols (9) to form alkyl
sulfates, the following over-all reaction mechanism for the con-
densation between chloral hydrate and chlorosulfonic acid is
deemed likely: '

the insecticide commonly called DDT, is being produced in OH 4 0—80,—O0H
large quantities, both in this country and abroad, by condensing CCLCH  + CISO;H —> CCL,CH + HCl
chlorobenzene with chloral in the presence of a large excess of con~ \OH \OH
centrated sulfuric acid (2, 6, 7, 8). Inasmuch as some
of the present commercial producers of DDT also possess 0—80,—0H cl
facilities for the chlorination of ethanol, it has in some .
. 0 coLCH + C>01—-—> coLoH + HS0,
instances been found more economical to use chloral N
alcoholate, the end product of the ethanol chlorination, in OH OH
place of chloral or its hydrate. This method of con-
densation and its many variations are based upon the /QCI /Q(n
work of Zeidler (10), who was the first to synthesize DDT. CCLCH + CI80;H —> CCLCH + HCI
For the manufacturer using chloral hydrate as a raw N OH . 0—S0,—OH
material, an alternate condensing agent was sought, in 2
order to avoid the many troublesome operations con- )
nected with the handling of large volumes of sulfuric /QCI Cl
acid. It was found that halosulfonic acids of the type CCLCH + Ol —> 0013041 4 H,80,
1 Present address, Carbide and Carbon Chemicals Corporation, \O——Soz——OH \ Cl

South Charleston, W. Va.



