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NOMENCLATURE

Preparations are listed under the names which are used com-
monly for the compounds. For the convenience of those who
wish to make a complete survey of the literature on any prepara-
tion, the Chemical Absiracts indexing name for each compound
is given as a subtitle when that name differs from the title of the
preparation.

NOTICE TO SUBMITTERS OF PREPARATIONS

Organic Syntheses invites the submission of preparations of
compounds which are of general interest or which illustrate useful
synthetic methods. Preparations are welcomed particularly
from those who have had occasion to work out the optimum con-
ditions of preparation. The directions should be written in the
style employed in the latest volume of Organic Syntheses. A
copy of the current style sheet will be sent to those who request
it. Full details for all steps in the procedures should be included,
and the range of yields should be reported rather than the maxi-
mum yield obtainable. Wherever possible the melting point,
the boiling range at various pressures, and the refractive index
of each product should be given. The method of preparation or
source of compounds used should be recorded as well as criteria
of purity. Two copies of the directions should be sent to the
Secretary. Additions, corrections, and improvements to previ-
ously published preparations are likewise welcomed.

iv



ACID ANHYDRIDES
RCOX + CzH;zN + R'CO:H — RCOOCOR’ 4 C;HsN-HX

Submitted by C. F. H. ALLEN, C. J. KiBLER, D. M. McLAcHLIN, and
C. V. WILsoN.
Checked by Crirr S. HamiLToN, DEXTER SHARP, and R. KRETZINGER.

1. Procedure

A. Heptoic ankydride (enanthic ankydride). In a 250-ml. round-
bottomed three-necked flask, equipped with a stirrer, dropping
funnecl, and thermometer, are placed 15.8 g. (16.1 ml., 0.2 mole)
of dry pyridine (Note 1) and 25 ml. of dry benzene (Note 2).
Then 14.8 g. (15.5 ml., 0.1 mole) of heptoyl chloride (Note 3) is
added rapidly to the stirred solution. The temperature rises
only slightly, and a pyridinium complex separates, While stir-
ring is continued, 13.0 g. (14.1 ml, 0.1 mole) of heptoic acid
(Note 3) is added from the dropping funnel over a period of 5
minutes. The temperature rises rapidly to 60-65° (Note 4), and
pyridine hydrochloride is formed. After stirring for 10 minutes,
the solid is collected on a chilled Biichner funnel and washed
twice with 25-ml. portions of dry benzene (Note 5).

The filtrate is concentrated under reduced pressure on the
steam bath, and the residue is distilled using a 200-ml. modified
Claisen flask.! The fraction boiling up to 155°/12 mm. is dis-
carded; the anhydride is collected at 155-162°/12 mm. (170-
173°/15 mm.). It amounts to 19-20 g. (78-839%,).

B. p-Chlorobenzoic anhydride (benzoic anhydride, p,p’-di-
chloro-). A mixture of 17.5 g. (0.1 mole) of p-chlorobenzoyl
chloride (Note 6) and 50 ml. (0.6 mole) of pyridine in a loosely

stoppered 200-ml. flask is warmed on the steam bath for 5 min-
1



2 ORGANIC SYNTHESES

utes and poured upon 100 g. of cracked ice and 50 ml. of con-
centrated hydrochloric acid (sp. gr. 1.18). The anhydride sep-
arates at once; as soon as the ice has melted sufficiently the mix-
ture is filtered by suction. The solid is washed once with 15 ml.
of methanol, then with 15 ml. of dry benzene. The yield is
14.2-14.6 g. (96-98%). Though suitable for most purposes, the
crude product can be purified by recrystallization from 250 ml.
of dry benzene; the recovery is 90%:; it melts at 192-193°.

2. Notes

1. The pyridine was Eastman grade which was dried by long
standing over potassium hydroxide for A but used without fur-
ther drying in B. Presumably the anhydride would not be ob-
tained in good yield ! from pure acid chloride in B, if the rcac-
tion mixture did not contain about 0.9 g. of water.

2. The benzene is dried by distilling the first 109, and using
the residue directly.

3. The heptoyl chloride, b.p. 173-175° and the heptoic acid,
b.p. 108-109°/9 mm., were obtained from the Eastman Kodak
Company.

4, When preparing larger amounts, it would probably be
better to control the temperature by external cooling as well as
by the rate of addition of the acid.

5. Pyridine hydrochloride is hygroscopic; the filtration should
be done rapidly, using a Biichner funnel.

6. p-Chlorobenzoyl chloride (m.p. 14-15°) is readily obtained
by refluxing and stirring 156 g. (1.0 mole) of p-chlorobenzoic acid
(obtained by the procedure for the o-isomer %) and 200 g. (1.7
moles) of thionyl chloride until solution is complete. The un-
used thionyl chloride is distilled, under slightly reduced pressure,
and the product at 10 to 25 mm.; the yield of p-chlorobenzoyl
chloride, b.p. 119-120°/22 mm. is 131-142 g. (75-81%,). An ad-
ditional amount can be secured by working up the fore-run and
residue.



ACID ANHYDRIDES 3

3. Methods of Preparation

The procedures as outlined are af)plicable to both the aliphatic
and aromatic series. They are superior to the common inter-
change method ® in that they avoid the fractional distillation
which is very troublesome in the aliphatic series. They have
been used in numerous instances 412 and can be adapted to give
mixed anhydrides.® Benzoic anhydride has been obtained, by
closely related procedures, from benzoic acid and benzoyl chloride
by heating under reduced pressure ™ or in the presence of zinc

chloride.1®

References

1 Org. Syntheses Coll. Vol. 1, 130 (1941).

2 Org. Syntheses, 10, 20 (1930); Coll. Vol. 2, 135 (1943).

3 Org. Syntheses Coll. Vol. 1, 91 (1941).

¢ Minunni, Gazz. chim. ital., 22, 213 (1892).

8 Einhorn and Holland, Ann., 301, 95 (1898).

¢ Wedekind, Ber., 34, 2070 (1901).

7 Losanitsch, Monalsh., 85, 318 (1914).

& Benary, Reiter, and Soenderop, Ber., 80, 73 (1917).

9 Rule and Paterson, J. Ckem. Soc., 125, 2161 (1924).

10 Allen, Wilson and Ball, Can. J. Rescarch, 9, 434 (1933).

U Ipatieff and Friedman, J. Am. Chem. Soc., 61, 686 (1939).

12 Fuson, Corse and Rabjohn, J. Am. Chem. Soc., 63, 2852 (1941).
13 Knoll and Co., Ger. pat. 117, 267 [Frdl., 6, 146 (1900-1902)].
¥ Dvornikoff, U. S. pat. 1,948,342 [C. 4., 28, 2730 (1934)].

B Doebner, Ann., 210, 278 (1881).
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ALLYL LACTATE
(Lactic acid, allyl ester)

#nHOCH(CH3)COOH — HO[CH(CH3)COOLH + (# — 1) Hy,O

HO[CH(CHj3)COO],H + nCHy;=CHCH,0H —
nHOCH(CH3)COOCH,CH=CH; + H,0

Submitted by CHESSIE E. REHBERG.
Checked by H. R. SNYDER and FRED E. BOETTNER,

1. Procedure

Six hundred and seventy-five grams (6 moles) of 809 lactic
acid (Note 1), 300 ml. of benzene and 5 ml. of concentrated sul-
furic acid are placed in a 3-1. three-necked round-bottomed flask
having a capillary ebullition tube in one neck. The flask is at-
tached to a Vigreux column 75 cm. in length, having at its top a
trap of the Dean and Stark type, preferably the Barrett modifica-
tion carrying a stopcock (Note 2), and a reflux condenser. The
mixture is refluxed, and the aqueous layer is withdrawn from the
trap until liberation of water becomes slow or until noticeable
darkening of the material begins (Note 3). Then 1394 g. (1635
ml. or 24 moles) of allyl alcohol is added (Note 4), and refluxing
and removal of water are continued until production of water
ceases (Note 5). The acid catalyst is then neutralized with an-
hydrous sodium acetate (18 g.) (Note 6), and the fractionating
column is replaced by a short distillation head leading to a 3-l.
round-bottomed receiving flask cooled in salt and ice. The liquid
is distilled rapidly under diminished pressure, first at the water
pump and finally at a pressure of about 5 mm. A viscous residue
(about 130 g.) containing inorganic salts is discarded. The dis-
tillate is fractionated through the column used in the first steps.
The trap at the reflux condenser is replaced with a still head ar-
ranged for controlled partial take-off. The first fraction is the
benzene-allyl alcohol binary azeotrope, which distils at 76.8°
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and contains 17.49, of the alcohol. Frequently a small amount
of allyl ether is obtained at 94-95°. Allyl alcohol is then dis-
tilled at 97° until most of it is removed and the temperature of
the residue in the pot reaches about 120°. The pressure is re-
duced to about 50 mm. while the remainder of the alcohol is re-
moved. Finally the allyl lactate is distilled at 56-60°/8 mm.
(Note 7). It amounts to 693-710 g. (89-919%,) (Note 8).

2. Notes

1. The lactic acid used was the commercial edible grade and
was almost colorless. The checkers used 635.6 g. of 857, lactic
acid, u.s.p. The lower grades of commercial acid probably would
give somewhat lower yields.

2. A suitable piece of apparatus is listed in Catalog LP-24,
p. 43 (1944), of the Corning Glass Works.

3. Generally, about 35 ml. of water per mole of 809, lactic
acid is obtained at this stage, and 4-6 hours of refluxing is re-
quired for its removal. The linear lactic acid polymer thus pro-
duced contains approximately 3 lactic acid units.

4. A large cxcess of alcohol is essential for a high yield of
ester. Thus, when the ratio of alcohol to acid is 41, the yield is
90%; when it is 3:1, the yield is 85-889; when it is 2:1, the
vield is about 65%; and when it is 5:3, the yield is 58-609%.

5. The checkers found this distillation to require about 16
hours. The distillate is the ternary azeotrope. It consists of
8.6%, water,! 9.29 allyl alcohol, and 82.29, benzene, and boils
at 68.2°. The aqueous layer contains some allyl alcohol, though
this loss is insignificant, since only about 15 ml. of the aqueous
layer is obtained from each mole of lactic acid used.

6. It is essential to neutralize any strong acid present before
distilling lactic esters; otherwise, condensation by ester inter-
change occurs, with liberation of alcohol and production of
“polylactic acid,” a linear polyester. Other neutralizing agents,
such as alkali or alkaline-earth hydroxides or carbonates, doubt-
less could be used satisfactorily instead of sodium acetate.

7. Allyl lactate is a clear, colorless, mobile liquid boiling at
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60°/8 mm., 79°/25 mm., and 175-176°/740 mm. Other proper-
ties are d2°, 1.0452; #¥, 1.4369.

8. This method of preparation is suitable for producing
primary alkyl lactates but is unsatisfactory for g-methallyl lac-
tate because the strong mineral acid catalyzes the rearrangement
of methallyl alcohol to isobutyraldehyde. Methyl lactate ? can
be made conveniently (80-859%, yield) by heating 1 mole of lactic
acid condensation polymer with 2.5-5 moles of methanol and a
small quantity of sulfuric acid at 100° for 1-4 hours in a heavy-
walled bottle, such as is used for catalytic hydrogenation with a
platinum catalyst. -

3. Methods of Preparation

Allyl lactate has been prepared by the repeated treatment of
lactic acid or its polymer with allyl alcohol in the presence of
mineral acid.?

References

1 Lange, “Handbook of Chemistry,” 4th ed., p. 1217, Handbook Publishers,
Sandusky, Ohio, 1941,

2 Filachione, Fein, Fisher, and Smith, “Continuous Methods for Dehydrating
Lactic Acid and Preparing Methyl Lactate and Methyl Acetoxypropionates,” pre-
sented before the Division of Industrial and Engineering Chemistry at the 105th
meeting of the American Chemical Society, Detroit, Michigan, April 12, 1943,

3 Fisher, Rehberg, and Smith, J. Am. Chem. Soc., 65, 763-767 (1945).
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AMINOGUANIDINE BICARBONATE

(Guanidine, amino-, bicarbonate)

3Zn + HoNC(=NH)NHNO, + CH3COzH + 4H.0 —
HoNC(=NH)NHNH,-CH3CO.H + NaHCO; —
HoNC(=NH)NHNH;-H;CO;3 + CH3COzNa

Submitted by R. L. SHRINER and FREp W. NEUMANN,
Checked by HoMER ApkiINs and M, J. Curry,

1. Procedure

Two hundred and sixteen grams (2.07 moles) of nitroguani-
dine ! and 740 g. (11.3 moles) of purified zinc dust (Note 1) are
thoroughly ground together in a mortar, and then enough water
(about 400 ml.) is added with stirring with the pestle to form a
thick paste. The paste is transferred to a 3-1. enameled can or
beaker surrounded by an ice bath. A solution of 128 g. (2.14
moles) of glacial acetic acid in 130 ml. of water is cooled to 5°
in another 3-1. beaker, which is fitted with a strong mechanical
stirrer and surrounded by an ice bath. The paste of nitro-
guanidine and zinc dust, cooled to 5° is added slowly with
mechanical stirring, keeping the temperature of the reaction
mixture between 5° and 15°. A total of about 1 kg. of cracked
ice is added to the mixture from time to time as the mixture be-
comes too warm or too thick to stir. The addition of the paste
takes about 8 hours, and the final volume of the mixture is about
1.51. (Note 2). The mixture is then slowly warmed to 40° on a
water bath with continued stirring, and this temperature is main-
tained for 1-5 minutes, until reduction is complete (Note 3).

The solution is immediately separated from the insoluble
material by filtration on a 20-cm. Biichner funnel, and the cake
is sucked as dry as possible. The residue is transferred to the
3-l. beaker, triturated well with 1 1. of water, and then separated
from the liquid by filtration. In the same manner, the residue
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is washed twice more with two 600-ml. portions of water. The
filtrates are combined and placed in a 5-1. round-bottomed flask.
Two hundred grams of ammonium chloride is added, and the
solution is mechanically stirred until solution is complete
(Note 4). Stirring is continued, and 220 g. (2.62 moles) of solid
sodium bicarbonate is added during a period of about 10 minutes.
The aminoguanidine bicarbonate begins to precipitate after a few
minutes, and the solution is then placed in a refrigerator over-
night. The precipitate is collected by filtration on a Biichner
funnel. The cake is removed to a 1-l. beaker and mixed with a
400-ml. portion of a 5%, solution of ammonium chloride and fil-
tered. It is again washed with two 400-ml. portions of distilled
water, the wash solution being removed each time by filtration.
Finally the solid is pressed down on the Biichner funnel; the mat is
broken up with a spatula and washed while on the funnel with
two 400-ml. portions of 95, ethanol and then with one 400-ml.
portion of ether. After air drying, the aminoguanidine bicar-
bonate amounts to 180-182 g. (63-64%) of a white solid, melting
at 172° with decomposition (Notes 5 and 6).

2. Notes

1. The zinc is purified by stirring 1.2 kg. of commercial zinc
dust with 3 1. of 29, hydrochloric acid for 1 minute. The acid is
removed by filtration, and the zinc is washed in a 4-1. beaker with
one 3-1. portion of 29, hydrochloric acid, three 3-1..portions of dis-
tilled water, two 2-1. portions of 957, ethanol, and finally with
one 2-1. portion of absolute ether, the wash solutions being re-
moved each time by filtration. Then the material is thoroughly
dried and any lumps are broken up in a mortar.

2. The solution becomes basic to litmus after one-half to
three-fourths of the paste has been added. Lower yields are ob-
tained if a larger excess of acetic acid is employed.

3. The state of reduction can be determined by placing 3
drops of the reaction mixture in a test tube containing 5 ml. of a
109 solution of sodium hydroxide and then adding 5 ml. of a
freshly prepared saturated solution of ferrous ammonium sul-
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fate. A red coloration indicates incomplete reduction; when the
reduction is complete, only a greenish precipitate is observed.
The mixture should not be heated after this test shows that re-
duction is complete.

4. The presence of the ammonium chloride prevents the co-
precipitation of zinc salts when sodium bicarbonate is added to
the solution to precipitate the aminoguanidine as the bicarbon-
ate. If the solution is not clear at this step, it should be filtered.

5. The aminoguanidine bicarbonate is pure enough for most
purposes. It should not be recrystallized from hot water, since
decomposition will occur.

6. W. W. Hartman and Ross Philips have submitted a proce-
dure suitable for the preparation of aminoguanidine bicarbonate
on a larger scale. The sulfates of methylisothiourea and of hydra-
zine are allowed to react with the evolution of mecthyl mercaptan.
In a 30-gal. crock are placed 10 . of water and 5760 g. (20 moles)
of methylisothiourea sulfate.* In a 22-1. flask, 5200 g. (40 moles)
of hydrazine sulfate ¢ is stirred with 12 1. of water, and 409, so-
dium hydroxide is added until all the hydrazine sulfate has dis-
solved and the solution is just neutral to Congo paper. The exact
amount of alkali is noted and a duplicate amount added. The
hydrazine solution is then added to the 30-gal. crock with stir-
ring, as fast as possible, without allowing the foam to overflow
the crock. The mixing is done out-of-doors, or in an efficient
hood, since large volumes of methyl mercaptan are evolved. If
the reaction is carried out on a smaller scale in 12- or 22-1. flasks,
using appropriate amounts of material, the methyl mercaptan
evolved may be absorbed in cold sodium hydroxide solution and
isolated if desired. The solution is stirred until evolution of
mercaptan stops, and then a few liters of water are distilled off
under reduced pressure to free the solution entirely from mer-
captan. The residual liquor is chilled in a crock, and a crop
of hydrated sodium sulfate is filtered off, washed with ice water,
and discarded. The filtrate is warmed to 20-25°, 25 ml. of glacial
acetic acid is added, then 4 kg. of sodium bicarbonate, and the
solution is stirred vigorously for 5 minutes and thereafter occa-
sionally during an hour, or until the precipitate no longer in-
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creases. The precipitate is filtered with suction and washed with
ice water and then with methyl alcohol, and is dried at a tempera-
ture not above 60-70°. The yield is 3760 g. (699, of the theo-
retical amount). Hydrazine sulfate may be recovered from the
final filtrate, if the filtrate is strongly acidified with sulfuric acid
and allowed to cool.

3. Methods of Preparation

Numerous references for the preparation of aminoguanidine
bicarbonate and other salts can be found in the excellent review
article, “The Chemistry of Aminoguanidine and Related Sub-
stances” by Lieber and Smith.? More recently, it has been pre-
pared by treating a cyanamide solution at 20-50° with hydra-
zine and carbon dioxide.?

References

1 Org. Syntheses Coll. Vol. 1, 399 (1941).

2 Lieber and Smith, Ckem. Ress., 28, 213-271 (1939),
3 Zieke, Ger. pat. 689, 191 [C. 4., 85, 3650 (1941)].

4 Org. Syntheses Coll. Vol. 2, 411 (1943).

5 Org. Syntheses Coll. Vol. 1, 309 (1941).
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3-AMINO-1,2,4-TRIAZOLE

(1,2,4-Triazole, 3-amino-)

[NH;C(=NH)NHNH,],-H;S04 4+ 2CO; + 2H;0

[NH,C(=NH)NHNHCHO];-H,S0, + 2H,0

[NH,C(=NH)NENHCHO];- H,80; + NayCO5 —
N C—NH,
I I + NapSO4 + 3H,0 + CO2
2HC N
\../

N
H

Submitted by C. F. H. ALLEN and A. BELL.
Checked by R. L. SHRINER and FRED W. NEUMANN,

1. Procedure

To 68 g. (0.5 mole) of aminoguanidine bicarbonate (p. 7)
in a 500-ml. round-bottomed flask is added carefully the cold di-
lute sulfuric acid (0.24 mole), made from 24.5 g. of concentrated
acid (sp. gr. 1.84) and 50 ml. of water. After the gas evolution
has subsided, the solution is heated for 1 hour on a steam bath
and then evaporated to dryness under a pressure of about 15 mm.

To the white residue (Note 1) are added 25 g. of 98-1009,
formic acid and 2-3 drops of concentrated nitric acid. The mix-
ture is heated for 24 hours on a steam bath. The resulting syrup
is dissolved in 100 ml. of water and, with the temperature at 50°,
is carefully treated with 25 g. of anhydrous sodium carbonate.
The solution is then placed in an evaporating dish and evaporated
to dryness on the steam bath. The residue is extracted twice by
boiling it with 200-ml. portions of absolute ethanol, and the alco-
hol solutions are filtered. The alcohol is removed by evapora-
tion and the residue triturated with 100 ml. of a mixture of equal
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parts of dry ethanol and dry ether and collected on a filter. The
yield of crude 3-amino-1,2,4-triazole is 33-36 g. (79-86%). The
melting point varies (Note 2). The crude product is purified by
dissolving it in 140 ml. of boiling absolute ethanol, treating it
with 1 g. of Norite, and filtering. To the filtrate is added 50 ml.
of ether, and the solution is placed in a refrigerator for 48 hours.
The aminotriazole crystallizes and is collected by filtration. It
weighs 20-25 g. (60-73%, recovery) and melts at 153° after sof-
tening at 148°.

2. Notes

1. If aminoguanidine sulfate is available, the first part of this
preparation may be omitted and 61.5 g. of the sulfate treated with
formic acid as directed in the second paragraph.

2. The crude material from one run melted at 125-143°, but
the melting point changed to 140-150° upon drying over phos-
phorus pentoxide at 100° under a pressure of 10 mm. Another
crude sample melted at 145-147°.

3. Methods of Preparation

3-Amino-1,2,4-triazole has been prepared by evaporating
formylguanidine nitrate with sodium carbonate,! and from 5(3)-
amino-1,2,4-triazole carboxylic acid-3(5) by heating above its
melting point, 2-3-4 or by a long digestion with acetic acid.!
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1 Thiele and Manchot, Ann., 303, 45, 54 (1898).

3 Curtius and Lang, J. prakt. Chem., (2) 38, 554 (1888).
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BENZYL CHLOROMETHYL KETONE 13

BENZYL CHLOROMETHYL KETONE
(2-Propanone, 1-chloro-3-phenyl-)

CH3N(NO)COOC.H; 4 2KOH —
CH,N; + K,CO3 + C;H;OH + H,0
Ce¢HsCH,COCI + 2CH;N; —

CgH;CH,COCHN, + CH;3Cl1 + N
C6H5CH2COCHN2 + HCl — CBHscchOCHz(:l + Nz

Submitted by WarreN D. McPuEE and ERwIN KLINGSBERG,
Checked by NATHAN L. DRAKE and MARVIN SCHWARTZ,

1. Procedure
Diazomethane is poisonous and explosive.

Twelve grams (0.21 mole) of ground potassium hydroxide is
dissolved in 45 ml. of #-propyl alcohol in a three-necked 500-ml.
‘flask set on a stcam bath so that the mixture can be warmed.
Two necks of the flask are fitted with dropping funnels. A Vi-
greux fractionating column (25 cm. in length and 12 mm. in
diameter) is inserted in the third neck of the flask. The column
is connected, through a condenser and adapter, to a filter flask
set in ice as the receiver. The side arm of the receiver is fitted
with a drying tube. About an hour and a half is required to dis-
solve the hydroxide, whereupon an additional amount of alcohol
is added to bring the total volume to 50 ml. The solution is then
cooled, and 100 ml. of absolute ether is added. Through one
dropping funnel is added dropwise 20 ml. of nitrosomethylure-
than ! (equivalent to 0.10 mole of diazomethane; Note 1). The
flask is warmed on a steam bath so that diazomethane distils over
with ether while the nitrosomethylurethan is being added. The
addition requires about 20 minutes. During this operation more
dry cther is added as needed, through the second dropping funnel,
until the total volume of ether distillate is 250 ml. When the
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ether distilling over is colorless, the distillate is transferred to
another three-necked 500-ml. flask, equipped with a mechanical
stirrer, a dropping funnel, and a condenser. To the stirred solu-
tion is added, over a period of 15 minutes, a solution of 6.6 ml.
(7.7 g., 0.050 mole) of phenylacetyl chloride in 10 ml. of absolute
ether. A copious evolution of nitrogen accompanies this opera-
tion.

After standing for 2 hours, the solution of diazoketone is
cooled in ice and treated with dry gaseous hydrogen chloride
until the passage of the gas no longer causes evolution of nitro-
gen (Note 2). At the end of this time, the original yellow color
of the solution has changed to an orange-red. About 100 ml. of
water is slowly and cautiously added to the ether solution in
order to cause a scparation into two layers. An additional 50 ml.
of water is then added to give a more complete separation. The
ether layer is then washed with two 50-ml. portions of a 59 solu-
tion of sodium carbonate in water. The ether solution is dried
with anhydrous calcium chloride or calcium sulfate, the solvent
evaporated, and the product distilled. The yield of benzyl
chloromethyl ketone, b.p. 133-135°/19 mm. or 96-98°/1 mm.,
is 7.0-7.1 g. (83-85%,) (Notes 3 and 4).

2. Notes

1. The yield of diazomethane from nitrosomethylurethan is
usually given as 0.005 mole per ml.2 Another method for the
preparation of diazomethane has recently been described.?

2. This usually requires about 25 minutes. In certain runs,
the hydrogen chloride caused the deposition of a dark red floc-
culent solid, which was removed by filtration. The yield was then
5-109%, lower. This can apparently be avoided by waiting 2
hours, as directed, and by cooling the solution before the hydrogen
chloride treatment.

3. This method is general for chloromethyl ketones. Yields
of 75-85% may be obtained using hydrocinnamoy! chloride or
diphenylacetyl chloride. i

4. Diazomethane is poisonous and explosivet The preparation
should be carried out in a good hood.
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3. Method of Preparation

Benzyl chloromethyl ketone has been prepared by the reac-
tion of diazomethane with phenylacetyl chloride. The method
of Clibbens and Nierenstein,® in which one equivalent of diazo-
methane is added to the acyl chloride and the chloromethyl ke-
tone obtained directly, could not be duplicated by Bradley and
Schwarzenbach ¢ or by the submitters.
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2-BROMOPYRIDINE
(Pyridine, 2-bromo-)

N N
| + HBr — | Bra
I\( NH2 N/ NH2 -HBr W‘)

HBr
NaOH N
a “Perbromide” ——— I
/Br
N

Submitted by C. F. H. ALLEN and JouN R, THIRTLE.
Checked by Curr S. HAMILTON and CaRroL K. IKEDA.

1. Procedure

In a 5-1. 3-necked flask fitted.with a mechanical stirrer (Note
1), a dropping funnel, and a thermometer for reading low temper-
atures is placed 790 ml. (7 moles) of 489, hydrobromic acid. The
flask and contents are cooled to 10-20° in an ice-salt bath, and
150 g. (1.59 moles) of 2-aminopyridine (Note 2) is added over a
period of about 10 minutes. While the temperature is kept at
0° or lower, 240 ml. (4.7 moles) of bromine is added dropwise
(Note 3). A solution of 275 g. (4 moles) of sodium nitrite in 400
ml. of water is added dropwise over a period of 2 hours, the tem-
perature being carefully maintained at 0° or lower (Note 4).
After an additional 30 minutes of stirring, a solution of 600 g.
(15 moles) of sodium hydroxide in 600 ml. of water is added at
such a rate that the temperature does not rise above 20-25°
(Note 5). The nearly colorless reaction mixture is extracted with
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four 250-ml. portions of ether (Note 6). The extract is dried for
1 hour"over 100 g. of solid potassium hydroxide and is then dis-
tilled through a Vigreux column 15 cm. in length. 2-Bromopyri-
dine distils at 74-75°/13 mm., and the yield is 216-230 g. (86—
92%,) (Note 7).

2. Notes

1. A stirrer which gives efficient stirring near the walls of the
flask is advisable. The fittings should not be gas tight since
oxides of nitrogen and bromine are evolved during the reaction.
It is advisable to work in a hood or out-of-doors.

2. The checkers used Eastman Kodak Company’s Practical
grade of 2-aminopyridine.

3. The reaction mixture thickens, owing to formation of a
yellow-orange perbromide during the addition of about one-half
of the bromine; the first half of the bromine is added over a period
of 30 minutes; the second half, over a period of 15 minutes.

4. The ice-salt bath is renewed before the sodium nitrite is
added and once during the addition.

5. The color of the reaction mixture darkens during the addi-
tion of the alkali but becomes light ycllow toward the end.

6. The separation into layers may not take place readily.
The use of a “lilly” may be helpful in separating the ether layer.
A “lilly” ! is essentially a U-tube having unequal legs, the shorter
of which has a flared top. It is easily prepared from a thistle or
funnel tube by making a U bend just below the funnel. In use, a
suction flask to act as a receiver is attached by means of rubber
tubing. With this device it is a simple matter to draw off the
upper layer when making separations, in any wide-mouth bottle
or open jar. It may be necessary to filter the intermediate layer
before attempting the separation.

7. This procedure can be used with 7 times the above amounts
in a 22-1. flask, cooled in a half-barrel. A “Lightnin” stirrer is
required (Model C-2).
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3. Methods of Preparation

2-Bromopyridine has been made by direct bromination of
pyridine; ? from N-methyl-2-pyridone with phosphorus penta-
bromide and phosphorus oxybromide; 3 from 2-aminopyridine by
diazotization with amyl nitrite in 209, hydrobromic acid; ¢ from
sodium 2-pyridinediazotate by solution in concentrated hydro-
bromic acid; ® and from 2-aminopyridine by diazotization in the
presence of bromine and concentrated hydrobromic acid.® The
method described here is essentially that of Craig.
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n-BUTYL ACRYLATE
(Acrylic acid, n-butyl ester)

CH;=CHCOOCH3 + C4HyOH —
CHy;=CHCOOC,H, + CH;0H

Submitted by CHEssIE E. REHBERG.
Checked by H. R. SNyDER and FreD E. BOETTNER.

1. Procedure

In a 2-1. two-necked round-bottomed flask having a capillary
ebullator tube in one neck (Note 1) are placed 371 g. (5 moles)
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of n-butyl alcohol, 861 g. (10 moles) of methyl acrylate, 20 g. of
hydroquinone, and 10 g. of p-toluenesulfonic acid (Note 2). The
flask is attached to an all-glass fractionating column, preferably
one without packing such as the Vigreux type (Note 3), and the
solution is heated to boiling in an oil bath. The column is oper-
ated under total reflux until the temperature of the vapors at
the still head falls to 62-63°, which is the boiling point of the
methanol-methyl acrylate azcotrope (Note 4). This azeotrope
is then distilled as rapidly as it is formed, the temperature at the
still head not being allowed to exceed 65°. When the production
of methanol has become very slow (6-10 hours), the excess methyl
acrylate is distilled, and the butyl acrylate is then distilled,
preferably at 10-20 mm. It boils at 39°/10 mm., 84-86°/101—
102 mm., and at about 145° at atmospheric pressure. The yield
is 500 to 600 g. (78-949,) (Note 5).

2. Notes

1. The capillary is used to introduce a gas to prevent bump-
ing and superheating during the vacuum distillation of the prod-
uct. As air has some tendency to catalyze polymetization of the
acrylic ester, if it is introduced through the capillary the amount
must be as small as possible. The gas introduced should be an
inert one, such as carbon dioxide or nitrogen. If polymeriza-
tion is troublesome, it may be advantageous to pass in a slow
stream of carbon dioxide through the capillary during the entire
reaction period.

2. Sulfuric acid is also a very satisfactory catalyst; aluminum
alkoxides also are useful, especially when the alcohols would be
adversely affected by strong acids. Sodium alkoxides produce
undesirable side reactions and give lower yields. When alkaline
catalysts are employed, an alkaline polymerization inhibitor,
such as p-phenylenediamine or phenyl-g-naphthylamine, should
be used instead of hydroquinone.
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3. The fractionating column should be one which can be
cleaned readily if a polymer is formed in it. A large number of
plates is not required, though the column should be capable of
separating the methanol-methyl acrylate azeotrope (b.p. 62-63°)
from methyl acrylate (b.p. 80°) and butanol (b.p. 117°) from
butyl acrylate (b.p. 145°). The necessity of effecting the latter
separation can be practically eliminated by allowing the reaction
to go virtually to completion, all the butanol thus being con-
sumed. This can be done by extending the rcaction period as
long as reaction occurs and by adding a considerable excess of
methyl acrylate. Instead of the twofold excess specified, three
or four times the theoretical amount may be used with benefit.
The larger amount is especially desirable when the acrylate of a
relatively unreactive alcohol is being prepared.

4. The methanol-mcthyl acrylate azcotrope contains about
459, methyl acrylate, which can be recovered by washing out
the methanol with a large volume of water or brine; the acrylate
is purified by drying and distilling. An inhibitor, such as hydro-
quinone, should always be added to any acrylic cster before at-
tempting to distil it, and, unless it is stored in a refrigerator, the
distilled ester should not be kept more than a few hours without
the addition of a small amount (0.1-1.0%) of an inhibitor.

5. Yields of the primary alkyl acrylates vary somewhat, ow-
ing to occasional losses through formation of polymer, but are
usually in the range of 85-99%,. Some secondary alcohols react
very slowly, others readily. The method has been applied to
more than fifty alcohols, some of which (with percentage yiclds)
are listed below: ethyl, 99%; isopropyl, 37%; n-amyl, 87%; iso-
amyl, 95%; n-hexyl, 99%; 4-methyl-2-pentyl, 95%; 2-ethylhexyl,
95%; capryl, 80%; lauryl, 92%; myristyl, 90%; allyl, 70%; fur-
furyl, 86%; citronellyl, 91%; cyclohexyl, 93%; benzyl, 81%; 8-
ethoxyethyl, 99%; B-(6-phenoxyethoxy)ethyl (from diethylene
glycol monopheny! ether), 88%.
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3. Methods of Preparation

n-Butyl acrylate has been prepared by direct esterification,?!
by debromination of #-butyl «,8-dibromopropionate with zinc,?
by treatment of either butyl g-chloropropionate® or butyl g-
bromopropionate ! with diethylaniline, and by the pyrolysis of
butyl g-acetoxypropionate.! Direct csterification and alcoholy-
sis of methyl or ethyl acrylate have been recommended for the
preparation of the higher alkyl acrylates.
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DI-(p-CHLOROPHEN YL)-ACETIC ACID
(Acetic acid, di-(p-chlorophenyl))

(p-CIC4H,),CIICCl; + KOH —
(p-ClCgH,4),C=CCl, + KCl + H,0
(p-CICgH4)3C=CCl,; + 3KOH —
(p-CIC4H,),CHCOOK + 2KCI + H,0
(p-CIC¢H,4):CHCOOK + H,S0, —
(p-CICeH4)sCHCOOH + KHSO,4

Submitted by OLiveEr GRuMMITT, ALLEN Buck, and RicuARD EcaN,
Checked by LEE IrRvIN SmITH, R. T, ARNOLD, and PauL N. Craic,

1. Procedure

A mixture of 400 ml. of diethylene glycol (Note 1) and 49.5 g.
(0.14 mole) of 1,1-di-(p-chlorophenyl)-2,2,2-trichloroethane
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(Note 2) is placed in a 1-1. three-necked flask fitted with a stirrer,
reflux condenser, and thermometer. To this is added a solution
of 63 g. (1.12 mole) of potassium hydroxide in 35 ml. of water.
The mixture is stirred and refluxed for 6 hours at such a rate that
the temperature is maintained at 134-137° (Notes 3 and 4).
‘The mixture is allowed to cool and, with vigorous stirring, is
" poured into 1 1. of cold water. The insoluble material is filtered
and washed twice with 50-ml. portions of warm water (Note 5).
The filtrate is then boiled gently for 5 minutes with 2 g. of Norite;
the carbon is removed, the filtrate is acidified to litmus with 209,
sulfuric acid (approximately 120 ml.), and then an additional
30 ml. of acid is added. The mixture is cooled to 0-5°; the pre-
cipitate is collected by filtration under suction, washed free of
sulfate ions with water, and dried at 100-110°. The product is
di-(p-chlorophenyl)-acetic acid melting at 163-165°; it weighs
27-28.5 g. (69-739%,). For purification, this material is dissolved
in 100 ml. of boiling 959, alcohol, the solution is filtered, and
approximately 45 ml. of water is added to the boiling filtrate un-
til it just becomes turbid. The solution is then cooled to 0-5°,
and the solid is removed by suction filtration. The material
weighs 25-26 g. and melts at 164-166°.

2. Notes

1. Diethylene glycol with a boiling range of 230-270°, from
Carbide and Carbon Chemicals Corporation, is satisfactory.

2. A purified grade of 1,1-di-(p-chlorophenyl)-2,2,2-trichloro-
ethane (DDT) melting at 105-106° should be used. It can be
obtained by crystallizing the technical material from alcohol.
Thus, 100 g. of technical DDT melting at 81-96°, when crystal-
lized from 550 ml. of 959, ethanol, gave about 70 g. of material
melting at 105-106°.

3. The intermediate product, 1,1-di-(p-chlorophenyl)-2,2-di-
chloroethylene !:2 can be isolated readily. The mixture is grad-
ually (7-8 minutes) heated to reflux temperature and is then re-
fluxed 2 minutes. The mixture is cooled and poured into 1 L. of
cold water, and the product is removed by suction filtration,
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washed well with water, and dried. The yield of crude product
melting at 83-86° is 43.5 g. (97%). This may be purified by
crystallization from 200 ml. of 959, ethanol; the product weighs
39.5 g. and melts at 86.5-88°.

4. Longer reaction times or higher temperatures favor the
formation of di-(p-chlorophenyl)-methane; see Note 5.

5. The insoluble material consists of silica, 1,1-di-(p-chloro-
phenyl)-ethylene and a small amount of di-(p-chlorophenyl)-
methane 3 (melting at 54-55° when purified), formed by decarbox-
ylation of the acid.

3. Methods of Preparation

Di-(p-chlorophenyl)-acetic acid has been made by the action
of alcoholic potassium hydroxide on 1,1-di-(p-chlorophenyl)-2,2-
dichloroethane; 2-4 by the action of barium hydroxide on DDT in
ethylene glycol; ¢ and by the condensation of chlorobenzene with
glyoxylic acid.4
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2,6-DIHYDROXY-p-BENZENEDIACETIC ACID
(p-Benzenediacetic acid, 2,6-dihydroxy-)

0
I
2 O + 2CH,(CN)COOC,H; —2H,
|
0

CH(CN)COOC;Hs;  OH

HO,

+
OH

CH(CN)COOC,H; OH
CH(CN)COOC.Hj3

HO,
+ 6H,0 + 2HCI —
oH
CH(CN)COOC,Hj
CH,COOH

HO
+ 2C;H;0H 4 2NH,CI 4 2CO,
OH

CH,COOH

Submitted by J. H. Woob and LuciLe Cox.
Checked by Lk IrvIN SMITH, ScoTT SEARLES, and R. T, ARNoLD.,

1. Procedure

A 3-1. round-bottomed three-necked flask is equipped with a
mechanical stirrer, a 500-ml. dropping funnel, and a 250-ml.
dropping funnel. The flask is contained in a pneumatic trough
through which water at room temperature is circulated. A mix-
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ture of 30 ml. of ethyl cyanoacetate and 100 ml. of ethyl alcohol
is placed in the flask. Meanwhile 54 g. (0.5 mole) of p-benzo-
quinone in a 1-1. flask is heated to 40° with 500 ml. of 959, cthyl
alcohol, and, when practically all the quinone is dissolved, 56 g.
(0.5 mole) of ethyl cyanoacetate is added and the mixture is
stirred until solution is complete (Note 1). Most of this solution
is placed in the 500-ml. dropping funnel, the rcmainder being
added when the funnel becomes sufficiently emptied after the
reaction has started.

Twenty-five milliliters of concentrated ammonium hydroxide
(Note 2) is introduced into the 3-1. flask. A solution of 100 ml. of
concentrated ammonium hydroxide in 150 ml. of water is placed
in the 250-ml. dropping funnel, which is looscly stoppered. Stir-
ring is started, and the stopcocks of the two dropping funnels
are adjusted so that the solutions will be delivered into the flask
at a uniform rate in a period of about 45 minutes (Note 3). Stir-
ring is continued for an additional 10 minutes. The mixture is
then permitted to stand for 1 hour, after which the purplish red
precipitate is filtered with suction. Any solid material adhering
to the walls of the flask is washed onto the funncl with ethyl
alcohol. The solid is then washed three times on the funnel with
ethyl alcohol (Note 4). The filtrate and washings are discarded.
The product is slightly implre diethyl ,o’-dicyano-2,5-dihy-
droxy-p-benzenediacetate and weighs 36-41 g. (43-499,) (Note
5).

For the hydrolysis, 36 g. (0.11 mole) of the residue is trans-
ferred to a 1-1. round-bottomed flask equipped with a reflux con-
denser, and 210 ml. of concentrated hydrochloric acid in 190 ml.
of water is added. The mixture is refluxed gently at first, then
vigorously (Note 6), until hydrolysis is essentially complete
(about 20 hours). Then 180 ml. of water and 4 g. of Norite A are
added and the mixture is stirred and boiled for 3 minutes, after
which it is rapidly filtered with suction through two layers of
hardened filter paper in a Biichner funnel (Note 7). The filtrate,
upon cooling to 20° or below, deposits 18 g. (72%,) of lightly col-
ored 2,5-dihydroxy-p-benzenediacetic acid (Note 8). A snow-
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white product is obtained by dissolving 18 g. of this material in
375 ml. of boiling water, treating with 2 g. of Norite A, and filter-
ing. Upon cooling, there is deposited, 15 g. (61%) of the acid
which melts at 233° (Note 9).

2. Notes

1. Precautions must be taken to prevent ammonia from com-
ing in contact with the quinone before the desired time. The
dropping funnel is loosely stoppered, and the flask containing the
remainder of the solution is well stoppered.

2. Concentrated ammonium hydroxide (289, NHj3) must be
used to obtain a good yield. The ammonium hydroxide may be
introduced through either the central opening or the 250-ml.
dropping funnel with the precaution given in Note 1.

3. Preferably, all the ammonium hydroxide solution should
be added by the time 909, of the quinone solution has been added.

4. This product is insoluble in alcohol, and there is no loss in
washing.

5. Slightly lower yields were obtained by the checkers at this
point. The yields in three experiments were respectively 32.5,
32.0, and 31.5 g. (39, 38.5, and 38%).

6. In the early stages, considerable foaming usually occurs,
and care must be exercised that the foam does not carry part of
the insoluble product into the condenser. The insoluble mate-
rial accumulating on the walls of the flask is occasionally re-
turned to the liquid portion by whirling the flask.

7. Rapid filtration is essential to avoid crystallization in the
funnel and to decrease the time the filter paper is in contact with
the concentrated acid.

8. The checkers obtained, in two experiments, yields of 71
and 86%, of material melting respectively at 232-238° (corr.)
and 235-239° (corr.).

9. The checkers obtained, in two experiments, yields of 63
and 73%, at this point. The product was white and melted at
233° (corr.).
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3. Methods of Preparation

The method described above is a modification of that de-
scribed by Wood, Colburn, Cox, and Garland.!
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6,7-DIMETHOXY-3,4-DIHYDRO-2-NAPHTHOIC ACID
(2-Naphthoic acid, 3,4-dihydro-6,7-dimethoxy-)

CH3 al
+ HCO,C,H,y 200
CH,4 CH,CH,CH,CO,C,Hj
CH,;0, (”)HOH H,PO,
CH30\ /CH,CH,CCO,CoHy | 5%
CH;0, NCO0,C,Hj
- H,0
3
CH;0 NCO0,C.H;
+ NaOH —
CH,
CH307 Y N\CO,Na
cx + C,H;0H
30N
CH;0 NCO,Na
+ HCl1 —
CH,;0
CH;0, NCO,H
CH + NaCl
3

Submitted by H. L. Hormes and L. W. Trevoy.
Checked by Crirr S. HamiLToN and CaAroL K. IKEDA.

1. Procedure

A. Ester condensation. A suspension of 9.40 g. (0.41 gram
atom) of powdered sodium ! in 100 ml. of absolute ether is placed
in a 1-1. three-necked flask (Note 1) fitted with a reflux condenser,
dropping funnel, and a calcium chloride tube. A solution of
23.8 ml. (0.41 mole) of absolute alcohol (Note 2) in 50 ml. of abso-
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lute ether is added through the dropping funnel, and the mixture
is refluxed on a steam bath for 10-11 hours. The reflux condenser
is replaced by a mercury-seal stirrer. A thermometer and a cal-
cium chloride tube are fitted into the third neck of the flask. The
suspension of sodium ethoxide in absolute ether is cooled to —10°
to —15° in an ice-hydrochloric acid bath, and a solution of
47.85 g. (0.19 mole) of ethyl y-veratrylbutyrate (Note 3) and
29.6 g. (0.40 mole) of ethyl formate in 100 ml. of absolute ether
is added dropwise through the dropping funnel with vigorous
stirring (Note 4). The mixture is kept at —10° for 4 hours, and
then the thermometer and calcium chloride tube are removed and
the stirrer is replaced by a reflux condenser equipped with a cal-
cium chloride tube. The mixture is allowed to come to room
temperature and stand for 72 hours. During this time a gas is
evolved and a pale yellow solid separates.

On digestion of this solid mass with 1 1. of ice and water, the
sodium salt of the enol dissolves in the water, and the unreacted
ester is removed by extracting the aqueous layer with two 200-ml.
portions of ether (Note 5). The formyl derivative settles out as
an oil upon acidification of the aqueous layer with dilute sulfuric
acid. The oil is extracted with three 200-ml. portjons of ether,
and the ethereal extract is washed several times with water and
dried over anhydrous sodium sulfate. The ether is distilled, and,
to remove traces of ethyl formate, the oil is heated on a steam
bath under a pressure of 20-30 mm. for 1 hour. The remaining
yellow formyl derivative weighs 27-29 g. (Note 6).

B. Cyclization. The above oil is poured dropwise into a well-
stirred mixture of 110 ml. of 909, phosphoric acid (sp. gr. 1.75)
and 23.4 ml. of sulfuric acid (sp. gr. 1.83) which is kept at —10°.
The temperature is allowed to rise to 0-10°, and the stirring is
continued for 2 hours. The viscous reaction mixture is poured
into 500 ml. of ice and water, and the acid is partially neutralized
with 300 ml. of 409, sodium hydroxide solution with efficient
cooling. The viscous cream-colored oil is extracted with three
150-ml. portions of ether; the ether extract is washed well with
water and sodium bicarbonate solution to remove the last traces
of acid and then dried over anhydrous sodium sulfate. The
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cyclized ester, after removal of the ether, is a red oil which solidi-
fies upon cooling. The yield is 23-24 g.

C. Saponification. The ester is saponified by refluxing for
5 hours with 75 ml. of a 109, sodium hydroxide solution contain-
ing 3 ml. of ethyl alcohol; it is then poured into 150 ml. of water
and decolorized with Norite. Upon acidification of the alkaline
solution with dilute hydrochloric acid, 18-19 g. (40-43%)
(Notes 7 and 8) of acid is obtained, melting at 191-193° (corr.).

2. Notes

1. It is suggested that a flask with a ground-glass joint be
employed for the condensation as it leads to less discoloration of
the formylation product.

2. The absolute ethyl alcohol employed in the condensation
was refluxed over calcium oxide for 20 hours and finally distilled
from magnesium ethoxide.

3. The ethyl y-veratrylbutyrate, b.p. 203-207°/20 mm., is
obtained in 809, yield by esterification of y-veratrylbutyric acid
by the Fischer-Speier method. The y-veratrylbutyric acid is
prepared by the method of E. L. Martin? from $-(3,4-dimethoxy-
benzoyl)-propionic acid.

4. The ethereal solution of the two esters should be added at
such a rate that the addition is complete in about 1 hour.

5. On distillation, after removal of the ether, 18-20 g. of the
ethyl y-veratrylbutyrate is recovered.

6. The formylation product is too sensitive to purify by dis-
tillation even at pressures of 1-2 mm. of mercury.

7. In a similar manner, 3,4-dihydro-2-naphthoic acid, m.p.
111-114° (corr.), and 7-methoxy-3,4-dihydro-2-naphthoic acid,
m.p. 149-150.5° (corr.), have been obtained in 359 yields.

8. 6,7-Dimethoxy-3,4-dihydro-2-naphthoic acid can be de-
hydrogenated * to give 6,7-dimethoxy-2-naphthoic acid. The
yield of the latter was 859 after distillation and crystallization
from alcohol.
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3. Methods of Preparation

This method of preparation is essentially that used by Robin-
son and Crowley * for the preparation of 6-methoxy-3,4-dihydro-
2-naphthoic acid. They first used concentrated sulfuric acid
but found that this reagent caused sulfonation.
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3 E. L. Martin, J. Am. Chem. Soc., 88, 1440 (1936); Org. Syntheses, 17,97 (1937);
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ETHYL n-BUTYLCYANOACETATE

(Caproic acid, a-cyano-, ethyl ester)’

#-C3H,CHO + CH,(CN)COOC,H; + H, —%
1-C4HyCH(CN)COOCgH; + Hz0

Submitted by Errror R. ALEXANDER and ArTHUR C. COPE.
Checked by CrirF S. HamrrToN and RoBeRT F. COLES.

1. Procedure

A mixture of ethyl cyanoacetate (Note 1) (56.6 g., 0.5 mole),
freshly distilled butyraldehyde (43.2 g., 0.6 mole), 1 g. of palla-
dium on carbon (Note 2), and 80 ml. of glacial acetic acid is
placed in a 500-ml. bottle suitable for attachment to a low-
pressure reduction apparatus.! A solution of piperidine (2.0 ml,,
0.02 mole) in 20 ml. of glacial acetic acid is added, and the bottle
is connected to the reduction apparatus.
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The bottle is alternately evacuated and filled with hydrogen
twice, and the mixture is reduced by shaking with hydrogen at
1to2 atmospheres (15-30 Ib.) pressure. The reduction is rapid
and exothermic. In 1 to 2 hours the theoretical amount of hydro-
gen (0.5 mole) is taken up and absorption ceases (Note 3).

The reaction mixture is filtered through a Hirsch or Biichner
funnel, and the bottle is rinsed with 50 ml. of benzene, which is
also poured through the funnel. The filtrate is washed with two
50-ml. portions of 109, sodium chloride solution and three 25-ml.
portions of water (Note 4). The washings are extracted with
three 10-ml. portions of benzene, and the combined benzene solu-
tions are distilled under reduced pressure from a 250-ml. modi-
fied Claisen flask. The yield of ethyl n-butylcyanoacetate, b.p.
108-109°/9 mm., is 79-81 g. (94-96%, based on the ethyl cyano-
acetate used) (Note 5).

2. Notes

1. Ethyl cyanoacetate was purchased from the Dow Chemi-
cal Company, Midland, Michigan, and redistilled before using.

2. The palladium on carbon catalyst was prepared by the
following method, developed by Walter H. Hartung, School of
Pharmacy, University of Maryland, Baltimore. Ten milliliters
of a commercial palladium chloride solution containing 0.1 g. of
palladium and approximately 0.05 g. of hydrogen chloride per
milliliter (obtained from the J. Bishop Company, Malvern,
Pennsylvania) is added to a solution of 27 g. of sodium acetate
trihydrate in 100 ml. of water. Norite (9 g.) is added, and the
mixture is hydrogenated until absorption ceases. The catalyst
(10 g.) is filtered on a Biichner funnel, washed with water, dried
by drawing air through the funnel for about 30 minutes, and
stored in a desiccator over calcium chloride. The palladium
catalysts, prepared as described elsewhere in this volume, are
presumably also satisfactory for the reductive alkylation de-
scribed above (p. 77).
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3. It is advisable to start the reduction as soon as the reac-
tants are mixed. The yield dropped to 879, when the reaction
mixture was allowed to stand for 3 hours before hydrogenating.

4. If an emulsion is formed, it can be broken by adding a few
drops of alcohol or several milliliters of ether.

5. Ethyl ethylcyanoacetate and ethyl propylcyanoacetate
have been prepared by the same method in yields of 85 and 949,
respectively. Other aldehydes and ketones have been used under
slightly different conditions to prepare other ethyl monoalkyl-
cyanoacetates.?

3. Methods of Preparation

Ethyl n-butylcyanoacetate has been prepared by alkylation of
the sodium enolate of ethyl cyanoacetate with butyl bromide 3
and by condensation of capronitrile with ethyl carbonate,* in
addition to the method given above.?
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ETHYLENE THIOUREA

(2-Imidazolidinethione)
ITIHz HlTI—CHz
(CH): + CS; — NHCH,CH,NH;+ 2%, s=<l; + H,S
NH, S—CS™ HN—CH,

Submitted by C. F. H. ALrEN, C. O. Epgns, and JaMes VANALLAN,
Checked by R. L. SHRINER and CurTis D. Sxow.

1. Procedure

In a 2-1. round-bottomed flask are placed 120 g. (1.83 moles)
of 929, ethylenediamine (Note 1), 300 ml. of 959, cthanol, and
300 ml. of water. The flask is attached to an efficient reflux con-
denser, and 121 ml. of carbon disulfide is placed in a separatory
funnel attached to the top of the condenser by means of a notched
cork. About 15 to 20 ml. of the carbon disulfide is added, and
the flask is shaken to mix the contents. A vigorous reaction
takes place (Note 2), and it may be necessary to cool the flask.
After the reaction has started, a water bath at 60° is placed
under the flask and the balance of the carbon disulfide is added
at such a rate that the vapors reflux about one-third the way up
the condenser. About 2 hours are required for the addition of
the carbon disulfide. At this time the bath temperature is raised
to about 100°, and the mixture is allowed to reflux for 1 hour.
Then 15 ml. of concentrated hydrochloric acid is added, and the
mixture is refluxed under a good hood (bath at 100°) for 9 to 10
hours. The mixture is cooled in an ice bath, and the product is
filtered by suction on a Biichner funnel and washed with 200-300
ml. of cold acetone (Note 3). A yield of 156-167 g. (83-89%,) of
white crystals is obtained melting at 197-198° (Note 4).

2. Notes

1. If commercial ethylenediamine is used, it should be redis-
tilled. The concentration of the ethylenediamine may be deter-
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mined by titration with standard acid and the proper amount
taken.

2. Care should be exercised to make certain that the reac-
tion starts, before an additional quantity of carbon disulfide is
added. In one experiment in which the carbon disulfide was
added all at once, a very violent reaction occurred.

3. Since all the likely contaminants are readily volatile, ex-
tensive washing is unnecessary.

4. This product is pure enough for most purposes. It gives
no precipitate with copper sulfate solution, indicating the ab-
sence of the open-chain acid.!

3. Methods of Preparation

The only practical method for preparing alkylene thioureas
is by the action of the diamines upon carbon disulfide in aqueous
alcohol.1:2:3.4.5 The final heating is essential to convert the thio-
carbamic acid into the cyclic compound, the addition of hydro-
chloric acid being beneficial.®
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d-GLUCOSAMINE HYDROCHLORIDE

Crab shells — Chitin —
CH,OH—CHOH—CHOH—CHOH—CHNH,-HCI—CHO

Submitted by EArL R. PurcHASE and CraARLES E. BRAUN.
Checked by H. R. SNYDER and NELSON R, EASTON,

1. Procedure

Two hundred grams of cleaned and dried crab shells (Note 1)
ground to a fine powder is placed in a 2-1. beaker, and an excess
of dilute (approximately 6 N) commercial hydrochloric acid is
added slowly to the powdered material until no further action is
evident. Much frothing occurs during the addition of the acid,
and care must be exercised to avoid loss of material due to foam-
ing over the sides of the beaker. After the reaction has subsided,
the reaction mixture is allowed to stand from 4 to 6 hours to en-
sure complete removal of calcium carbonate. The residue is then
filtered, washed with water until neutral to litmus, and dried in
an oven at 50-60°. The weight of dried chitin is usually about
70 g., but with some lots of crab shells it may be as low as 40 g.

To 40 g. of dry chitin in a 500-ml. beaker is added 200 ml. of
concentrated hydrochloric acid (c.p., sp. gr. 1.18), and the mix-
ture is heated on a boiling water bath for 2.5 hours with continu-
ous mechanical agitation. At the end of this time solution is
complete, and 200 ml. of water and 4 g. of Norite are added.
The beaker is transferred to a hot plate, and the solution is main-
tained at a temperature of about 60° and is stirred continuously
during the process of decolorization. After an hour the solution
is filtered through a layer of a filter aid such as Filter-Cel. The
filtrate is usually a pale straw color; however, if an excessive
color persists, the decolorization may be repeated until the solu-
tion becomes almost colorless. The filtrate is concentrated under
diminished pressure at 50° until the volume of the solution is 10-
15 ml. The white crystals of glucosamine hydrochloride are
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washed onto a sintered glass filter with 959, alcohol. The white
crystalline product, after being washed with 959, alcohol and
dried, weighs 24-28 g. (60-709, of the weight of the chitin used).
The optical rotation of a stable solution of the product contain-
ing the o- and B-isomers at equilibrium, [a]5"", varies from
+68.8° to +70.1° (¢ = 4.75 in water).

The product is pure enough for most uses. If a purer product
is desired, the crystals may be dissolved in the minimum amount
of boiling water and treated with Norite. The resulting solution
is filtered and added to a large excess of 959, alcohol and stirred
vigorously for several hours. The product is collected after 4 to
6 hours. An appreciable amount of the g-form of the amino
sugar remains dissolved in the alcohol and may be precipitated
by adding ether.

2. Note

1. The cleancd and dried crab shells were obtained from
Carter and Lanhardt Company, Eleventh and Main Avenue,
S.W., Washington, D. C.

3. Methods of Preparation

The preparation of glucosamine hydrochloride from lobster
shells and crab shells by essentially this method has been re-
ported by Irvine, McNicoll, and Hynd ! and Hudson and Dale.?
Other methods involving the use of cicad larvae shells ® and
shrimp shells 4% also have been reported.
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2-ISOPROPYLAMINOETHANOL
(Ethanol, 2-isopropylamino-)

(CH3)2CO + HyNCH,CH,0H + Hy —s
(CHj);CHNHCH,CH,0H + H,0

Submitted by EverLyny M. Hancock and ArtHUR C. CoPE.
Checked by NatizaN L. DrRAKE and LARRY GREEN.

1. Procedure

The reaction is carried out in a catalytic hydrogenation ap-
paratus similar to the one described by Adams and Voorhees.!
In a 1-1. reduction bottle are placed 0.5 g. of platinum oxide cat-
alyst ! and 50 ml. of commercial absolute alcohol. The bottle is
connccted to a calibrated low-pressure hydrogen tank and alter-
nately evacuated and filled with hydrogen twice. Hydrogen is
then admitted to the system until the pressure is 1-2 atmospheres
(15-30 1b.), and the bottle is shaken for 20-30 minutes to reduce
the platinum oxide (Note 1). The shaker is stopped, air is ad-
mitted to the bottle, and a solution of 61.0 g. (1.0 mole) of eth-
anolamine (Note 2), 75.4 g. (94 ml., 1.3 moles) of acetone, and
100 ml. of absolute alcohol is rinsed into the reduction bottle with
50 ml. of absolute alcohol. The bottle is alternately evacuated
and filled with hydrogen twice. Hydrogen is admitted to the sys-
tem until the pressure is approximately 25 1lb., and the bottle is
shaken until the pressure drop indicates that the theoretical
amount (1 mole) of hydrogen has been taken up and absorption
ceases (6 to 10 hours). Air is admitted to the bottle, and the
catalyst is removed by filtration through a Hirsch funnel with a
filter plate of small diameter (Note 3). The bottle is rinsed with
a total of 75 ml. of benzene, which is also poured through the
funnel. The filtrate is rinsed into a 500-ml. modified Claisen
flask with 25 ml. of benzene, and most of the solvent is distilled
at atmospheric pressure. Distillation of the residue under re-
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duced pressure yields 97-98 g. of 2-isopropylaminoethanol, b.p.
86-87°/23 mm. (94-95%, based on the ethanolamine used)
(Note 4).

2. Notes

1. If hydrogenation of the reaction mixture is begun in the
presence of platinum oxide, a long induction period or lag occurs
before the catalyst is reduced.

2. Commercial ethanolamine (Carbide and Carbon Chemicals
Corporation) was dried by distillation with a small amount of
benzene and redistilled; b.p. 70-72°/12 mm.

3. The usual precaution was observed of keeping the catalyst
wet with the solution being filtered to prevent ignition of the filter
paper.

4. Similar procedures have been used in preparing other 2-
alkylaminoethanols ? and N-alkyl derivatives of 1-amino-2-pro-
panol, 2-amino-1-propanol, 3-amino-1-propanol, 2-amino-1-bu-
tanol, and 1-amino-2-methyl-2-propanol.?

3. Methods of Preparation

2-Isopropylaminoethanol has been prepared by the reaction
of isopropylamine with cthylehe oxide ¢ and by the method given
above.?
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JULOLIDINE
(Benzo[ij]quinolizine, 1,2,3,5,6,7-hexahydro-)

/N

CICH:CH,CH,Br
—_—

| 7

Submitted by D. B. Grass and A. WEISSBERGER,
Checked by Crrrr S. HamirTon and CaroL K. IKEDA,

1. Procedure

A mixture of 66.5 g. (0.5 mole) of tetrahydroquinoline and
400 g. of trimethylene chlorobromide (Note 1) is placed in a 1-1.
round-bottomed flask attached to a reflux condenser, and heated
in an oil bath held at 150~160° for 20 hours (Note 2). The reac-
tion mixture is cooled, a solution of 50 ml. of concentrated hydro-
chloric acid in 500 ml. of water is added, and the excess trimethyl-
ene chlorobromide is removed by distillation with steam (Note 3).
The acid residue from the steam distillation is made alkaline
with a 409, solution of sodium hydroxide (about 75 ml.), and the
julolidine is extracted with two 150-ml. portions of ether. The
ethereal solution is washed with 150 ml. of water and dried over
sodium hydroxide pellets. The ether is evaporated and the resi-
due distilled under reduced pressure. The portion that boils at
105-110°/1 mm. is collected (Notes 4 and 5). The yield is 67—
70 g. (77-819).

2. Notes
1. The tetrahydroquinoline and trimethylene chlorobromide

were Eastman grade materials of the Eastman Kodak Company.
2. The heating should be carried out in a hood, or a gas trap
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should be used to remove the hydrogen halides that are evolved.

3. The trimethylene chlorobromide recovered may be dried
over calcium chloride and used in a subsequent run.

4. The julolidine solidifies in the receiver, m.p. 39-40°,

5. After standing in contact with air for several weeks, the
julolidine may become colored by the formation of a red com-
pound. This red compound may be removed by distillation or
by dissolving the amine in 2 or 3 volumes of hexane, treating the
hexane solution with Norite or Darco, and filtering. The julol-
idine is crystallized from the hexane solution by cooling in an
acetone-Dry Ice bath. The resulting product melts at 39-40° and
amounts to 85-90%, of the original.

3. Methods of Preparation

Julolidine has been prepared by the reaction of trimethylene
chlorobromide with formanilide,! aniline,' methylaniline,! and
tetrahydroquinoline; -2 by the reduction of 8,10-diketojuloli-
dine; ! by the intramolecular condensation of N-(y-bromopropyl)-
tetrahydroquinoline;* and by dehydration of N-(y-hydroxy-
propyl)-tetrahydroquinoline or di-(y-hydroxypropyl)-aniline with
phosphorus pentoxide.* '
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a-KETOGLUTARIC ACID

(Glutaric acid, a-oxo-)

o clzocozczﬂs
CH,CO,C,H;  CO,C,Hj
s (GHOB - CHCO,C,H;
CH,CO,CoHs  CO5CoH |

CH,C0,C,Hj
COCO,C,Hj ?OCOzH
CHCO,C,H; + 3H,0 22, CH, + 3C,H;0H + CO,
CH,C0,C,Hj CH,CO,H

Submitted by LesTer FriepMAN and EpwARD KOSOWER,
Checked by ReyNoLD C. FusoN and ELLiorT N, MARVELL.

1. Procedure

A. Ethyl oxalylsuccinate. Potassium (39.5g., 1 gram atom) is
cut into pieces under xylene (Note 1) in a wide evaporating dish.
The xylene is poured off, and the metal is washed with three 50-
ml. portions of absolute ether. The potassium is then transferred
quickly to a 2-1. three-necked flask containing 650 ml. of anhy-
drous ether and fitted with a reflux condenser, a mercury-sealed
mechanical stirrer (Note 2), and a dropping funnel containing
150 ml. of anhydrous ethanol. The alcohol is added over a pe-
riod of about 1.5 hours; stirring is unnecessary. After most of
the alcohol has been added, the flask is heated on a water bath
to ensure complete solution of the potassium. This usually takes
from 3 to 4 hours. After the reaction is completed, the flask is
cooled to room temperature, and 146 g. (1 mole) of ethyl oxalate
is added rapidly through the dropping funnel, with stirring, to
the solution of potassium ethoxide in ether. A yellow color de-
velops at this point. The stirring is continued for an additional
10 minutes. Then 174 g. (1 mole) of ethyl succinate is added
rapidly, with vigorous stirring (Note 3). After a few minutes,



o-KETOGLUTARIC ACID 43

the potassium salt crystallizes, making further stirring imprac-
ticable. It is collected on a filter and washed with ether until
the salt is colorless.

The salt is dissolved in 270 ml. of water, and 100 ml. of con-
centrated hydrochloric acid is added. The cthyl oxalylsuccinate
separates as an oil and rises to the surface. It is removed by ex-
tracting the mixture with 100-ml. portions of ether until the
aqueous solution is almost colorless. The extracts are dried over
sodium sulfate, and the ether is distilled under reduced pressure.
The ethyl oxalylsuccinate remains in the flask as a yellow oil.
The yield is 225-227 g. (82-839,) (Note 4).

B. a-Ketoglutaric acid. The ester obtained by the foregoing
procedure is mixed with 600 ml. of concentrated hydrochloric
acid and left overnight. The mixture is concentrated by distilla-
tion (Note 5) until the temperature of the liquid reaches 140°.
It is poured into an evaporating dish and allowed to cool. The
solid mass, weighing 110-112 g., is then pulverized. The yield
of a-ketoglutaric acid is 92-939%, of the theoretical for the last
step, or 75-77%, based upon diethyl succinate. The light tan
product, obtained as described above, is suitable for most pur-
poses, but a purer acid, m.p. 109-110° (corr.) may be obtained
by recrystallization from an a(ietone-benzcne mixture.

2. Notes

1. All containers must be absolutely dry, and anhydrous
xylene must be used. Important! Destroy with anhydrous
ethanol all potassium remaining in the xylene and waste cther.

2. The stirrer is not necessary until the ethyl oxalate is added.
The submitters found the use of a nitrogen atmosphere to be un-
necessary.

3. The ethyl oxalate was redistilled, and the fraction boiling at
106-107°/25 mm. was used. The ethyl succinate was c.p. mate-
rial obtained from Eimer and Amend and was used without fur-
ther purification.

4. For further purification, the product can be distilled at
about 115°/1 mm.
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5. This should be done in a hood or a trap should be used to
remove the hydrochloric acid.

The submitters wish to thank Mr. Andrew Streitweiser for
his invaluable assistance.

-

3. Methods of Preparation

Ethyl oxalylsuccinate has been prepared by the condensation
of ethyl oxalate with ethyl succinate in the presence of sodium
ethoxide! or of potassium ethoxide.? The method described
above is somewhat more convenient, and has given a higher yield
of a better product, than one based upon sodium ethoxide, sub-
mitted by A. E. Martell and R. M. Herbst.

a-Ketoglutaric acid has been prepared by the hydrolysis of
ethyl oxalylsuccinate with concentrated hydrochloric acid;? by
the distillation of ethyl oxalylsuccinate with concentrated hydro-
chloric acid;* by treating o,3-dibromoglutaric acid with 2 N
sodium carbonate solution; ® by treatment of ethyl a-bromoglu-
taconate with alkalies;® and by treating ethyl «,a’-dibromo-
glutarate with alcoholic potash.?
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LEPIDINE
CH;

|
A4 X
l/j + H, + CHgCO,Na —o,
Jcl
NN

L
N \
Q/j -+ NaCl 4+ CH3COOH
N
N

Submitted by FREp W. NEUMANN, NoLAN B. SomMER, C. E. KAsLow,
and R. L. SHRINER,
Checked by Crirr S. HamirtoN and Rosert F. CoLES.

1. Procedure

In a 500-ml. Erlenmeyer flask are placed 20 g. (Q.11 mole) of
pure 2-chlorolepidine ! (Note 1), 9.3 g. (0.11 mole) of powdered
anhydrous sodium acetate, and 200 ml. of glacial acetic acid.
The mixture is heated to about 70° and shaken until solution is
complete. The solution is transferred to a pressure bottle of an
apparatus for catalytic reduction,? equipped with a heating ele-
ment and a variable resistance. The flask is rinsed with two
10-ml. portions of hot glacial acetic acid. Then 3 g. of palladium
on carbon is added (Note 2), the bottle is attached to the shaking
machine, and the variable resistance is adjusted until the temper-
ature of the liquid is between 55° and 70° (Note 3). The bottle
is swept out with hydrogen, an initial pressure of about 1.8-2.2
atmospheres (26-33 1b.) is applied, and the shaking is started.
Hydrogen absorption is rapid during the first 15 minutes and
then gradually slackens; the theoretical amount is absorbed in
1.5-2 hours. To ensure complete reduction, shaking is continued
an additional 30 minutes. The warm acid solution is separated
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from the catalyst by filtration througha 1-to 2-mm.layer of Norite
on a Biichner funnel. The bottle and funnel are washed with
three 30-ml. portions of glacial acetic acid. The acetic acid is
removed from the combined filtrates by heating to 70° under re-
duced pressure (water pump, 25 mm.). The residue is dissolved
in 50 ml. of water and transferred to a 500-ml. separatory funnel,
an additional 25 ml. of water being used for washing. The water
solution is made basic to litmus with 309, sodium hydroxide
(about 40-100 ml.) and extracted with one 100-ml. portion of
ether and then with two 50-ml. portions. The ether extracts are
combined and dried overnight with about 30 g. of solid potassium
hydroxide. The ether is removed by distillation from a 250-ml.
flask, and the residue is transferred to a modified 50-ml. distilling
flask (Note 4), three 5-ml. portions of anhydrous ether being
used to ensure complete transference. After the ether is re-
moved, the residue distils at 126-127°/14-15 mm. The product
is colorless, water clear, and weighs 13-14 g. (81-879,) (Notes 5
and 6).

2. Notes

1. Pure 2-chlorolepidine, m.p. 58-59°, should be used.

2. The catalyst is previously prepared in an apparatus for
catalytic hydrogenation,? in which are placed 0.5 g. of palladous
chloride, 3.0 g. of Norite, and 20 ml. of distilled water. The bot-
tle is swept out with hydrogen and then shaken with hydrogen
for 2-3 hours at 2-3 atmospheres (40 1b.) pressure. The palla-
dium on carbon is collected on a Biichner funncl, washed with five
50-ml. portions of distilled water, then with five 50-ml. portions
of 95% ethanol, and finally twice with ether. Upon drying, about
3 g. of the catalyst is obtained. It is stored in a vacuum desicca-
tor over solid sodium hydroxide. If the reduction of the chloro-
lepidine does not proceed normally, the used catalyst should be
removed by suction filtration and a fresh 3-g. portion of catalyst
added. Failure of the reduction step is usually due to an inac-
tive cata.lyst or to impurities in the acetic acid or chlorolepidine.
The"palladium catalysts, prepared as described elsewhere in this
volume, are presumably also satisfactory for the reduction of
2-chlorolepidine (p. 77).



LEPIDINE 47

3. The reduction does not proceed smoothly at room tempera-
ture with the palladium catalyst. Raney nickel may be used as a
catalyst with ethanol containing potassium hydroxide at room
temperature, but about 15 hours are required for reduction.

4. The submitters used a special flask having the shape and
dimensions shown in Fig. 1. The two necks were wrapped with

F16. 1.

asbestos cord. The checkers used an ordinary Claisen flask
(50 ml.).

5. By distillation of the crude product from four'runs, a yield
of 929, was obtained. ’

6. The submitters have followed the same procedure in pre-
paring the compounds listed below from the corresponding 2-
chloro derivatives. The ether extractions and distillation steps
were omitted when solid products were obtained. .

Provuct
% %o

CoMPOUND CRUDE PURIFIED B.P. or M.P.
6-Methylicpidine 100 87 b.p. 137°/12 mm.
8-Methyllepidine 94 90 m.p. 54-55°
5,8-Dimethyllcpidine 96 86 b.p. 154-56°/13 mm.
6,8-Dimethyllepidine 100 91 m.p. 55-56°
6-Methoxylepidine monohydrate 100 80 m.p. 50-52°
5,8-Dimethoxylepidine 98 90 m.p. 94-95°
2-Methyl-6-methoxyquinoline * 96 .. m.p. 62-65°

* From 2-methyl-4-chloro-6-methoxyquinoline.



48 ORGANIC SYNTHESES

3. Methods of Preparation

The process described above is essentially that of Ainley and
King,® who prepared 6-methoxylepidine. Lepidine has also been
prepared by the reduction of 2-chlorolepidine with hydrogen and
Raney nickel,* with tin and hydrochloric acid,®¢7 and with con-
centrated hydroiodic acid and red phosphorus; & by the reduction
of 2-iodolepidine with iron and dilute sulfuric acid; ¢ by the zinc-
dust distillation of 2-hydroxy-4-methyl quinoline under reduced
pressure ' or of 2-hydroxy-3-cyano-4-methyl quinoline; !* by the
distillation of 1,2,3,4-tetrahydroquinoline-4-carboxylic acid with
zinc dust in a stream of hydrogen; 2 by the decarboxylation of
4-methylquinoline-2-carboxylic acid,’* by leading vapors of ani-
line and crotonaldehyde over a contact catalyst at above 500°; 4
by heating aniline and vinyl methyl ketone with sulfuric acid
and nitrobenzene;® by heating aniline and B-hydroxyethyl
methyl ketone in the presence of concentrated sulfuric acid and
nitrobenzene !® or in the presence of aniline hydrochloride and
ethanol; V7 by heating aniline and g-chloroethyl methyl ketone in
the presence of concentrated hydrochloric acid and nitrobenzene
or arsenic acid '#1!° or in the presence of aniline hydrochloride,
ethanol, and nitrobenzene;® by heating a mixture of acetone,
formaldehyde, and aniline hydrochloride; -2 by passing vapors
of acetylene and aniline over aluminum oxide at 360-420°;%
and by passing vapors of aniline and acetaldehyde or paralde-
hyde over aluminum oxide in a copper tube at 480°.2 Campbell
and Schafiner  have recently described the preparation of lepi-
dine in 70-73%, yields by the reaction of aniline hydrochloride
with methyl vinyl ketone or 1,3,3-trimethoxybutane or 1-meth-
oxy-3-butanone in alcohol in the presence of ferric or zinc chloride.
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2-METHOXYDIPHENYL ETHEI
(Benzene, 1-methoxy-2-phenoxy-)

OCHj; OCHj3
+ KOH — + H,0
OH OK
OCHj

I
OCII, 0—
+ —> + KDB:
OK B

Submitted by H. E. UNcNADE and K. F. ORwoLL.
Checked by HoMER ADKINS and E. E. BURGOYNE.

1. Procedure

Powdered potassium hydroxide (29.4 g., 0.52 mole) is placed
in a 500-ml. round-bottomed flask. Guaiacol (75 g., 0.60 mole) is
added, and the mixture is allowed to rcact exothermically. After
the reaction is complete, the mixture is stirred with a glass rod
and then heated under reduced pressure for 3 hours at 150° in an
oil bath (Note 1). '

To the dry salt is added 0.3 g. of copper powder (Note 2),
81 g. (0.51 mole) of bromobenzene, and a few drops of guaiacol
(Note 3). The mixture is stirred thoroughly with a glass rod; the
flask is fitted with an air condenser and heated in a metal bath
(Note 4). A reaction becomes evident at a bath temperature of
160-180°, liquefaction occurs, and the color of the mixture
changes to red or purple. The temperature is gradually raised
to 200° and maintained at 200° for 2 hours.

After cooling, the products are extracted from the reaction
mixture with successive portions of water and ether. Extraction
is facilitated by breaking up the solid material with a glass rod.
The total amounts of solvents required are approximately 750 ml.
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of water and 150 ml. of ether. The combined ether and water
solutions are transferred to a 3-1. round-bottomed flask and
steam-distilled with superheated steam maintained at 180-200°.
After removal of the ether, 300 ml. of distillate is collected. This
distillate contains the unreacted starting materials. Continued
distillation gives 64-69 g. (62-67%) of crude solid 2-methoxy-
diphenyl ether in 14 1. of distillate. The product is filtered with
suction and dried. Crystallization from a mixture of 600 ml. of
low-boiling petroleum ether (b.p. 30-60°) and 435 ml. of higher-
boiling petroleum cther (b.p. 60-70°) yields 54-61 g. of 2-methoxy-
diphenyl ether melting at 77-78°. Other 2-methoxydiphenyl
ethers have been prepared by this procedure (Note 5).

2. Notes

1. The salt of guaiacol is heated under reduced pressure, in
order to remove water, which is a negative catalyst in the Ull-
mann reaction.!

2. The copper catalyst may be prepared by the method of
Brewster and Groening.?

3. An excess of guaiacol is essential. Weston and Adkins!
have found that the phenol, copper, and air form the active
catalyst in the Ullmann reaction.

4. The checkers used an electrically heated oil bath.

5. Yields of 54 of 2-methoxy-4'-methyl diphenyl ether from
p-bromotoluene and guaiacol, and 609, of 2-methoxy-5-methyl-
diphenyl ether from 3-bromo-4-methoxytolucne and phenol, have
been obtained by the same method in the laboratory of the sub-
mitters.,

3. Methods of Preparation

The procedure above is a modification of the method of Ull-
mann and Stein ? for the same compound. Sartoretto and Sowa 4
used the same general method. The need for a catalyst can be
avoided by heating a mixture of guaiacol potassium, guaiacol,
and chlorobenzene at 200° under pressure.® Ullmann and Stein ¢
have prepared the compound by using phenol, o-bromoanisole,
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copper powder, and potassium hydroxide. 2-Hydroxydiphenyl
ether can be converted to the methoxy derivative by treating it
with methyl alcohol, methyl iodide, and potassium hydroxide.”
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METHYL 6-BROMOVALERATE

(Valeric acid, -bromo-, methyl ester)
KOH
CH30zC(CH2)4COzH + AgNO;; —_—
CH30,C(CH;)4CO,Ag + KNO; + H,0
ccL

CHstC(CHz)4COzAg + Bl'z —_—
CH30,C(CH,)3CH,Br 4 AgBr 4 CO,

Submitted by C. F. H. ALLeN and C. V. WiLsoN.
Checked by Crirr S. Hamirron and NoBorU TosAva.

1. Procedure

To a solution of 33 g. (0.5 mole) of potassium hydroxide
(Note 1) in 1.5 L. of distilled water in a 5-1. flask or other appro-
priate container fitted with a mechanical stirrer is added 80 g.
(0.5 mole) of methyl hydrogen adipate (Note 2). With continu-
ous stirring a solution of 85 g. (0.5 mole) of silver nitrate in-1 1.
of distilled water is added rapidly (about 15 minutes). The pre-
cipitated methyl silver adipate is collected on a Biichner funnel,
washed with methanol, and dried in an oven at 50-60°. For the
next step the dried silver salt is finely powdered and sieved
through a 40-mesh screen. The combined yield from two such
runs is 213 g. (80%).
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The 213 g. (0.8 mole) of finely powdered silver salt is placed
in a 1-1. three-necked flask (Note 3); two necks of the flask are
stoppered, and the third is connected to a water pump through a
U-tube or flask containing Dricrite. The flask is then placed in
an oil bath and evacuated to a pressure of about 15 mm. The
temperature of the oil bath is maintained at 100-110° for 36
hours (Notes 4 and 5).

The pressure in the flask is restored to that of the atmosphere.
The flask is removed from the oil bath and equipped with a drop-
ping funnel, condenser, and mechanical stirrer (Note 6). To the
salt is added 350 ml. of dry carbon tetrachloride (Note 7); the
stirrer is started, and 117 g. (40 ml., 0.73 mole) of dry bromine !
is added through the dropping funnel over a 30- to 40-minute
period. Occasional cooling may be necessary as the reaction is
quite vigorous at first. When all the bromine has been added,
the mixture is heated for 1 hour on a steam bath. It is then fil-
tered and the silver bromide washed thoroughly on the filter
with 100 ml. of warm carbon tetrachloride. ~The filtrate is
washed once with 100 ml. of 109, sodium carbonate solution and
dried over 30-40 g. of Drierite. The solvent is removed and the
residue distilled under reduced pressure. The yield of product
boiling at 75-80°/4 mm. is 101-106 g. The yicld is 65-68%,
based on the weight of the methyl silver adipate beforc drying
under reduced pressure, or 52-549, based upon methyl hydrogen
adipate.

2. Notes

1. Reagent grade potassium hydroxide containing 859, po-
tassium hydroxide is used.

2. The methyl hydrogen adipate was Eastman Kodak grade.

3. Drying is carried out in the flask in which the final reac-
tion is to be run in order to avoid a transfer. The success of this
preparation depends upon the exclusion of moisture. The silver
salt. retains traces of water tenaciously.

4. If the indicated pressure is maintained the water pump
may be disconnected, but owing to leaks it will usually be found
necessary to re-evacuate several times over the 36-hour period.
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5. A good “vacuum oven” would serve for drying just as
well, but the temperature of the salt should not exceed 110°,

6. For best results all equipment should be thoroughly dried.

7. The carbon tetrachloride is dried over phosphorus pent-
oxide or some other drying agent.

3. Methods of Preparation

This method with some slight modifications is applied in the
synthesis of w-bromo esters from Cj to Cy7.2 Methyl 5-bromoval-
erate has been prepared by treating the silver salt of methyl hy-
drogen adipate with bromine.? The ethyl ester has been prepared
from the acid by esterification 3:4 or through the acid chloride.
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METHYLSUCCINIC ACID
(Pyrotartaric acid)

CH3;CH=CHCOOC;H; + NaCN + H,0 —
CH3CH(CN)CH,COONa + C,H;OH

CH3;CH(CN)CH,;COOH + 2H,0 [Ba(OH)3)
CH3CH(COOH)CH,COOH + NHj

Submitted by GEORGE BoswoRTH BROWN.
Checked by LeE IRVIN Smrtir and VINCENT J. WEBERS.

1. Procedure

The procedure should be carried out umder a hood since the
poisonous hydrogen cyanide may be evolved.

In a 3-1. flask provided with a reflux condenser are placed
114 g. (1.0 mole) of ethyl crotonate (Note 1), 460 ml. of 959,
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ethanol, and a solution of 54 g. (1.06 moles) of 95%, sodium cyan-
ide in 128 ml. of water. The solution is refluxed on a steam bath
for 5 hours, during which time some ammonia is evolved and the
solution becomes dark yellow. A suspension of 150 g. of barium
hydroxide octahydrate in 286 ml. of hot water is added to the
solution, and the mixture is concentrated under reduced pressure
(about 30 mm.) to a volume of about 400 ml. It is again refluxed
on the steam bath for 4 hours or until the evolution of ammonia
almost ceases (Note 2). The solution is then concentrated to a
thick paste under reduced pressure.

The residue is cooled and dissolved in 171 ml. of nitric acid
(sp. gr. 1.4) (Note 3), and the solution is warmed for 30 minutes
on the steam bath. It is immediately concentrated to complete
dryness under reduced pressure (Note 4). The flask is cooled,
300 ml. of benzene is added, and the mixture is refluxed for a short
time to render the cake friable. The benzene is removed by de-
cantation, and the cake is pulverized and extracted six times by
refluxing it briefly with 300-ml. portions of ether. The combined
benzene and ether extracts are filtered and concentrated to a vol-
ume of about 225 ml. In the meantime the residual salts are
extracted twice by refluxing them vigorously for a short time
with 300-ml. portions of benzene. The benzene solutions are
separated by decantation and added to the ether concentrate.
The distillation is then continued until about two-thirds of the
benzene has been removed, when the benzene solution is poured
into a beaker and allowed to cool. The methylsuccinic acid is
collected on a filter and is washed by shaking a suspension of it
in 150 ml. of chloroform (Note 5). The yield of air-dried prod-
uct, melting at 110-111°, amounts to 87-93 g. (66-709%,) (Note 6).

2. Notes

1. Ethyl crotonate may be prepared readily from technical
crotonic acid by action of sulfuric acid and alcohol. The checkers
obtained 729, yield both by the ordinary procedure and by the
method of azeotropic distillation.

2. The checkers refluxed the mixture for 8 hours at this point;
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traces of ammonia were still present. Most of the ammonia was
evolved in 4 hours, however.

3. The excess nitric acid is used in order to oxidize unchanged
crotonic acid. Since hydrocyanic acid may be evolved the opera-
tion should be carried out under a hood.

4. The residue must be dry because methylsuccinic acid is
extremely soluble in water.

5. If a serics of runs is to be made, the chloroform may be
used repeatedly.

6. The submitter states that the same percentage yield is
obtained when four times the above quantities of reagents are
used.

3. Methods of Preparation

Methylsuccinic acid has been prepared by the pyrolysis of
tartaric acid;! from 1,2-dibromopropane or allyl halides by the
action of potassium cyanide followed by hydrolysis; 2 by reduc-
tion of itaconic, citraconic, and mesaconic acids; 3 by hydrolysis
of ketovalerolactonecarboxylic acid;* by decarboxylation of
1,1,2-propanetricarboxylic acid; ® by oxidation of g-methylcyclo-
hexanone; ¢ by fusion of gamboge with alkali; ? by hydrogenation
and condensation of sodium lactate over nickel oxide;8 from
acetoacetic ester by successive alkylation with a methyl halide
and a monohaloacetic ester;® by hydrolysis of a-methyl-o’-
oxalosuccinic ester ® or a-methyl-a'-acetosuccinic ester; ! by
action of hot, concentrated potassium hydroxide upon methyl-
succinaldehyde dioxime; 2 from the ammonium salt of a-methyl-
butyric acid by oxidation with hydrogen pcroxide;'® from -
methyllevulinic acid by oxidation with dilute nitric acid * or
hypobromite; 18 from g-methyladipic acid;* and from the de-
composition products of glyceric acid 17 and pyruvic acid.'®* The
method described above is a modification of that of Higgin-
botham and Lapworth.!®
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MUCONIC ACID
CHCH;COOH ¢y, CH:CH;COCl 5. CH,CHBrCOCI
—_— —— ’

CH,CH,COOH CH,CH,COCl1 CH,CHBrCOCI
C.H;OH CHZCHBrCOOCZHE CH;0H, KOH CH=CHCOOH
_—

ey
CH,CHBrCOOC,H; thenHC! CH=CHCOOH

Submitted by P. C. GuraA and D. K. SANKARAN,
Checked by C. F. H. ALLEN and H, W. J. CRESSMAN.

1. Procedure

A. Diethyl a,6-dibromoadipate. In a 3-1. three-necked flask
(Note 1) fitted with a reflux condenser, a dropping funnel, and a
mechanical stirrer are placed 1 kg. (6.85 moles) of adipic acid
and 2 kg. (1220 ml., 16.8 moles) of thionyl chloride (Notes 2 and
3). The mixture is stirred and heated gently on the steam bath
until solution is effected, and the evolution of hydrogen chloride
(Note 4) ceases after about 3 hours. The excess thionyl chloride
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is distilled by heating on a steam bath, the last portion of the re-
agent being taken off under reduced pressure.

To the acid chloride, mechanically stirred and heated on the
steam bath, is added 2.5 kg. (805 ml. 15.6 moles) of dry bromine !
as rapidly as it will react (Note 5). The addition requires about
12 hours. The contents of the flask are stirred and heated an
additional 2 hours, transferred to a dropping funnel (Note 6),
and added in a thin stream to 5 1. of absolute ethyl alcohol, which
has previously been placed in a 12-1. flask provided with a stopper
carrying an efficient reflux condenser, a separatory funnel, and a
mechanical stirrer. The resulting vigorous reaction is controlled
by external cooling. After the dibromoacid chloride has been
added, the reaction mixture is allowed to stand at room tempera-
ture overnight and is then poured into 5 1. of cold water. The
top alcoholic aqueous layer is decanted and extracted once with
8 1. of ether. The oily bottom layer is dissolved in the ether ex-
tract, washed first with 1 1. of a 29, sodium bisulfite solution,
then with two 1-1. portions of 3%, sodium carbonate solution,
and finally with several portions of water. The ether solution is
dried over 175 g. of potassium carbonate; the solvent is distilled
on the steam bath. The yield of residual ester (Note 7) amounts
to 2260-2400 g. (91-979%, of the theoretical amount).

B. Muconic acid. To a solution of 3 kg. of potassium hy-
droxide and 5 1. of methyl alcohol (Note 8) in a 12-1. flask,
equipped as described above, is added in a thin stream from a
separatory funnel (Note 6), and with stirring, 1130 g. (3.14
moles) of diethyl a,5-dibromoadipate. The ester is heated on
the steam bath to nearly 100° before it is added. The addition
is so regulated as to permit rather vigorous refluxing and re-
quires 45 minutes. Heating on the steam bath and stirring are
continued an additional 2 hours. The mixture is allowed to stand
at room temperature overnight and is cooled. The potassium
muconate and potassium bromide are filtered (Note 9), washed
on the funnel with two 350-ml. portions of methyl alcohol and
400 ml. of ether, transferred without further drying to an en-
ameled 11- to 12-1. pail, and dissolved in 8 1. of hot water. The
aqueous solution, to which is added 30 g. of decolorizing carbon,
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Norite, is heated to boiling by introduction of steam, filtered
through a Norite filter pad by suction, and cooled in an ice-salt
bath. The muconic acid is precipitated by the addition of a
large excess (1500 ml.) (sp. gr. 1.18) of concentrated hydrochloric
acid to the cold solution. The acid is added in a thin stream to
the well-stirred solution. After 2 hours the muconic acid is fil-
tered, washed first with two 400-ml. portions of cold water and
then with 200 ml. of methyl alcohol, and dried at 85°. The yield
of nearly colorless product melting at 296-298°, with decomposi-
tion, amounts to 165-195 g. (37-439,).

2. Notes

1. Apparatus with ground-glass joints is preferable.

2. The yield obtained in molar-sized runs is also about 409,
of the theoretical.

3. The submitters used 1 mole of adipic acid and added 2
moles of phosphorus pentachloride in 20-g. portions over an inter-
val of 30 minutes.

4. The considerable quantities of hydrogen chloride and hy-
drogen bromide evolved are best handled by mecans of a gas-
absorption trap.? The insertion of a calcium chloride tube be-
tween the trap and the reflux'condenser is recommended.

5. The bromine is added as rapidly as it will react but not so
rapidly that loss occurs through the condenser. A photoflood
lamp accelerates the rate of bromination.

6. The dibromoacid chloride solidifics at room temperature.
It is advisable to heat the funnel by means of a coil of copper
tubing through which steam is passed.

7. Two isomers, a solid and a liquid, are formed during the
bromination and subsequent esterification.

8. A commercial grade of methanol was used; absolute meth-
anol did not result in an increased yield.

9. A pad of Filter-Cel aids in the slow filtration. About
100 g. is needed with a 30-cm. funnel.
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3. Methods of Preparation

_ Muconic acid has been obtained in a variety of ways. The
procedures that seem most important from a preparative point
of view are by treatment of ethyl «,8-dibromoadipate with alco-
holic potassium hydroxide,?¢ by condensation of glyoxal (as the
sodium bisulfite addition product) with malonic acid,’-¢ by heat-
ing ethyl 1-acetoxy-1,4-dihydromuconate (obtained by condens-
ing ethyl oxalate and ethyl crotonate, acetylating, and reduc-
ing),”# and by oxidation of phenol with peracetic acid.®
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-NITROPHENYLARSONIC ACID
(Benzenearsonic acid, p-nitro-)
$-NOoCoH N,BF; + NaAsO; + 2NaOH =<2,
p-N02C6H4As03Na2 + NaBF; + N, 4+ H,;0
$-NOoCeHAsO3Nag + 2HCl — p-NO,CgH4AsO3H; + 2NaCl

Submitted by A. WAYNE Ruppy and EpGAR B. STARKEY,
Checked by Crirr S. HamirtoN and RicHARD E. BENSON.

1. Procedure

In a 2-1. beaker provided with an efficient mechanical stirrer,
52 g. (0.4 mole) of sodium metaarsenite and 16 g. (0.4 mole) of
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sodium hydroxide are dissolved in 600 ml. of water (Note 1) and
6 g. of cuprous chloride is suspended in the solution.

A mixture of 300 ml. of water and the p-nitrobenzenediazo-
nium borofluoride ! obtained from 0.25 mole of p-nitroaniline
(Note 2) is added during a period of 1 hour to the sodium arsenite
solution. The foaming that accompanies the evolution of nitro-
gen is readily controlled by the occasional addition of small
amounts of ether or benzene (Note 3). As the reaction proceeds,
100 ml. of 109, sodium hydroxide solution (0.25 mole) is added
in 20-ml. portions. Stirring is continued for another hour, and
then the mixture is warmed to 60° for 30 minutes and filtered
with suction through a sintercd-glass funnel. The residue on the
funnel is washed with two 50-ml. portions of water. To the
combined filtrate and washings is added concentrated hydro-
chloric acid (sp. gr. 1.19) until the solution is acid to litmus paper.
The mixture is filtered, activated charcoal is added to the filtrate,
and the solution is concentrated to about 350 ml. After the hot
solution has been filtered with suction, concentrated hydrochloric
acid is added until the solution is acid to Congo red paper. The
solution is placed in a refrigerator overnight, and the crystals
are collected on a Biichner funnel and washed twice with 20-ml.
portions of ice water. The combined filtrates and washings are
concentrated to about 150 ml:, chilled, and filtcred. The total
quantity of crystals is dissolved in 109, ammonium hydroxide
solution; the solution is filtered and again made acid to Congo red
paper with concentrated hydrochloric acid. After the solution
has been thoroughly chilled (preferably overnight), the p-nitro-
phenylarsonic acid is filtered on a Biichner funnel and washed
with small portions of ice water until free of ammonium chloride.
After drying, the yellow crystals melt with decomposition at
298-300°. The yield is 44-48.5 g. (71-79%,) (Note 4).

2. Notes

1. The sodium arsenite solution may also be prepared by dis-
solving 39.6 g. (0.2 mole) of arsenious oxide and 32 g. (0.8 mole)
of sodium hydroxide in 600 ml. of water.
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2. According to the submitters p-nitrobenzenediazonium
borofluoride may also be prepared as follows:

p-Nitroaniline (34.5 g.) is dissolved in 63 ml. of concentrated
hydrochloric acid (sp. gr. 1.19) and 50 ml. of water. The solution
is cooled to 0°, and 17.3 g. of sodium nitrite in 40 ml. of water is
added slowly with vigorous stirring. After the diazotization is
complete, as indicated by a positive test with starch iodide paper,
a solution of 55 g. of sodium fluoborate in 110 ml. of water is
added. The thick slurry is stirred for 15 minutes and then fil-
tered with suction and washed with ice water, twice with meth-
anol, and twice with ether. The solid should be sucked as free
as possible from liquid after each washing. The compound may
be kept in an evacuated desiccator until needed.

3. The checkers found that the foaming is more readily con-
trolled by amyl alcohol than by the addition of ether or benzene.

4. This is a general method for preparing arylarsonic acids.
The melting points and yields of other arsonic acids prepared by
the submitters are as follows: phenyl, 156°, 587%; o-nitrophenyl,
232-234° dec., 67%; m-nitrophenyl, 182° 479,; o-tolyl, 159-
160°, 63%,; m-tolyl, 150°, 54%,; p-tolyl, 300° dec., 73%; o-chlo-
rophenyl, 182° 529,; p-chlorophenyl, above 300°, 639,; o-car-
boxyphenyl, above 300°, 65%,; p-carboxyphenyl, 232° dec., 67%;
p-carbethoxyphenyl, 260°, 60%; p-acetophenyl, 175°, 70%.

3. Methods of Preparation

p-Nitrophenylarsonic acid has been prepared by heating p-
nitrobenzenediazonium chloride with arsenious acid in hydro-
chloric acid,? by the action of p-nitrobenzenediazonium chloride
on sodium arsenite,® by the action of sodium arsenite on sodium
p-nitrobenzencisodiazo oxide,* by the diazotization of p-nitro-
aniline in acetic acid in the presence of arsenic chloride and cu-
prous chloride,® and by the reaction of p-nitrobenzenediazonium
borofluoride with sodium arsenite in the presence of cuprous
chloride.®
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OZONE
(A laboratory ozonizer)

Silent electrical

30, 204

discharge

Submitted by L. I. Smrta, I. L. GREENWOOD, and O. HUDRLIK.
Checked by R. L. SHRINER, C, E. KAsLow, and R. D. STAYNER,

1. Description of Apparatus and Procedures

A diagrammatic sketch of the complete apparatus for the
laboratory production and use of ozone in organic reactions is
shown in Fig. 2. ¥

A. Purification train. Oxygen from a cylinder (4) fitted
with a reducing valve (B) is led to a pressure release tube (C).
This is a T-tube, the long arm of which dips into a test tube of
mercyry. The height of the mercury column should be about
2 to 3 cm. The release tube is connected through a stopcock
(1) to a 40-cm. condenser jacket (D). This is filled with 4-mesh
anhydrous calcium chloride held in place by plugs of glass wool
at the ends. A second condenser jacket (E) is filled about half-
way with 4-mesh soda lime, then a 4- to 6-in. layer of anhydrous
calcium chloride, and the remainder of the tube is packed with
glass wool. The ends of the condensers are closed with rubber
stoppers. Part F is a flowmeter, the U-tube of which should be
about 20 cm. long. The bore of the capillary should be about
0.5 mm. in diameter. The flowmeter tube is filled about half full
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with Hyvac pump oil. Part G is a condenser jacket (40 cm.)
loosely packed with glass wool.

All parts up to the ozonizer may be connected with heavy
rubber tubing. It is desirable to place this purification train
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several feet from the ozonizer proper in order to prolong the life
of the rubber connectors (Note 1). The sizes of parts C through
G are not critical. After this part of the apparatus has been as-
sembled, a very rapid stream of oxygen should be passed through
it for 30 minutes_in order to blow out all dust particles.



OZONE 656

B. Ozonizer. The conversion of oxygen to ozone is accom-
plished by means of three Berthelot tubes constructed of soft
lime glass (Note 2) with the dimensions shown in Fig. 3. It is
important that the glass be thoroughly cleaned and that the
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annular space through which the gases pass be as uniform as pos-
sible. Each tube has a cooling coil (Note 3) consisting of a long
U-shaped piece of 6-mm. Pyrex glass tubing which fits into the
innermost space of the Berthelot tube and reaches nearly to the
bottom. The top of the Berthelot tube is closed by a cork with
three holes, two for the cooling tubes and one for the inner elec-
trode. The last is a stainless steel rod about 2 to 4 mm. in
diameter. This electrode should extend to about 1 cm. of the
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bottom of the inner tube. The Berthelot tubes (Fig. 3) are con-
nected by means of mercury-cup seals as shown in Fig. 4 (Note
4). The third Berthelot tube is connected to the reaction vessels
by means of either mercury-cup seals or ground-glass joints. No
rubber connectors can be used for gases containing ozone.
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1
Cooling
tubes
' l I l ‘ system
X Electrode
clamp
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[
RS (B¢ | o Electrode
e Xl
Water line Battery Electrode
\ C )3’ clamp
T |
i

kLllIll/\> 4

Fic. 4.

The three Berthelot tubes are mounted vertically in a large
battery jar about 13 in. by 9 in. by 18 in. (Note 5). They are
held in place by a wooden top (see Fig. 4) which has holes and
slots cut to fit the tubes. A second wooden block with holes and
slots to fit the bottom of the Berthelot tubes (Fig. 3) is placed in
the bottom of the battery jar. It should be weighted with a few
pieces of lead. Both the top and the bottom blocks should be
soaked in hot molten paraffin wax. The holes in the top should
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be directly above those in the bottom so that the Berthelot tubes
will be as nearly vertical as possible to facilitate making good
connections (Note 6). However, a slight slant of the tubes does
not affect the operation of the ozonizer.

C. Electrical equipment. A transformer operating on 110
volts alternating current having a secondary capable of produc-
ing about 8000 to 15,000 volts and a capacity of about 400 watts
or more is suitable. It is important that provision be made for
varying the secondary voltage. This may be done by purchasing
a transformer provided with taps on the primary windings or by
inserting a variable transformer in series with the primary (Note
7). During the initial test runs for calibration it is desirable to
connect an ammeter in the primary circuit in order to make cer-
tain the transformer is not overloaded.

The inner electrodes of the Berthelot tubes are connected
to one of the secondary terminals of the transformer. This wire
must be grounded (Note 8); otherwise the cooling tube inside the
Berthelot tube will act as a conductor to the water line and the
laboratory water line would be charged. The other wire from the
secondary is connected to the electrode in the battery jar. This
outer electrode consists of a grid of stainless steel wire (No. 8
or 10 B. and S. gauge). Connecting the inncr cléctrode to the
ground results in a charge on the battery jar. Precautions must
be taken so that the jar is not touched while the current is pass-
ing. Also the battery jar must be kept away from any of the
plumbing so that it will not be grounded. It is best to arrange
a wooden shield so that the operator cannot come in contact with
any of the high-voltage connections of the secondary.

D. Ozone absorption assembly. One useful combination of
reaction flasks is shown in Fig. 5. It is best that the parts be
connected by ground-glass joints. Tube II is the main reaction
flask (Note 9), I is a condcnsing tube surrounded by acetone and
Dry Ice to trap any volatile compounds, and J is an auxiliary
analyzing tube for dctermining the amount of ozone not ab-
sorbed by the compound in tube . The tubes should be assem-
bled and clamped high enough above the desk for cooling baths
to be placed around tubes H and I in order that ozonizations
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may be carried out at temperatures below that of the surround-
ings.

E. Ozone destroyer. Ozone is a powerful irritant. The maxi-
mum possible working concentration has been reported to be
0.15 to 1.0 part per million of air.! It is necessary to destroy
any excess ozone and to see that the exit tube from the above
absorption assembly is connected to a good hood. It is safer to
incorporate an ozone destroyer in the set-up. One such destroyer
consists of two tall towers (30 in.) filled with broken glass moist-
ened with 59, aqueous sodium hydroxide and connected in
series (Note 10). The room in which an ozonizer is used should
be well ventilated.

T. Analysis for ozone. The analysis is made by passing a
definite amount of oxygen through the ozonizer at a selected
secondary voltage and then through a neutral 59, solution of
potassium iodide. Iodine is liberated,

and the resulting solution is acidified with 109, sulfuric acid
(about 15 ml.) and titrated with a previously standardized 0.5 N
sodium thiosulfate solution using soluble starch as the indicator.

G. Procedure and calibration of apparatus. For satisfactory
use of an ozonizer it is desirable to obtain data relating rate of
flow and secondary voltage with the amount of ozone produced.

A wet-type gas meter (Note 11) is connected to the tube J as .
indicated in Fig. 5. Enough 59, potassium iodide solution
(about 70 ml.) is added to absorption tubes H and J to fill them
to a depth of about one-third to one-half their height, and the
tubes are marked at this level (Note 12). The reducing valve of
the oxygen tank is opened far enough to show a pressure of 3-4 1b.
per sq. in.; stopcocks 2, 3, 4, 5, and 6 are turned so as to by-pass
H, I, and J and direct the gases through the ozone destroyer.
Stopcock 1 is opened far enough to give a flowmeter reading of
about 2 to 3 mm.; the transformer is turned on and adjusted to
a definite voltage (Note 13). After the apparatus has been swept
out for 5 minutes, the stopcocks are turned so as to pass the ozo-
nized oxygen successively through tubes H, I, J, and the gas
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meter. The ozonized oxygen is passed through the potassium
iodide solution for 5 minutes (stopwatch), and notes are made of
the exact flowmeter reading and the volume of gas passing
through the wet meter. At the end of 5 minutes the stopcocks
are turned so as to by-pass tubes H, I, J, and the gas meter, and
From
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the ozonized oxygen stream is directed through the ozone de-
stroyer. (Caution: do not pass the ozone through the wet gas
meter.) The solutions in / and J are then combined, acidified,
and titrated as described in paragraph F above. Practically all
the ozone is absorbed in tube H. The second tube J is to prevent
any damage to the wet gas meter.

The procedure is then repeated, the secondary voltage being
kept constant but the rate of flow of oxygen being increased so
that the flowmeter readings are about 5 mm. and 10 mm. The
voltage is then changed so that the general range of 7000 to 12,000
volts in steps of about 1000 volts is obtained (Note 13). De-
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terminations of ozone produced are made for each voltage and
each rate of flow. These data may be plotted on coordinate paper
in order to determine the performance of the ozonizer. A portion
of such data is summarized in Table I, which represents the re-
sults from two different ozonizers constructed by different work-
ers in different laboratories.

TABLE I

VARIATION IN PERCENTAGE (BY VOLUME) OF OzONE (FROM OXYGEN) WITH RATE
OF FLow AND SECONDARY VOLTAGE

S dary Volt
Flowmeter Rate of Flow p ccondary Yotage

Reading mm. 1./hr. 7000 8000 9000 10,000 11,000 12,000
Ozonizer 1
20 5.6 139 319% 45% 6.0%
6.0 10.6 09 21 42 56
12.0 154 05 17 36 49
Ozonizer 2
20 5.7 67% 10% 11% 13% 12% 1.1%
5.0 0.8 60 65 67 12 69 68
10.0 14.4 55 62 65 61 68 69

For practical use in ozonolysis of compounds it is convenient
to recalculate these data to show the time required to produce
0.1 mole of ozone at a specified rate of flow and voltage. This is
illustrated by Table II.

TABLE II

Hours REQUIRED TO PrODUCE 0.1 MOLE OZONE FROM OXYGEN

S dary Volta,
Flowmeter Rate of Flow . ccondary vollage

mm. 1./hr. 7000 8000 9000 10,000 11,000 12,000
hr. hr. hr. hr. hr. hr
20 5.7 597 555 555 548 548 548
5.0 9.8 360 355 342 332 333 333
10.0 144 200 257 243 232 229 226

All ozonizers have individual characteristics since it is diffi-
cult if not impossible to build two absolutely identical ozonizers.
Variations in the composition of the glass and the annular space
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in the Berthelot tubes cause considerable changes in the amount
of ozone produced, as shown by Table I. Hence the perform-
ances indicated by the data in Table I would be duplicated only
under very fortuitous circumstances. The production of ozone
from the same ozonizer may vary from time to time; hence it is
desirable to check the percentage of ozone occasionally. If the
production of ozone drops markedly, the Berthelot tubes should
be carefully cleaned with hot nitric acid, thoroughly rinsed, and
dried. Higher percentages of ‘ozone may be obtained by having
more Berthelot tubes. With six tubes, concentrations of 9%, to
119, may be obtained.

H. Osonization of organic compounds. The ozonization of
each unsaturated organic compound is more or less an individual
problem, but some general comments may be made. Organic
ozonides are highly explosive, and hence it is safest to carry out
the ozonization in a solvent which dissolves both the original
compound and the ozonide. In all cases, a shatler proof screen of
laminated safety glass should be placed betwcen the operator
and the tubes H, I, and J. A sccond screen should be placed
back of the tubes to protect other picces of the apparatus.

The general procedure consists in dissolving a weighed
amount of the compound in a suitable solvent such as ‘glacial
acctic acid, methyl chloride, ethyl chloride, or carbon tetra-
chloride. The solution is placed in tube H and such an amount
is uscd that the same hydrostatic head is obtained as when the
5% potassium iodide solution was used in both tubes H and J.
Usually both tubes H and I are surrounded by cooling baths.
The ozonizer is started and the gases by-passed through the de-
stroyer for about 5 minutes while the apparatus is attaining
equilibrium. The ozonized oxygen is then passed through the
solution of the compound for the calculated time. Since all
organic compounds do not absorb ozone rapidly enough for a
quantitative absorption it is frequently necessary to run the
ozonization longer. The presence of unsaturation may often be
detected by testing a small portion of the reaction mixturc with
a dilute solution of bromine in carbon tetrachloride. The ozoni-
zation is continued until the test with the bromine solution is
negative.
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It is also possible to place a solution of the compound in tube
H to the proper height and use a 5%, potassium iodide solution
in tube J. At the end of the calculated time the contents of
tube J are titrated in order to determine the amount of ozone
that failed to react with the compound. From these data the
additional time necessary to complete the ozonization is calcu-
lated and the apparatus operated accordingly (Notes 14 and 15).

The procedures for the decomposition of the ozonide and
separation of the reaction products will vary according to the
nature of the compounds and must be designed and selected
accordingly.

Selective ozonization of compounds containing different types
of unsaturated linkages is possible by choosing a proper concen-
tration of ozone and by stopping the ozonization at the right
time. It is for this rcason that the calibration described above is
carried out, since for certain ozonizations it is important to have
the correct concentration for best results.

1. Use of air in place of oxygen. When air is the source of
oxygen the exit gases from the Berthelot tubes contain lower per-
centages of ozone than when pure oxygen is used. The gases also
contain small amounts of nitric anhydride,? the presence of
which may cause some side reactions to occur. However, a con-
siderable number of compounds may be satisfactorily ozonized
with air as the source of oxygen. The above apparatus will
operate satisfactorily with compressed air. It is essential to
bubble the compressed air through three 5-1. flasks half filled
with concentrated sulfuric acid before passing the air into the
purification train B, C, D, E, F, G. Some data on the production
of ozone from air at a secondary potential of 10,000 volts are given

in Table III.
TABLE III

PropucTIoN OF OZONE FROM AIR AT SECONDARY VOLTAGE OF 10,000

Rate of Flow

1531/br.  2181/hr.
Ozone, % by volume 3.0 29
Hours for production of 0.1 mole ozone . 48 34
N20s, % by volume 0.13 0.08

Moles HNOjg formed per 0.1 mole ozone 0.009 0.006
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At higher secondary voltages the percentage of nitrogen
pentoxide rises. A decrease in the rate of flow also increases the
amount of nitrogen pentoxide. It is obvious from thec data in
Table III that the amounts of nitrogen pentoxide are very small
and need to be considered only when examining a reaction mix-
ture for small amounts of by-products or when the presence of
this oxide of nitrogen would act as a catalyst for the oxidation of
the organic compounds by oxygen or ozone.

F16. 6.

2. Notes

s

1. If necessary, the rubber connecting tubes in the purifica-
tion train may be protected by painting them with molten paraf-
fin wax. .

2. Berthelot tubes constructed of Pyrex either fail to produce
ozone or give a low yield.* However, Henne and Perilstein 4 have
recently described a satisfactory ozonizer constructed of Pyrex
glass.

3. It is necessary to cool the water inside the Berthelot
tubes since the temperature of the small volume of water in the
inner tube reaches 40° or higher a short time after the current is
turned on, with consequent reduction in the amount of ozone
produced. It is usually not necessary to cool the large volume
of water'in the battery jar.

4. The mercury-cup seals may be replaced by ground-glass
joints lubricated with a very small amount of 859, phosphoric
acid. If ground-glass connections are used the inlet and outlet
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tubes should be bent to facilitate union. Figure 6 shows top and
side views of such Berthelot tubes. The holes in the wooden
supports should be large enough to permit the tubes to fit loosely.

5. Any large commercial laboratory battery jar is suitable.
The Exide types F-9 or F-11 are satisfactory.

6. The dimensions of these wooden supports will be deter-
mined by the battery jar. The position of the holes and slots
should be arranged so that the tubes may be spaced at convenient
distances as shown in Fig. 4.

7. The submitters used a transformer purchased from the
Franklin Transformer Company, Minneapolis, Minnesota, for
$25-30. It was provided with taps so that secondary voltages of
5500, 6600, 7700, 8800, 9900, and 11,000 could be obtainecd.
These transformers do not always deliver the rated voltage and
hence should be calibrated by actual measurement. The checkers
used a luminous tube transformer obtained from the Jefferson
Electric Company, Bellwood, Illinois, Cat. No. 721-411. Cap.
825 VA. Primary 115 V.A.C. 60 cycles. Secondary 15,000 V.
60 M.A. Price $19.60. The variable transformer used to regu-
late the voltage should be rated at 7.5 amperes and may be a
Varitran, Adjustavolt, or Variac.

8. It may make a difference which side of the transformer is
grounded, depending on the construction of the transformer;
the maker of the transformer should be queried on this point.

9. The reaction flask H can be made of different sizes He-
pending on the amount of solution being ozonized. The dimen-
sions of the parts in Fig. 5 are not critical; any tubes and stop-
cocks of convenient size are suitable.

10. Many reagents act as contact catalysts for the destruc-
tion of ozone; a study of some of them has been made.5

11. A wet gas meter such as No. S-39465, E. H. Sargent and
Company, is satisfactory. This meter need not be a permanent
part of the apparatus. It is used only to calibrate the flowmeter.

12. In order that the flowmeter may be used during an ozoni-
zation when tube J is empty it is necessary to mark the heights
of liquid on both tubes. The same liquid head (height X
density) must be present in the absorption tubes during calibra-
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tion and ozonization. For very accurate work a pressure regula-
tor should be incorporated in the oxygen train and a gas meter
made part of the set-up. For ordinary preparative work, how-
ever, these are not necessary.

13. If a transformer with taps is used the voltage chosen is
determined by each tap. With a luminous tube transformer and
Variac, a voltmeter is connected across the primary of the trans-
former. Since these transformers have a fixed ratio of primary
to secondary windings, the sccondary voltage will be nearly pro-
portional to the impressed primary voltage. Thus a transformer
designed to deliver 15,000 volts with a primary voltage of 115
volts will deliver approximately 12,000 volts when the primary
voltage is 4 of 115 or 92 volts.

14. It is cvident that for ordinary preparative work the
careful calibration given in section G is not essential. It is only
necessary to adjust the voltage of the transformer to about
10,000 to 11,000 volts and turn on the flow of oxygen to as rapid
a rate as the absorption tubes will handle when surrounded by
cooling baths. The amount of ozone produced in 5 minutes at
the observed flowmeter reading is determined as in section F.
By operating the ozonizer at this rate of flow and voltage the
ozonization of organic compounds can be carried out.

15. The ozonizer may be operated at higher rates of flow
of oxygen than shown in Tables I and II, provided that the
organic compound reacts with ozone at a reasonably rapid rate.
Some data on high rates of flow are given in Table IV.

TABLE 1V

PropuctION oF OzONE FROM OXYGEN AT HigH RATES OF FLOW AND SECONDARY
VoLrracE or 10,000

Rate % Ozone Hours to Produce
1./hr. (by volume) 0.1 Mole Ozone
27 47 1.76
32 4.5 1.55

45 4.1 1.23
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3. Methods of Preparation

Ozone for laboratory use has always been prepared by the
action of the silent electric discharge upon a stream of air or
oxygen. Although dielectrics other than glass are used in com-
mercial ozonizers, they do not give a percentage of ozone high
enough for laboratory use, and practically all laboratory ozonizers
employ the Berthelot tube and are modeled after the one orig-
inally constructed by Harries.® Good ozonizers of this type have
been described by Briner, Patry, and de Luserna,” and by Church,
Whitmore, and McGrew.2 The ozonizer described above is a
modification of the one described by Smith,® as improved by
Henne,'® and by Smith and Ullyot * and Greenwood.!! Henne
and Perilstein 4 described a modification of their ozonizer in
which the inner electrode is a tube filled with mercury; the outer
electrode is water-cooled.
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PALLADIUM CATALYSTS

NayPdCly 4+ CH20 + 3NaOH —
Pd + HCOONa + 4NaCl + 2H,0

PdCl, + H, — Pd + 2HCI

Submitted by Rareir MoziNgo.
Checked by HoMeR ADKINS and JaMES E. CARNAHAN,

1. Procedures (Note 1)

A. Palladium on barium sulfate catalyst (5% Pd). A solution
(Note 2) of 8.2 g. of palladium chloride (0.046 mole) in 20 ml.
(0.24 mole) of concentrated hydrochloric acid and 50 ml. of
water is prepared. To a rapidly stirred, hot (80°) solution of
126.2 g. (0.4 mole) of reagent barium hydroxide octahydrate in
1.2 1. of distilled water contained in a 4-1. beaker (Notes 3 and 4)
is added all at once 120 ml. (0.36 mole) of 6 N sulfuric acid.
More 6 N sulfuric acid is added to make the suspension just acid
to litmus (Note 5). To this hot barium sulfate suspension
(Note 6) is added the palladium solution and 8 tl. (0.1 mole)
of 379, formaldchyde solutidn. The suspension is then made
slightly alkaline to litmus with 309, sodium hydroxide solution,
constant stirring being maintained. The suspension is stirred
5 minutes longer and then the catalyst is allowed tosettle (Note 7).
The clear supernatant liquid is decanted and replaced by water,
and the catalyst is rcsuspended. The catalyst is washed by
decantation eight to ten times. After the final decantation, the
catalyst is collected on a 90-mm. medium-porosity sintered-glass
funnel (Note 8). Most of the water is removed from the cake,
but not enough to cause the cake to break or channel. The
filter cake is washed with 250 ml. of water in five portions, the
last being removed as completely as possible by filtration. The
funnel and its contents are then placed in an oven at 80° until
the catalyst is dry. The catalyst (93-98 g.) is powdered and
stored in a tightly closed bottle (Note 9).
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B. Palladium on carbon catalyst (5%, Pd). A suspension of
93 g. of nitric acid-washed Darco G-60 (Note 10) in 1.21. of water
contained in a 4-1. beaker (Notes 3 and 4) is heated to 80°. To
this is added a solution of 8.2 g. (0.046 mole) of palladium chloride
in 20 ml. (0.24 mole) of concentrated hydrochloric acid and
50 ml. of water (Note 2). Eight milliliters (0.1 mole) of 37%
formaldehyde solution is added. The suspension is made slightly
alkaline to litmus with 309, sodium hydroxide solution, constant
stirring being maintained. The suspension is stirred 5 minutes lon-
ger. The catalyst is collected on a filter and washed ten times with
250-ml. portions of water. After removal of as much water as
possible by filtration, the filter cake is dried (Note 11), first in
air at room temperature, and then over potassium hydroxide in
a desiccator. The dry catalyst (93-98 g.) is stored in a tightly
closed bottle.

C. Palladium chloride on carbon (5%, Pd). A solution of
8.2 g. (0.046 mole) of palladium chloride in 20 ml. (0.24 mole) of
concentrated hydrochloric acid and 50 ml. of water is prepared
(Note 2). The solution is diluted with 140 ml. of water and
poured over 92 g. of nitric acid-washed Darco G-60 (Note 10)
in an 8-in. evaporating dish (Note 3). After the palladium
chloride solution has been thoroughly mixed with the carbon,
the whole mixture is dried, first on a steam bath and then in an
oven at 100°, with occasional mixing until completely dry. The
mass (98-100 g.) is powdered and stored in a closed bottle.

The required quantity of palladium chloride on carbon is
transferred to a hydrogenation bottle and reduced with hydrogen
in the solvent to be used for the hydrogenation (Notes 12 and
13). When no more hydrogen is absorbed by the catalyst, it is
collected (Note 14) on a sintered-glass funnel and washed with
more of the solvent to remove the hydrogen chloride, and then
returned to the reduction bottle, the last being washed in with
the solvent. The material to be hydrogenated is then added
and the hydrogenation is completed in the usual way.

D. Palladium on carbon catalyst (109, Pd). A solution of 8.33
g. of palladium chloride in 5.5 ml. of concentrated hydrochloric
acid and 40 ml. of water is prepared by heating the mixture on a
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steam bath (Notes 2 and 15). The resulting solution is poured
into a solution of 135 g. of sodium acetate trihydrate in 500 ml.
of water contained in a 1-l. reduction bottle (Note 16). Forty-
five grams of Norite (Note 10) is added, and the mixture is
hydrogenated until absorption ceases after 1 to 2 hours. The
catalyst is collected on a Biichner funnel and washed with 2 1.
of water in five portions. The filter cake, after removal of most
of the water, is dried in air and then in a desiccator over calcium
chloride (Note 11). The catalyst (48-50 g.) is stored, after being
powdered, in a tightly closed bottle.

2. Notes

1. The four procedures given for the preparation of pal-
ladium catalysts differ in that in A the support is barium sulfate
or barium carbonate whereas in the others the support is carbon.
In procedures A and B, alkaline formaldehyde is the reducing
agent;in Cand D, hydrogen is used. The catalysts A, B, and D
are prepared and stored until required with the palladium in
the reduced form ready for use. In C,! the palladium salt is
reduced to the metal as needed, so that there is no loss of activity
during storage. Catalyst A is similar to that usually recom-
mended for Rosenmund reductions; D is essentially that devel-
oped by Hartung? and extensively used by Cope? and others.
Catalyst D carries twice as much palladium per unit weight as
the others.

Catalysts reduced with formaldehyde carry no adsorbed
hydrogen and are less pyrophoric. Barium carbonate as a sup-
port may sometimes be advantageous in that the neutrality of
the hydrogenation mixture may be maintained. Barium sulfate
or barium carbonate may be a better support than carbon, which
may, in some instances, so strongly adsorb the derived product
that recovery is difficult or incomplete. Palladium may be more
completely and easily recovered from a spent catalyst where
carbon rather than barium sulfate is the support. In general,
the submitter prefers a catalyst prepared according to pro-
cedure C. '
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2. Since palladium chloride dissolves rather slowly in aque-
ous acid, the mixture is heated on a steam bath for about 2 hours,
or until solution is complete. If the dihydrate of palladium
chloride is used the quantity should be increased to 9.9-10.0 g.

3. The entire preparation is carried out with all-glass or
porcelain equipment in order to prevent contamination with
iron or other metals.

4. The catalyst may be prepared in ten times the amount
given here, with a 20-1. battery jar in place of the beaker.

5. The rapid addition of sulfuric acid is made to give finely
divided barium sulfate.

6. An equal weight of precipitated barium carbonate (93 g.)
may be substituted for the barium hydroxide and sulfuric acid
to give a palladium on barium carbonate catalyst. The amount
of hydrochloric acid should then be reduced to 8.2 ml.

7. After 5 minutes, the solution is colorless and free of pal-
ladium chloride.

8. A Biichner funnel may be used, but filtration through
paper is very slow. The washing process may be carried out by
centrifugation instead of filtration.

9. The palladium may be conveniently separated from the
barium sulfate by solution in aqua regia. The used catalyst is
collected from the reaction mixture on a sintered-glass funnel.
The organic material is removed with suitable solvents, and the
solvents are replaced by water. The palladium is dissolved in
aqua regia and is washed out with dilute hydrochloric acid, the
solutions being collected for recovery of the metal. For recovery
of the palladium from carbon, the mass is ignited and the ash is
extracted with aqua regia for several hours. The palladium
solution is filtered, and any residue is reignited and then trcated
with alkaline formaldehyde solution to reduce any oxides of
palladium which may have been formed, and which are only
slowly soluble in aqua regia. The solids are collected on a filter,
and the palladium is extracted with aqua regia.

10. Norite, Darco, or other carbons, may be used. The car-
bon is heated on a steam bath with 109, nitric acid for 2 to
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3 hours, washed free of acid with water, and dried at 100-110°
before use.

11. The palladium on carbon catalysts should be dried at
room temperature or the carbon may ignite. These catalysts
are first dried in air and then over potassium hydroxide (or
calcium chloride) in a desiccator.

12. The solvent is conveniently that in which the hydrogena-
tion is to be done. During the reduction of the palladium chlo-
ride, a neutral solvent is to be preferred; any acid or alkali needed
for the hydrogenation is added after reduction of the catalyst.

13. The presence of hydrogen chloride during the hydro-
genation of many organic compounds is desirable or without
effect, so that the washing operations may be omitted in such
cases. Thus, the palladium chloride on carbon may be used in
the same manner as the prereduced catalysts, i.e., simply added
before reduction to the solvent and the hydrogen acceptor.

14. The catalyst should be kept wet with the solvent during
the washing process, as it is pyrophoric.

15. The resulting solution is approximately equivalent to
50 ml. of the commercial palladium chloride solution (p. 32)
suggested by Hartung and Cope.?

16. The checkers reduced the palladium chloride, in three
batches, in a 500-ml. bottle. The bottle was not shaken, but
the contents were rapidly stirred under a pressure of 1.1 atmos-
pheres of hydrogen. The reduction of each batch required about
5 hours.

3. Methods of Preparation

Palladium catalysts have been prepared by fusion of pal-
ladium chloride in sodium nitrate to give palladium oxide; ¢ ® by
reduction of palladium salts by alkaline formaldehyde ¢:7:8 or
sodium formate,® by hydrazine ! and by the reduction of pal-
ladium salts with hydrogen.! The metal has been prepared in
the form of palladium black,’:® and in colloidal form in water
containing a protective material,’® as well as upon supports.
The supports commonly used are asbestos,'? barium carbonate,!?
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barium sulfate,!-7-8 ! calcium carbonate,!s carbon,!: 1: 14. 16 kiesel-
guhr,!: 18 silica-gel,!” and strontium carbonate.’® The catalysts
described here are prepared by modifications of the methods of
Schmidt,® Rosenmund and Langer,* Mannich and Thiele,* and
Hartung.?-3
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1,6-PENTANDIOL

H,C CH, 1,
H,C CHCH,0H ©CuCrOs
N\ /

Submitted by DaNIEL KAurmMAN and WILKINS REEVE.
Checked by HoMER ADKINS and HARRY BILLICA.

1. Procedure

Five hundred and ten grams (5 moles) of pure tetrahydro-
furfuryl alcohol (Note 1) and 50 g. of copper chromite (Note 2)
are placed in a hydrogenation bomb having a void of 1400 ml.
(Note 3). The bomb, in a suitable rocker assembly, is filled with
hydrogen to a pressure of 3300 to 3500 1b. per sq. in. (Note 4).
The bomb is rocked and heated. The pressure must not at any
time be allowed to go much above 6000 Ib. per sq. in. If the pres-
sure rises higher than 6200 pounds, the heating of the bomb
should be stopped (Note 5). In a typical run, the pressure
reaches a maximum of about 6100 lb. at 255° after 2 hours. The
pressure then slowly falls to about 4400 1b. during another hour,
as the temperature rises to a little over 300°. During the ensuing
6 hours, the pressure falls to about 3000 pounds while the tem-
perature is held at 300-310°.

The bomb is allowed to cool to room temperature, where the
pressure should be 1000-1100 Ib. The contents of the bomb are
poured into a beaker, and the bomb is rinsed twice with 100-ml.
portions of acetone. The catalyst is removed by centrifuging,
and the reaction mixture is distilled through a fractionating
column (Note 6). A fraction boiling in the range 60-140°, con-
taining a-methyltetrahydrofuran, water, and #-amyl alcohol, is
distilled at atmospheric pressure (Note 7). Tetrahydrofurfuryl
alcohol (80-110 g.) is recovered, boiling at 65-70°/10 mm.; the
1,5-pentandiol boiling at 118-120°/6 mm. is obtained in amounts
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varying from 200 g. to 244 g. The yield is 40-479, of the theo-
retical, without allowance being made for the recovered tetra-
hydrofurfuryl alcohol. The residue of products boiling above
the glycol amounts to 25-35 g.

2. Notes

1. The tetrahydrofurfuryl alcohol available from the Quaker
Oats Company, or the Practical grade from the Eastman Kodak
Company, has been used. If the material available does not
hydrogenate satisfactorily, it may be purified by hydrogenation
over Raney nickel at 150°/100-200 atmospheres pressure. A
sample of good quality boils at 177-178°/740 mm. and does not
become dark-colored when a few milliliters are shaken with 1 drop
of concentrated sulfuric acid at room temperature.

2. The catalyst is prepared as described in Note 11 for the
preparation of copper chromite.!

3. The hydrogenation bomb supplicd under catalog No. 406—
21, by the American Instrument Company, Silver Spring, Mary-
land, is satisfactory. The internal volume of the empty bomb
should be at least 2.7 times that of the volume of tetrahydrofur-
furyl alcohol added, as otherwise not enough hydrogen can be
added for the completion of the reaction, without the use of
excessively high pressures. The submitters maintained the pres-
sure above 5500 lb. per sq. in. by intermittently adding hydrogen.

4. Temperatures higher than about 300° and pressures higher
than 6000 Ib. per sq. in. should not be used in the vessels and
with the gauges ordinarily supplied for “high-pressure” hydro-
genations. Only clean equipment, in first-class condition, and
under careful control, can be used safely and successfully in carrying
out reactions under the conditions described.

5. If hydrogenolysis does not occur, the pressure would be
about 7000 lb. when a temperature of 300° is reached. If the
pressure rises above 6200, starting with 3500 1lb. at room tem-
perature, it is evident that the quality of the catalyst or the
alcohol is not satisfactory. Further attempts to prepare the
glycol should be made with alcohol and catalyst of better quality,
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or starting with a pressure sufficiently low (3000 1b.) so thata
safe operating pressure will not be exceeded.

6. A Vigreux-type column 60 cm. in length and 2 cm. in out-
side diameter was used for the fractionation. The submitters
state that they have also used a column of similar dimensions,
packed with glass helices, for a fractionation at atmospheric
pressure. They.recommended the Vigreux column under re-
duced pressure, as used by the checkers.

7. When acetone was not used for washing out the bomb, a
fraction weighing 70-75 g. was obtained by the submitters.
After drying over anhydrous potassium carbonate, they ob-
tained, by fractional distillation, 3-6 g. of a-methyltetrahydro-
furan, b.p. 80-81°, and 23-28 g. of n-amy! alcohol, b.p. 137-138°.
The alcohol obtained was pure, and neither secondary amyl nor
butyl alcohols could be detected.

3. Methods of Preparation

1,5-Pentandiol has been prepared by the reduction of methyl
glutarate 23 and by the reduction of epoxy-1,5-pentanol-5.4 It
has also been prepared from pentamethylene bromide by con-
version to the diacetate followed by hydrolysis to the glycol.’
The procedure described is'a modification of that of Connor and
Adkins.
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PYOCYANINE
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Submitted by ALEXANDER R. SURREY.
Checked by LEE IrviN SmrtH and CBIE{«-PEN Lo.

1. Procedure

A. a-Methoxyphenazine (condensation). Two hundred grams
(0.42 mole) of powdered lead dioxide (Note 1) is added to a solu-
tion of 10 g. (0.07 mole) of pyrogallol monomethyl ether (p. 90)
in 3 1. of dry benzene in a 1-gal. narrow-necked acid bottle. The
bottle and contents are placed in a shaking machine and shaken
for 10-20 minutes (Note 2). The reddish brown solid is filtered
through an 11-cm. Biichner funnel, and the filter cake is washed
once with 400 ml. of benzene. To this filtrate there is added,
immediately and with mechanical stirring, a solution of 6 g
(0.06 mole) of o-phenylenediamine (Note 3) in a mixture of
80 ml. of glacial acetic acid and 200 ml. of benzene. The solu-
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tion, which becomes dark brown, is allowed to stand at room
temperature for 1.5 hours; it is then divided into two portions
and each portion is washed, in a 3-l. separatory funnel, three
times with water, twice with 59, sodium hydroxide solution,
and finally twice with water, 100-ml. portions being taken each
time. Each of the benzene solutions is shaken with 50 g. of
anhydrous sodium carbonate and 5 g. of Norite and filtered
through an 11-cm. Biichner funnel. Each filtrate is stirred with
50-60 g. of activated alumina (Note 4) until a filtered sample
shows a light yellow color. The alumina is filtered on a folded
filter and washed with benzene until the washings are almost
colorless. The benzene is removed from the combined filtrates
by distillation under reduced pressure on a water bath at 40-50°.
The residual light yellow solid (Note 5) is recrystallized by dis-
solving it in the lcast possible amount of hot pyridine, adding
water to the point of incipient precipitation, and cooling. The
light yellow crystals are filtered on a 7-cm. Biichner funnel,
washed with water, and air dried. The yield is about 5 g. (339%)
of a product that melts at 167-169° (Note 6).

B. a-Hydroxyphenazine (demethylation). A solution of 4.2 g.
(0.02 mole) of a-methoxyphenazine, from A above, in 125 ml.
of 55%, hydrobromic acid (Note 7) is placed in a 250-ml. round-
bottomed flask fitted with a reflux condenser. The flask is im-
mersed in an oil bath, and the solution is heated to 110-120°
for 5 hours; the evolved gases are absorbed with water in a trap.!
The reaction mixture is cooled to room temperature, diluted
with about 125 ml. of water, almost neutralized with sodium
hydroxide (Note 8), and extracted six times with 30- to 40-ml.
portions of ether. The combined ether extracts are extracted
with 25-ml. portions of 109, sodium hydroxide solution (Note 9)
until no more purple sodium salt is removed from the ether.
The aqueous extracts are combined, made acid to litmus with
dilute acetic acid, and re-extracted four times with 50-ml. por-
tions of ether. The combined ether extracts are dried over
anhydrous sodium sulfate, and the ether is removed by distilla-
tion on a steam bath. The residue is recrystallized as follows:
It is dissolved in the least possible amount of hot alcohol, water
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is added to the point of incipient precipitation, then 0.5 g. of
Norite is added, and the hot solution is filtered. The filtrate is
cooled in ice water, and the orange solid is filtered on a 7-cm.
Biichner funnel, washed with water, and dried in an oven at 100°.
The yield is 2.7 g. (70%) of a product which melts at 153-155°.

C. Pyocyanine (alkylation). A solution of 2 g. (0.011 mole)
of a-hydroxyphenazine in 13.4 g. (10 ml., 0.1 mole) of methyl
sulfate (Note 10) is placed in a 250-ml. Erlenmeyer flask fitted
with a calcium chloride drying tube and heated at 100° (oil
bath) for 10 minutes. The solution is allowed to cool to room
temperature, and about 75 ml. of dry ether is added. The dark
brown solid is filtered on a 7-cm. Biichner funnel and washed
with about 150 ml. of dry ether in several portions (Note 11).

The dry methosulfate, dissolved in about 30 ml. of water, is
made alkaline with 2-3 ml. of 109, sodium hydroxide, and the
solution is then extracted exkaustively with successive 15-ml.
portions of chloroform until no more blue substance is removed
from the aqueous solution (Note 12). The combined chloroform
solutions are extracted three times with 20-ml. portions of 5%,
hydrochloric acid. The combined acid extracts are made alka-
line to phenolphthalein with 109, sodium hydroxide and re-
extracted exhaustively with 25-ml. portions of chloroform until
no more blue substance is removed from the aqueous solution
(Note 12). The combined chloroform solutions are dried over
anhydrous sodium sulfate and decanted, and the chloroform is
removed by distillation under reduced pressure. The blue crys-
talline residue is recrystallized by dissolving it in the least pos-
sible amount of water at 60° and then cooling the solution in an
ice bath. The product is filtered on a 5-cm. Biichner funnel
and dried in the dark in a vacuum desiccator over calcium chlo-
ride. The yield is 1.35 g. (58%,) of dark blue needles that melt
at 133° (Note 13).

2. Notes

1. Lead peroxide “analytical reagent” of low manganese
content was used.

2. On a scale twelve times as large, a “Lightnin” stirrer
was used for 20 minutes.
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3. o0-Phenylenediamine, m.p. 99-101°, from Eastman Kodak
Company was used.

4. The amount of alumina needed depends upon the color
of the benzene solution. Sufficient alumina (activated alumina,
80 mesh, from Aluminum Corporation of America) is taken so
that the filtrate is only light yellow in color. On the larger scale
only 100-200 g. of alumina was needed.

5. The residue, without recrystallization, is pure enough
for the preparation of a-hydroxyphenazine.

6. The submitter reports yields somewhat higher (33-40%,)
and states that, on a larger scale, the yields are slightly better
than 409,

7. The concentration of hydrobromic acid used ranged from
50% to 55%.

8. Concentrated sodium hydroxide solution (about 100 ml.
of 35%,) is used at the beginning of the neutralization, and dilute
sodium hydroxide solution is added towards the end. The reac-
tion mixture should be just faintly acid to litmus.

9. If any solid sodium salt separates during the extraction,
it can be redissolved by adding water.

10. The methyl sulfate should be freshly distilled under
reduced pressure. ’

11. The yield of methostlfate is practically quantitative.

12. The solution must be extracted exhaustively; the checkers
found that thirty such extractions were required to remove all
the product. A continuous extractor might be used at this point
and certainly would be necessary for large-scale runs.

13. The same percentage yield was obtained with double
the amounts specified above. The pyocyanine thus obtained
can be stored in a vacuum desiccator in the dark for several
weeks without appreciable decomposition. It slowly decom-
poses on longer standing to give the yellow a-hydroxyphenazine.

3. Methods of Preparation

This series of reactions is essentially the one described by
Wrede and Strack.? Pyocyanine can also be prepared by the
photochemical oxidation of phenazine methosulfate.?
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PYROGALLOL 1-MONOMETHYL ETHER
CHO OH

OH Hz02 OH
NaOH
OCHjz OCHj3

Submitted by ALEXANDER R. SURREY.
Checked by LEE IrvIN SmiTH and CHIEN-PEN Lo.

1. Procedure

The apparatus consists of a 1-1. three-necked flask fitted with
a gas inlet tube extending about 3 cm. into the flask and con-
nected to the flask through a bubbler, a thermometer extending
to the bottom, a mechanical stirrer, and a reflux condenser con-
nected at the upper end with an exit tube leading to the hood.
The reaction is carried out in an atmosphere of illuminating gas
(Note 1).

In the flask are placed 60.8 g. (0.4 mole) of 2-hydroxy-3-
methoxybenzaldehyde (Note 2) and 200 ml. of 2N sodium hy-
droxide (0.4 mole). The mixture is stirred until almost all the
solid has dissolved. The stirrer is replaced by a dropping funnel
which contains 284 ml. (0.5 mole) of 6%, hydrogen peroxide
(Note 3). With occasional shaking, the hydrogen peroxide is
added in portions of 20-25 ml. About 1 hour is required for the
addition; the temperature is kept between 40° and 50°. After
the addition of the first portion of hydrogen peroxide, the tem-
perature rises to about 45° and a dark solution results. The
temperature is allowed to fall to 40° before the next portion of
the peroxide is added.
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After all the hydrogen peroxide is added, the reaction mix-
ture is allowed to cool to room temperature and is then saturated
with sodium chloride, after which it is extracted four times with
100-ml. portions of ether. The combined extracts are dried
over sodium sulfate. The ether is removed by distillation on a
steam bath, and the residue is then distilled under reduced pres-
sure. Pyrogallol monomethyl ether is collected at 136-138°/22
mm. The yield is 38-44.5 g. (68-809)) of a colorless to light
yellow oil which solidifies on standing (Note 4).

2. Notes

1. Nitrogen can be used in place of illuminating gas. The
gas is introduced at the rate of about 3 bubbles per second.

2. Practical 2-hydroxy-3-methoxybenzaldchyde (Eastman
Kodak Company) was used in this preparation. Care should be
taken when working with this material as its vapors are irritating
and will cause sneezing.

. The hydrogen peroxide solution was prepared by diluting
63 g. of a solution containing 279, hydrogen peroxide with water
to 284 ml.

4. The procedure descnbed is similar to that of Dakin ! for
the preparation of catechol. 2’ The reaction has been carried out
using four times the quantities specificd here; the yicld was 819,
(C. F. H. Allen, private communication)

3. Methods of Preparation

Pyrogallol monomethyl ether has been prepared by the
methylation of pyrogallol with dimethyl sulfate?® or methyl
iodide; ¢ by the decarboxylation of 2,3-dihydroxy-4-methoxy-
benzoic acid; 5 and by the mecthylation of pyrogallol carbonate
with diazomethane and subsequent hydrolysis.® The method
described is taken from the improved procedure of Baker and
Savage 7 for the preparation of pyrogallol monomethyl ether
from o-vanillin by oxidation with hydrogen peroxide.
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SALICYL-0o-TOLUIDE
(o-Salicylotoluide)

N\—O0H CH,4
+ —
Y COOC6H5 '—NH2
. H

CO—NH

+ C¢H;OH

CH;

Submitted by C. F. H. ALLEN and J. VANALLAN.
Checked by H. R. SNYDER and R. Ly RowLAND.

1. Procedure

In a 250-ml. flask attached to a Vigreux column 30 cm. in
over-all length (Note 1), a mixture of 42.8 g. (0.2 mole) of phenyl
salicylate (“Salol,” m.p. 42-43°), 26.7 g. (0.25 mole) of o-tolui-
dine, and 60 g. of 1,2,4-trichlorobenzene (m.p. 15-16°), is heated
at the boiling point, so that the phenol formed slowly distils.
The temperature rises from 183° to 187° during the first hour,
and 22-23 g. of distillate is collected. Heating is continued until
the temperature rises to 202° and a total of 45-46 g. of distillate
has been collected (Note 2). The flask is then removed, and to
it are added 3 g. of Norite and 10 ml. of trichlorobenzene. The
mixture is heated to boiling and filtered hot by suction. The
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filtrate is allowed to stand in the ice chest overnight. The crys-
talline amide is filtered by suction, slurried with 75 ml. of ligroin
(b.p. 90-120°) at 35-40°, and filtered. After being dried to con-
stant weight, the salicyl-o-toluide, m.p. 143-144°, amounts to
33-35 g. (73-711%) (Notes 3, 4, 5).

2. Notes

1. These are measurements of standard ground-glass equip-
ment.

2. The checkers preferred a-methylnaphthalene (Eastman,
Practical) as the diluent. When it is used in the apparatus
described the phenol does not distil, so that a reaction flask fitted
with an air-cooled condenser is more convenient. The reactants
in 60 g. of a-methylnaphthalene are heated in an oil bath at
230° for 1.5 to 2 hours. Three grams of Norite and 20 g. more of
a-methylnaphthalene are then added, and the mixture ig treated
as described in the Procedure. The yield and melting point of
the product are identical with those described.

3. Since the pure material ! melts at 144°, the product needs
no further purification for ordinary purposes. It has a faint odor,
which can be removed by recrystallization from aqueous ethanol
(suitably by solution in 8-10 ml. of ethanol per gram of material
and the addition of water just short of precipitation from the hot
solution). The loss in recrystallization is only about 5%); the
melting point is unchanged.

4. By working up the filtrate, only about 2 g. of material of
poor quality can be secured.

5. Other anilides can be prepared by this procedure.

AwmiNe Usep M.P. or ANILIDE  YIELD, %,

Aniline 131-132° 70
2,5-Dichloroaniline 228° 89
B-Naphthylamine 188° 84
2-Aminopyridine 206° 86
1-Aminoanthraquinone 278-284° 79

When the boiling point of the amine is widely different from
that of phenol, a diluent is unnecessary though it facilitates puri-



94 ORGANIC SYNTHESES

fication. In the absence of a diluent, the hot melt is poured into
alcohol and recrystallized, using a decolorizing carbon; there is
considerable tendency towards crystallization during the filtra-
tion from the charcoal.

Salicylanilide (m.p. 131-132°) is obtained by heating the
mixture without a diluent for 3 hours at 180-200° with a short
air condenser, pouring the melt into 100 ml. of alcohol and work-
ing up as above. The persistent pink color is not easily removed.

3. Methods of Preparation

Salicyl-o-toluide has been prepared only by the action of
phosphorus oxychloride upon a mixture of salicylic acid and
o-toluidine. The useful methods of preparation of salicylanilide
are by the interaction of salicylic acid and aniline in the presence
of phosphorus trichloride,> %4 by heating phenyl salicylate and
aniline,® and from o-hydroxybenzamide and bromobenzene in
the presence of small amounts of sodium acetate and metallic
copper.® A number of these and other anilides have been de-
scribed.”
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TEREPHTHALIC ACID
COCHjs; COOH

(0)
HNOj3 then KMnO4

CH; COOH

1
Submitted by C. F. KoeLscH.
Checked by C. F. H. ALLEN and J. VANALLAN.

1. Procedure

One hundred grams (0.75 mole) of p-methylacetophenone !
is added to a mixture of 250 ml. (4 moles) of concentrated nitric
acid (sp. gr. 1.42) and 1 1. of water in a 3-1. flask, and the mixture
is refluxed in a hood for 4 hours. After the mixture has been
cooled, the sticky, yellow solid is collected on a 14-cm. Biichner
funnel, pressed down well,»and washed with 300 ml. of cold
water.

The moist solid is mixed with 1 1. of water and 35 g. of sodium
hydroxide in a 3-1. three-necked flask, fitted with a mechanical
stirrer and a reflux condenser, and the stirred mixture is heated
almost to its boiling point. Through the momentarily opened
third neck of the flask is added, in portions of about 20 g., 300 g.
(1.9 moles) of potassium permanganate, at such a rate that the
boiling of the stirred mixture is maintained without external
heating. After the addition has been completed, the mixture is
refluxed for 2 hours; if any permanganate remains it is destroyed
by the addition of 25 ml. of alcohol. The mixture is then filtered
through a 14-cm. Biichner funnel, and the manganese dioxide
is washed by removing it from the funnel, slurrying with 500 ml.
of hot water (Note 1), and filtering.
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The combined filtrates are heated nearly to boiling and
acidified with a solution of 108 ml. of concentrated sulfuric acid
(sp. gr. 1.84) in 400 ml. of water. After the mixture has been
cooled to room temperature, the terephthalic acid is filtered and
washed by stirring on the filter with three successive 100-ml.
portions of cold water. The product is dried in an evaporating
dish on a steam bath. The yield of terephthalic acid which sub-
limes at 300° or higher without melting is 105-109 g. (84-88%)
(Notes 2 and 3).

2. Notes

1. This extraction yields 1-2 g. of the product.

2. The acid is analytically pure. There is no satisfactory
solvent for the recrystallization of large amounts of terephthalic
acid. Small quantities may be recrystallized from acetic acid,
but the purity of a properly precipitated and washed sample is
not thereby improved.

3. The high yields of ethyl ester obtainable from the product
attest its purity. A mixture of 50 g. of terephthalic acid, 500 ml.
of absolute ethyl alcohol, and 25 ml. of sulfuric acid was boiled
for 16 hours and then distilled to half its volume and poured into
dilute aqueous sodium carbonate. There was obtained 56.7 g.
of diethyl terephthalate (m.p. 42-44°), and from the wash water
there was recovered 4.6 g. of terephthalic acid; these materials
account for 93.39%, of the original substanee.

3. Methods of Preparation

Terephthalic acid has been obtained from a great many
p-disubstituted derivatives of benzene or cyclohexane by oxida-
tion with permanganate, chromic acid, or nitric acid. The fol-
lowing routes appear to have preparative value: from p-toluic
acid,® p-methylacetophenone,® or dihydro-p-tolualdehyde ¢ by
oxidation with permanganate; from p-cymene by oxidation with
sodium dichromate and sulfuric acid;® from p-dibromobenzene
or from p-chloro- or p-bromobenzoic acid by heating at 250°
with potassium and cuprous cyanides;® and from p-dibromo-
benzene, butyllithium, and carbon dioxide.”
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The two-stage oxidation described in the present preparation
is new and appears to be more convenient than any of the pro-
cedures referred to above.
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o-TOLUALDEHYDE
(IDI
CONHCeHﬁ C=NC6H5
PCly SnCly
—_>
) HCI1
CH; CHj;
I_II .
C=NCgHj; CHO
HCI
H.0
AN AN
CHs CH3

Submitted by JoNaTHAN W. WiLL1AMS, CHARLES H, WITTEN,
and JoBN A. KRYNITSKY.
Checked by W. E. BacuMaNnN and N. C. DENo.

1. Procedure

Thirty grams (0.14 mole) of o-toluanilide (Note 1) and 20 ml.
of dry benzene are placed in a 125-ml. Claisen flask which is
fitted with a condenser for distillation under reduced pressure
and set in a water bath. The bath is heated to 50°, and 30 g.
(0.14 mole) of phosphorus pentachloride is added to the mixture
over a period of 10 minutes. The bath is then heated to 75°
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and this temperature is maintained for 15 minutes. The benzene
and most of the phosphorus oxytrichloride are then removed by
distillation at 20 mm. from a bath at 95°. The crude N-phenyl-
o-toluimidyl chloride which remains as a viscous liquid is suffi-
ciently pure for the next step.

A mixture of 50 g. (0.26 mole) of anhydrous stannous chlo-
ride ! and 225 ml. of dry ether is placed in a 1-1. three-necked
round-bottomed flask fitted with a rubber-tube sealed stirrer,?
an inlet tube reaching nearly to the bottom of the flask, and a
reflux condenser (Note 2) protected by a calcium chloride drying
tube. The mixture is saturated with dry hydrogen chloride 3
(Note 3) with continuous stirring. Within 3 hours all the stan-
nous chloride dissolves, forming a clear viscous lower layer. The
source of hydrogen chloride is then disconnected, 4nd the freshly
prepared imidyl chloride is transferred into the mixture with the
aid of 25 ml. of dry ether (Note 4). Stirring is continued for
1 hour, and then the reactants are allowed to stand at room
temperature for 12 hours.

Ice (about 100 g.) and then 100 ml. of cold water are added,
the mixture is stirred for 10 minutes, and then the ether is re-
moved by distillation (Note 5). To the residue in the flask is
added sufficient water to make the total volume about 300 ml.
Steam distillation is then carried out until the distillate comes
over clear. This process requires about 1 hour. The aldehyde
is extracted from the steam distillate with three equal portions
of the ether recovered above, and the ether solution is dried for
several hours over anhydrous sodium sulfate.

The ether is removed by dropping the solution slowly from a
separatory funnel into a 50-ml. Claisen flask fitted with a con-
denser for downward distillation and heated on a steam bath
(Note 6), and the residual aldehyde is distilled under reduced
pressure. The yield of o-tolualdehyde boiling at 90-93°/19 mm.
is 10.5-12 g. (62-70%).

2. Notes
1. The o-toluanilide was prepared by the reaction of o-tolyl-

magnesium bromide with phenyl isocyanate.t If the o-toluanilide
has been recrystallized from petroleum ether, it may be necessary
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to melt the light fluffy crystals (to a more compact form) in order
to get all the compound into the flask.

2. A reflux condenser is not necessary if the mixture is kept
ice-cold during the addition of hydrogen chloride.

3. The checkers used hydrogen chloride from onc of the
cylinders of hydrogen chloride now available commercially.

4. At this point considerable evolution of heat occurs. A
cold water bath should be kept in readiness for application to
the reaction flask.

5. The distillate, which may contain a small amount of
o-tolualdehyde, is collected and used for the subsequent extrac-
tion.

6. In this step the recovered ether is collected in a dry atmos-
phere, and about 100 ml. of this ether is used in two portions to
extract the sodium sulfate residue in order to transfer into the
flask any small quantities of the aldehyde that may have been
trapped by the drying agent.

3. Methods of Preparation

o-Tolualdchyde has been prepared by the oxidation of
o-xylene,® by the oxidation of o-xylyl chloride,® by the oxidation
of o-tolylcarbinol,” by the reaction of o-tolylmagnesium bromide
with ethyl formate,® and by the reaction of o-tolylmagnesium
bromide with ethoxymethyleneaniline.? The procedure described
is based on the method of Sonn and Miiller 1° as studied for
o-tolualdehyde by King, L’Ecuyer, and Openshaw.!!
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SUBJECT INDEX

(This cumulative index comprises material from Volumes 20 through 26 of this
series; for previous volumes see Collective Volumes 1 and 2.)

Names in small capital letters refer to the titles of individual preparations. A number in
ordinary bold-face type denotes the volume. A number in bold-face italics refers to a page
which gives preparative directions for substances formed either as principal products or as
by-products; numbers in ordinary type indicate pages on which a compound or a subject is
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on with other preparations. For example, Acetone cyanohydrin, 20, 42,

43, indicates that acetone cyanohydrin is mentioned on page 42, and that directions for its
preparation are given in detail on page 43, of Volume 20.

Absorbent cotton, 20, 8, 9

Acenaphthene, 20, 1; 21, 1, 2; 24, 1

ACENAPHTHENEQUINONE, 24, 1

ACENAPHTHENOL-7, 21, 1

ACENAPHTHENOL ACETATE, 21, 1

Acenaphthenone, 21, 3

B-3-ACENAPHTHENYLCARBONYLPROPI-
ONIC ACID, 20, 1

B-(1-ACENAPHTHOYL)-PROPIONIC  ACID,
20, 4

B-(3-ACENAPHTHOYL)-PROPIONIC ACID,
20, 1

Acetal, 23, 8; 26, 1

ethyl formate method, 26, 93

Acetaldehyde, 23, 61, 84; 24, 62

ACETALDEHYDE, AMINO-, DIETIIYL ACE-
TAL, 24, 3

ACETALDEHYDE, BROMO-, DIETHYL ACE-
TAL, 23, 8; 24, 3 *

Acetamide, 25, 36

H-ACETAMINOBENZENESULFINATE, SODI-
uM, 22, 31

a-Acetamino-3,4-methylenedioxycin-
namic acid, 22, 93

ACETANILIDE, a-BENZOYL, 26, 7

Acetic acid, 22, 57, 87; 23, 37; 24, 76

ACETIC ACID, BENZOYL-, ETHYL ESTER,
23, 35; 26, 7

ACETIC ACID, BROMO-, ETHYL ESTER, 28,
37

ACETIC ACID, DI-($-CHLOROPHENYL), 26,
21

Acetic anhydride, 20, 6, 55, 75, 102;
21, 13, 105; 22, 1, 54, 56, 91; 23, 37,
64; 24, 18, 76, 85; 26, 78

ACETOACETANILIDE, 21, 4; 24, 68

ACETOBROMOGLUCOSE, 22, 1; 26, 53

Acetone, 20, 6, 8, 40, 43, 62; 22, 101; 23,
66, 79; 26, 38

Acctone—Continued
drying, 20, 7; 26, 54
pyrolysis to ketene, 21, 64, 65
Acetone cyanohydrin, 20, 42, 43
Acetonitrile, 24, 6
Acetophenone, 20, 32; 21, 39; 22, 99;
23, 30, 48, 68; 24, 9, 82
ACETOPHENONE, 2,4-DIHYDROXY-, 21,
103
Acetophenoncoxime, 22, 27
ACETOPHENONEPHENYLHYDRAZONE, 23,
98, 99
1-ACETOXY-3-NAPOTHALDEHYDE, 21, 87
ACETYLACETONE, 20, 6; 21, 68
copper salt, 20, 6
Acetylation, 20, 21, 74
of an amine in aqueous solution, 25,
78
of gentiobiose, 22, 54
of glucose, 22, 1
of 6-trityl-8-d-glucose, 22, 56
ACETYLRENZOYL, 23, 1
Acetyl bromide, 23, 102
Acetyl chloride, 20, 21; 21, 46; 28, 100,
103, 105; 24, 41
Acetylene, 20, 40; 22, 101
ACETYLKETENE, 21, 64
Acetylsalicylyl chloride, 23, 66
Acetylsalicylyl peroxide, 23, 66
Acetyl-o-toluidine, 22, 94
substituted, conversion to indoles, 22,
95
Acetylxylidines, conversion to indoles,
23, 95
ACRIDINE, 5-(9-)AMINO-, 22, §
Acridone, 265, 5
Acrolein, 25, 1
ACROLEIN, DIETHYL ACETAL, 25, 1
Acrylates, 26, 20
101
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ACRYLIC ACID, #-BUTYL ESTER, 26, 18
Acrylic esters, 26, 20
Acylation by an ester, 23, 35
Acylchlororesorcinols, 20, 58
Acylresorcinols, 20, 58
Adapter for steam distillation, 22, 11
Addition, of bromine to a double bond,
22, 50; 23, 9; 24, 33
of bromine to an unsaturated acid,
22, 76, 82
of bromine to an unsaturated alde-
hyde, 26, 92
of chlorine to aromatic iodo com-
pounds, 22, 69, 70
of a cyanide to a lactone, 22, 30
of cyanacetic ester to p-benzoquinone,
26, 25
of ethanol to acrolein, 26, 1
of hydrogen bromide to ethylacrylate,
20, 65
of hydrogen bromide to methyl acry-
late, 20, 64
of hydroxylamine to cinnamic acid,
22, 26
of a lithium aryl to an aldehyde, 23,
84
of a lithium aryl to ethylene oxide, 23,
85
of methylamine to ethyl acrylate, 20,
36 .
of methylamine to mesityl oxide, 25,
28
of mcthylamine to methyl acrylate,
20, 37
of phenylhydrazine to carbon disul-
fide, 25, 38
Addition tube, 20, 21
Adipy! chloride, 26, 58
bromination of, 26, 58
Air trap, 28, 42
Alanine, 28, 15
ALANINE, $-(3,4-DIHYDROXYPHENYL)-N-
METHYL-, 22, 89, 91
dI-ALANINE, a-PHENYL-, 24, 9
Alcoholic hydrochloric acid, 22, 77, 83; 2
standardization, 22, 80
Alcoholysis, 20, 67
of dibromoethyl acetate, 28, 8
of esters, 26, 19
of polylactic acid, 26, 4

SUBJECT INDEX

Aldehyde synthesis, 20, 14
from acid chlorides by Rosenmund
reaction, 21, 84, 87, 88, 110
Gattermann, 23, 57
ALDEHYDOACID, 23, 76
Alkoxyanilines, 25, 10
Alkoxynitrobenzenes, 25, 10
2-Alkylaminoethanols, 26, 39
Alkylation, of alkylidenecyanoacetic
csters, 26, 46
of nitrophenols, 25, 9
of thiourea, 22, 59
Alkylchlororesorcinols, 20, 59
Alkylene bromide, 20, 24
Alkylene thioureas, 26, 35
Alkylidenecyanoacetic csters, 25, 48
Alkyl lactate, 26, 6
Alkyl pheny! sclenides, 24, 91
S-ALKYLTHIURONIUM HALIDES, 22, 60
dl-ALLOTHREONINE, 20, 104
ALLOXAN, 28, 3
DIHYDRATE, 23, 3, 6
MONOHYDRATE, 21, §
TETRAHYDRATE, 238, 3
Allyl alcohol, 26, 4
Allyl bromide, 26, 49
Allyl chloride, 24, 97
Allyl cyanide, 24, 96, 97
Allyl cther, 26, 5"
ALLYL LACTATE, 26, 4
Alumina, activated, 23, 25
regeneration of, 23, 25
Aluminum, commercially pure (2S), 21,
9
Aluminum alloy (17ST), 21, 9
ALUMINUM lert.-BUTOXIDE, 21, 8, 18, 39
Aluminum chloride, 20, 1, 29
anhydrous, 21, 25; 283, 57, 102; 24, 26
70
Aluminum ethoxide, 21, 9
Aluminum isopropoxide, 21, 9 i
AMALGAMATED ZINC, 20, 57; 28, 86
Amide, 20, 37, 62, 66; 25, 58, 71
from an acid and urea, 25, 95
preparation by ammonolysis, 20, 62
Amination, by reduction of a ketone in
the presence of ammonia, 28, 68
of bromoacetal with use of high-pres-
sure hydrogenation bomb, 24, 3
of a-bromoisocaproic acid, 21, 75
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Amination—Continued
of a-bromo-B-methylvaleric acid, 21,
62
of a-bromo-B-phenylpropionic acid,
21, 101
of 3-hydroxy-2-naphthoic acid, 22, 19
AMINOACETAL, 24, 3
Aminoacetic acid, 22, 59
Amino acid, 20, 81, 101; 22, 13, 23, 26,
59, 90, 93; 24, 9
9-AMINOACRIDINE, 22, §
basic strength of, 22, 8
9-Aminoacridine hydrochloride, fluores-
cence of, 22, 7
9-AMINOACRIDINES, SUBSTITUTED, 22, 7
m-AMINOBENZALDEHYDE STANNICHLO-
RIDE, 25, 55
p-Aminobenzoic acid, 25, 86
2-Aminobenzothiazole, 22, 18
0-AMINOBENZYL ALCOHOL, 21, 10
a-AMINOBENZYL CYANIDE, 22, 23, 25
2-Amino-1-butanol, N-alkyl derivative,
26, 39
2-AMINO-p-CYMENE, 22, 9
@-AMINODIETHYLACETIC ACID, 22, 13
4-AMINO-2,6-DIMETHYLPYRIMIDINE, 24, 6
a-AMINO-a-ETHYLBUTYRIC ACID, 22, 13
AMINOGUANIDINE BICARBONATE, 26,7, 11
Aminoguanidine sulfate, 26, 12
2-AMINOHEPTANE, 23, 70
dl-B-AMINOHYDROCINNAMIC ACID, 22, 26
a-AMINOISOVALERIC ACID, 20, 106
Aminolysis, of phenyl salicylate, 26, 92
2-AMINO-G-METHYLBENZOTHIAZOLE, 22,
16
1-Amino-2-methyl-2-propanol, N-atkyl
derivatives, 26, 39
«@-AMINO-B-METHYLVALERIC ACID, 21, 60
3-AMINO-2-NAPHTHOIC ACID, 22, 19
1-Amino-2-naphthol4-sulfonic acid, 21,
91, 94
2-AMINO-4-NITROPHENOL, 25, §
2-Amino-5-nitrotoluene, 20, 73; 22, 44
dl-a-AMINOPHENYLACETIC ACID, 22, 23
dl-a-AMINO-a-PHENYLPROPIONIC ACID,
24,9
dl-a-AMINO-S-PHENYLPROPIONIC ACID,
21, 99
dl-8-AMINO-B-PHENYLPROPIONIC ACID,
22, 26
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1-Amino-2-propanol,
tives, 26, 39
2-Amino-1-propanol,
tives, 26, 39
3-Amino-1-propanol,
tives, 26, 39
2-Aminopyridine, 26, 16
Amino sugar, 26, 36
3-AMINO-1,2 4-TRIAZOLE, 26, 11
4-AMINO-1,2,4-TRIAZOLE, 24, 12
hydrochloride, 24, 13
5(3)-Amino-1,2,4-triazole carboxyic
acid-3(5), 26, 12
Ammonia, 20, 87; 22, 19; 23, 14
alcoholic, 23, 23
chloroform solution of, 22, 6
liquid, 20, 62; 21, 70, 71; 23, 20, 68,
71; 24, 3; 26, 25
action on a copper safety disk, 23,
70
introduction into a bomb, 28, 69, 71
methanolic, 23, 72
Ammonium acctate, 25, 46
Ammonium carbonate, 20, 42; 22, 6
Ammonium chloride, 22, 13, 23; 24, 9
Ammonolysis, 20, 62
n-Amyl alcohol, 26, 83
n-Amyl cyanide, 28, 72
Amylene, 22, 82
a-Amylhexyldimethylamire, 25, 91
Analysis of iodoso and iodoxy com-
pounds, 22, 71, 72, 73, 74
ANHOYDRIDES, ACID, 26, I
Anilide from an ester, 25, 7
Aniline, 21, 4; 25, 7; 26, 41
ANILINE, p,p’-SULFONYLBIS-, 22, 31
o-Anisidine, 25, 24
p-Anisidine, 25, 78
P-ANISIDINE, 2-NITRO-, 26, 78
Anisoyl chloride, 28, 66
ANISOYL PEROXIDE, 23, 66
Anthracene, 20, 11
9-ANTHRALDEHYDE, 20, 11
Anthranilic acid, 21, 10
ANTHRAQUINONE, 2,3-DIMETHYL-, 22, 37
Antioxidant, 20, 65
Apparatus, adapter for steam distilla-
tions, 22, 10, 11
automatic water trap for azeotropic
distillation, 23, 38; 285, 42, 46

N-alkyl deriva-
N-alkyl deriva-

N-alkyl deriva-
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Apparatus—Continued
bain-marie ware, 26, 72, 97
Claisen flask modified with column,
22, 11
continuous extractor, 23, 49
enameled steel pots, 26, 72, 97
for absorption of gases, 23, 48
for adding a solid without exposure to
air, 23, 59, 102
for catalytic dehydration, 22, 40
for chlorination under slight pressure,
25, 14, 22
for distillation of solids, 20, 20
for fractional distillation, 20, 26, 52,
96; 26, 1
for generating dry methylamine, 20, 35
for heating under pressure, 20, 85
for introduction of bromine in a cur-
rent of air, 23, 9, 75
for manipulation of liquid ammonia,
23, 21
for partial condensation during distil-
lation, 20, 26, 27
for preparation of sodamide, 20, 87
for steam distillation, 20, 2
shaking extractor, 23, 78
spray tiap, 23, 1
d-ARABINOSE, 20, 14
d-ARABINOSEDIPHENYLHYDRAZONE, 20,
15
Arsenious oxide, 26, 61
Arylarsonic acids, 26, 62
Asbestos fiber mat for Biichner funnel,
26, 57
Autoclave, 20, 82, 85, 102; 21, 72
stirring, 22, 20
use of hydrogenation bomb as, 21, 68;
22, 20
cleaning, 22, 21
Autoobxidation, 22, 81, 85
Azeotrope, of allyl alcohol, water, and
benzene, 26, 5
of methyl alcohol and methyl acry-
late, 26, 19
Azeotropic distillation, 20, 66, 106; 28,
338
Azide, formation from a hydrazine, 22,
96
AZOBENZENE, 23, 28
AzOYL CHLORIDE, 26, 87

SUBJECT INDEX

Azulene, removal from a hydrocarbon,
24, 86 .

Bain-marie ware, 26, 72, 97

Barbier-Wieland, degradation of car-
boxylic acid by method of, 24, 38,41

Barbituric acid, 21, 5

Barium carbonate, 22, 86

Barium chloride, 23, 17

Barium hydroxide, 22, 87, 91; 26, 75

Barium malonate, 23, 17

Barostat, 23, 46, 47

Bayberry wax, 20, 67

BENZALBARBITURIC ACID, 21, §

Benzaldehyde, 21, 5, 51, 108; 22, 24

determination of acid content, 25, 43

BENZALDEHYDE, m-HYDROXY~, 26, 55

BENZALDEHYDE, 0-NITRO-, 24, 75

BENZALMALONIC ESTER, 25, 42

Benzene, dry, thiophene-free, 23, 95, 97,
102, 103; 26, 2

use in azeotropic esterification, 23,

38; 24, 72; 26, 5

BENZENEARSONIC ACID, $-NITRO-, 26, 60

BENZENE, BUTYL-, 25, 11

»-BENZENEDIACETIC ACID, 2,5-DIHY~
DROXY-, 26, 24

BENZENE, 10D0-, DICHLORIDE, 22, 69

BENZENE, 10D050-, 22, 70

BENZENE, 10D0OXY-, 22, 72, 73

BENZENE, 1-METHOOXY-2-PHENOXY-, 26,
50

BENZENE, TRIAZO-, 22, 96

Benzil, 20, 48; 23, 92

BENZILMONOHYDRAZONE, 20, 47, 48

Benzohydryl benzoate, 24, 55

Benzoic acid, 21, 27; 22, 48, 49

BENZOIC ACID, 2,5-DINITRO-, 22, 44

BENZzoIC ACID, 3,5-DINITRO-, 22, 48, 49

BENZzOIC ACID, p-PHENYLAZO-, 25, 86

BENZOIC ANHVDRIDE, $,2'-DICHLORO-,
26, 1

Benzoin, 23, 86

BENZONITRILE, 2,6-DIMETHOXY-, 23, 35

Benzophenone, 23, 99

Benzophenone azine, 24, 55

Benzophenone hydrazone, 24, 54

BENZOPYRROLE, 283, 42

BENZzO(f)QUINOLIZINE, 1,2,3,5,6,7-
HEXAHYDRO-, 36, 40
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p-Benzoquinone, 26, 25
BENZOTHIAZOLE, 1-AMINO-5-METHYL-,
22, 16
BENZOTHIAZOLE, 2-AMINO-G-METHYL-,
22, 16
1,2,3-BENZOTRIAZOLE, 20, 16
BENZOYLACETANILIDE, 26, 7
BENZOYLACETIC ESTER, 23, 35
Benzoylation of acetoacetic ester by
ethyl benzoate, 23, 35
Benzoyl chloride, 24, 14
purification of, 24, 15
BENZOYL CHLORIDE, p-PHENYLAZO-, 25,
87
BENZOYL CYANIDE, 24, 14, 16
BENZOYLFORMIC ACID, 24, 16
Benzoyl-o-toluidines, conversion to in-
doles, 22, 95
Benzoylxylidines, conversion to indoles,
22, 95
Benzyl alcohol, 23, 14
Benzylamine, methylation of, 25, 91
BENZYLAMINE, o-METHYL-, 23, 68
BENZYL CARBAMATE, 23, 14
Benzyl chloride, 21, 99
BENZYL CHLOROFORMATE, 23, I3
BENZYL CHLOROMETHYI KETONE, 26, 13
Benzyl cyanide, 28, 71; 25, 25
Benzy! dodecylmethylamine, 25, 91
Berthelot tubes, 26, 66 .
Bisulfite compound, use for purification
of an aldehyde, 23, 78
use for purification of alkylidenecy-
anoacetic esters, 26, 47
use for purification of a ketone, 23, 79
Blanc reaction, 20, 59; 24, 30; 25, 65
Blood, defibrinated, 21, 53
Booster pump, use of, for hydrogena-
tion, 23, 69
Boron trifluoride, 20, 6
Bromination, 20, 18, 81, 92, 101
of acetic acid, 28, 37
of 2-aminopyridine, 26, 16
of a lactone, phthalide, 28, 74
of sulfanilamide by hydrogen peroxide
and hydrobromic acid, 24, 48
Bromine, 20, 18, 23, 81, 92, 101; 21, 61,
' 03; 22, 50, 76, 82; 26, 92
dry, 20, 93, 106, 108; 21, 74, 101; 23,
9, 37, 74, 94; 24, 33; 26, 53
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BROMOACETAL, 23, 8, 45; 24, 3
BROMOACETIC ACID, 23, 37
3-Bromo-4-aminotoluene, 23, 11
m-BROMOANILINE, 23, 12; 24, 24
o-Bromoanisolc, 24, 2¢
Bromobenzene, 21, 79; 23, 83, 93, 98;
24, 42, 85, 89; 26, 11; 26, 50
#p-Bromobenzoyl chloride, 23, 66
p-BROMOBENZOYL PEROXIDE, 23, 66
v-Bromobutyronitrile, 23, 22
a-BROMOCINNAMIC ALDEHYDE, 26, 92
a-BROMOCINNAMIC ALDEHYDE ACETAL,
26, 92
0-BROMO-p-CRESOL, 23, 11
Bromocyclohexane, 26, 26
w-Bromo esters, by bromination of silver
salt, 26, 54
1-BROMO-2-ETHOXYETHANE, 23, 32
3-BroMO-4-HYDROXYTOLUENE, 23, 11
a-BROMOISOCAPROIC ACID, 21, 74
a-BROMOISOVALERIC ACID, 20, 106
Bromomesitylene, 21, 77
a-BROMO-B-METHOXY-#-BUTYRIC  ACID,
20, 101
a-BROMO-S-METHOX YPROPIONIC ACID,
20, 82
3-Bromo-4-methoxytoluene, 26, 51
o-Bromo-p-methylanisole, 23, 12
a-Bromo-B-METHYLVALERIC ACID, 21, 61
a-Bromonaphthalene, 21, 89
6-BroMO-2-NAPHTHOL, 20, 18
m-Bromophenol, 23, 12
a-BROMO-B-PHENYLPROPIONIC ACID, 21,
100
p-Bromophenylselenophenol, 24, 91
2-BROMOFHTHALIDE, 23, 74
B-Bromopropionic acid, 20, 65
y-Bromopropylphthalimide, 24, 44, 46
N-(y-Bromopropyl)-tetrahydroquino-
line, 26, 41
2-BROMOPYRIDINE, 26, 16
3-Bromosulfanilamide, 24, 51
1,3-BUTADIENE, 2,3-DIMETHYL-, 22, 39,
40
2-BUTENE-1,4-DIONE, 1,4-DIPHENYL-,
20, 29
B-BUTENOIC ACID, 24, 96
3-BUTENONITRILE, 24, 97
m-n-Butoxyaniline, 25, 10
p-n-Butoxyaniline, 25, 10
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m-n-Butoxynitrobenzene, 25, 10
0-n-BUTOXYNITROBENZENE, 25, 9
tert.-BUTYL ACETATE, 20, 21
acetic anhydride method, 24, I8
acetyl chloride method, 24, 19
7-BUTYL ACRYLATE, 26, 18
n-Butyl alcohol, 23, 43; 26, 19
tert.-Butyl alcohol, 20, 21; 21, 8, 39; 28,
42; 24, 18, 19, 20, 21
anhydrous, 23, 46
n-Butylamine, methylation of, 26, 91
n-BUTYLBENZENE, 25, 11
n-Butyl bromide, 26, 9
sec.-Butyl bromide, 21, 60
n-Butyl 8-bromopropionate, 26, 21
tert.-Butyl chloroacetate, 24, 21
n-Butyl g-chloropropionate, 26, 21
tert.-Butyl cinnamate, 24, 21
n-Butyl a,8-dibromopropionate, 26, 21
tert.-Butyl isobutyrate, 24, 20
tert.-Butyl isovalerate, 24, 21
sec.-BUTYLMALONIC ACID, 21, 61
n-Butyl nitrite, 24, 25
tert.-Butyl propionate, 24, 20
1-n-BUTYLPYRROLIDINE, 25, 14
n-Butylselenol, 24, 91
7-BUTYL $-TOLUENESULFONATE, 20, 51
3-BuTYN-2-0L, 2-METHYL-, 20, 40
Butyraldehyde, 26, 31
n-Butyric anhydride, 21, 14
Butyrylchlororesorcinol, 20, 58
o-Butyrylphenol, 20, 58
#-Butyrylphenol, 20, 58

Calcium carbonate, 22, 54

Calcium chloride, 23, 103

n-Caproic acid, 21, 13

CAPROIC ACID, a-CYANO-, ETHYL ESTER,
26, 31

n-CAPROIC ANHYDRIDE, 21, 13

Capronitrile, 26, 33

Caproylchlororesorcinol, 20, 58

o-Caproylphenol, 20, 58

p-Caproylphenol, 20, 58

Caproylresorcinol, 20, 58

w-Carbethoxypelargonyl chloride, 25, 21

5-Carbethoxyvaleryl chloride, 26, 21

CARBINOL, TRIPHENYL-, 28, 98

CARBINOL, TRIS-(4-PHENYLPHENYL)-,
23, 95, 97

SUBJECT INDEX

Caybitol, 22, 32
CARBOBENZOXYLANINE, 28, 15
CARBOBENZOXYCHLORIDE, 23, 13
CARBOBENZOXYGLYCINE, 23, 14
@-CARBOMETHOXYPELARGONYL CHLO-
RIDE, 26, 71
B-CARBOMETHOXYPROPIONYL CHLORIDE,
25, 19
Carbon bisulfide, reaction with ethylene
diamine, 26, 34
Carbon dioxide, 23, 74
solid (Dry Ice), 21, 71, 77; 22, 101
Carbon dioxide atmosphere, 22, 78, 84
91
Carbon disulfide, 21, 81; 25, 38
Carbon tetrachloride, 28, 102
Carborundum crystals, 20, 96
as column filling, 23, 39; 23, 22
CARBOSTYRIL, 4-METHYL-, 24, 68
Carboxyaldehyde, 23, 76
0-CARBOXYBENZYL CYANIDE, 22, 30
0-CARBOXYPHENYLACETONITRILE, 22,
30, 61
Caro’s acid, 22, 44, 74
CARVACRYLAMINE, 22, 9
Catalyst, alumina, 22, 40
boron trifluoride, 20, 6
copper bronze, 20, 45
copper-chromium oxide for decar-
boxylation, 22, 67
copper oxide for decarboxylation, 22,
67
hydrobromic acid, 22, 39
in ester interchange, 26, 19
palladium-barium sulfate, 21, 85, 110
piperidine benzoate, 26, 42
poison, for use in Rosenmund reduc-
tion, 21, 85, 87
pyridine, 26, 51
sodium bicarbonate, 20, 26
sulfuric acid, 22, 1
CaraLysT, RANEY NICKEL, 21, 15, 108;
22, 9, 12; 23, 68, 71, 90; 25, 10
estimation of quantity of, 21, 17
storage under alcohol, dioxane, and
methylcyclohexane, 21, 16
Cellosolve, 23, 32
Centrifuge, 22, 77, 83
Cerelose, 22, 2
Chitin, 26, 36
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Chloral hydrate, 20, 37
Chlorination, of a ketone, 28, 48; 25, 22
of secondary amines, 26, 14
of sulfanilamide by hydrogen per-
oxide and hydrochloric acid, 24, 47
Chlorine, 22, 69; 23, 48; 265, 14, 22
Chloroacetal, 24, 5
Chloroacetic acid, 23, 53
drying, 23, 54
Chloroacetone, 286, 36
Chloroacetyl chloride, 24, 21, 26
9-CHLOROACRIDINE, 22, 6, 7
N-Chloroamines, 25, 14
cyclization to N-alkylpyrrolidines, 25,
19
m-Chloroaniline, 24, 24
o-Chloroaniline, 24, 22
Chlorobenzene as a solvent, 22, 16
p-Chlorobenzoic acid, 26, 2
$-CHLOROBENZOIC ANHYDRIDE, 26, 1
p-Chlorobenzoyl chloride, 26, 2
4-Chlorobipheny], 23, 95, 97
m-Chlorobromobenzene, 24, 24
0-CHLOROBROMOBENZENE, 24, 22
~-Chlorobutyronitrile, 23, 20; 24, 36
2-CHLOROCYCLOHEXANONE, 2§, 22
Chloroform, 22, 35, 57, 63, 71
anhydrous, 22, 69

a?-CHLOROISODURENE, 2B, 65 ‘
w-CHLOROISONITROSOACETOPHENONE,
24, 25

2-CHLOROLEPIDINE, 24, 28; 26, 45
Chloromethylation, 20, 59; 24, 30; 26, 65
Chloromethyl ketones, 26, 14
1-CHLOROMETIYLNAPHTHALENE, 24, 30
bis-(Chloromethyl)-naphthalene, 24, 31
a-Chloronaphthalene, 21, 90
o-Chloronitrobenzene, 20, 45
p-Chloronitrobenzene, 23, 32
CHOLESTENONE, 21, 18
Cholesterol, 21, 18
Chromium trioxide, 21, 6; 24, 39, 76
Cinnamic acid, 20, 77; 22, 26; 24, 21
CINNAMOYL CHLORIDE, 20, 77; 24, 21
Citral, bisulfite compound, 23, 78
purification of, 23, 78
Claisen condensation, with diethyl suc-
cinate and diethyl oxalate, 26, 42
with potassium ethoxide, 26, 42
Claisen reaction, 20, 7, 32
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Claisen rearrangement, 25, 49
Claisen’s alkali, 26, 79
Clarke-Rahrs column, 24, 73
Clayton ycllow paper, 22, 20, 22
Cleavage, of a disulfide, 20, 23
of a tetrahydrofuran ring, 26, 84
of 6-trityl group in 6-trityl-8-d-glu-
cosetetraacetate, 23, 57
Clemmensen reduction, 20, 57
Clintose, 22, 2
Cocoanut oil, 20, 69
Condensation, of an acid and an amine,
20, 66
of an aldehyde and an acid, 20, 55
of an aldehyde and creatinine, 22, 90
of an aldehyde and malonic acid, 24,
92; 25, 51
of an aldehyde and malonic ester, 25,
42
of benzil with dibenzyl ketone, 28, 92
of citral and acetone, 23, 79
of an ester, 20, 26
of a ketone and an anhydride, 20, 6
of a ketone and cyanoacetic ester, 25,
46
of a ketone and an ester, 20, 7, 32
of a ketone and a hydroxy acid, 20, 62
of a nitroso compdund and an amine,
25, 86
of a sodium sulfinate and p-nitro-
chlorobenzene, 22, 31
Condenser, partial, 20, 26
Congo red, 22, 20, 63, 66, 92, 93
Copper acetate, 20, 6; 21, 46, 47
COPPER ACETYLACETONE, 20, 6
COPPER BRONZE, 20, 45
Copper chromite, 26, 83
Copper-chromium oxide, 22, 67
COPPER ETHYL DIACETYLACETATE, 21, 46
Copper helices, 20, 96
Copper oxide, 22, 67
Copper powder, 26, 50
Copper reaction vessel, 23, 102
Copper sulfate, 24, 23
Cotton, absorbent, for drying, 20, 8, 9;
26, 1
Cottonseed oil, 22, 78, 85
use of hydrogenated, as oil bath, 24
15
COUMARILIC ACID, 24, 33
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Coumarin, 24, 33
Coumarin dibromide, 24, 33
COUMARIN, 4-METHYL-, 24, 69
Coupling of two aryl residues, 20, 45
Crab shells, 26, 36
Creatinine, 22, 90
p-CrEsoL, 2-BROMO-, 23, 11
Crotonaldehyde, 24, 92
Crotonic acid, 20, 101; 24, 98; 26, 55
Cupric carbonate, basic, 24, 64
Cuprous bromide, 24, 22, 23
Cuprous cyanide, 21, 89; 24, 14, 97
Curtius reaction, 24, 94
Cyanoacetamide, 23, 60; 25, 63
Cyanohydrins, 20, 44; 22, 13, 16
w-CYANOPELARGONIC ACID, 26, 96
a-CYANO-0-TOLUIC ACID, 22, 30, 61
Cyclization, 20, 16, 26, 42, 73; 26, 29
acetoacetanilide to 4-methylcarbosty-
ril, 24, 68
acet-o-toluidide to 2-methylindole, 22,
94
arylthiourea to aminobenzothiazole,
22, 17
N-chloroamines to N-alkylpyrroli-
dines, 25, 19
y-chlorobutyronitrile to cyclopropyl
cyanide, 24, 36
a-diketone and ketone to a cyclopen-
tadienone, 23, 92
ethyl phenylacetylmalonate, 25, 74
indole synthesis, 23, 42
ketone phenylhydrazone to indole, 22,
98
malonic ester synthesis of cyclobutane
acids, 23, 16
phenylanthranilic acid to chloroacri-
dine, 22, 5
tartaric acid dinitrate to imidazole-
4,5-dicarboxylic acid, 22, 66
CYCLOBUTANECARBOXYLIC ACID, 23, 18
1,1-CYCLOBUTANEDICARBOXYLIC ACID,
23, 16
CYCLOHEXANEACETONITRILE, @-PHENYL,
25, 25
Cyclohexanone, 20, 42; 25, 22
Cyclohexene, 20, 28
Cyclohexyl bromide, 25, 26 .
a-CYCLOHEXYLPHENYLACETONITRILE,
28, 25

SUBJECT INDEX

CYCLOPENTADIENONE, TETRAPHENYL,
23, 92
CYCLOPROPANE, CYANO-, 23, 20; 24, 36
CYCLOPROPANECARBOXYLIC ACID, 24, 36
CYCLOPROPYL CYANIDE, 23, 20; 24, 36
p-Cymene, 21, 96
CYSTEIC ACID MONOHYDRATE, 20, 23
Cystine, 20, 23
DDT, 26, 22
Deacetylation, 22, 34
Debromination, of hexabromostearic
acid, 22, 83
of tetrabromostearic acid, 22, 77, 81
DECAMETHYLENE BROMIDE, 20, 24
Decamethylene glycol, 20, 25
Di.cang, 1, 10-pIBROMO-, 20, 24
Decarboxylation, 23, 18
of 1,3-dihydroxy-2-naphthoic acid, 265,
75
of imidazole-4,5-dicarbozxylic acid, 22,
67
of an oximino acid to an oxime, 22, 27
Decomposition, diazonium salt to phe-
nol, 23, 11; 36, 56
n-DECYL $-BROMOBENZENESULFONATE
20, 51
n-Decyl merc%.ptan. 21, 38
Degradation, 20, 14
Dehydration, 20, 48, 74
catalytic, 22, 39, 40
of an amide, 25, 61, 63, 69, 95
of 3,12-dihydroxy-nor-cholunyldi-
phenylcarbinol, 24, 41
DEHYDROACETIC ACID, 20, 26; 21, 66
Dehydrogenation, by air and alkali, 22,
37
by bromine, 23, 94
by sulfur, 24, 85
Dehydrohalogenation, 26, 1
Demethylation of a phenolic ether by
» hydriodic acid, 22, 91
Desiccator, vacuum, ‘“dumb-bell” type,
283, 105 .
Desoxycholic acid, 24, 41, 42
bisnor-Desoxycholic acid, 24, 40
#nor-DESOXYCHOLIC ACID, 24, 38
Desulfonamidation, of 3,5-dichlorosulf-
anilamide, 24, 48
of 3,5-dibromosulfanilamide, 24, 49
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Diacetalylamine, 24, 5
3,12-Diacetoxy-nor-cholanic acid, 24, 39
3,12-D1ACETOXY-bisnor-CHOLANYLDI-
PHENYLETHYLENE, 24, 38, 41
4,4’-Diacetylaminodiphenylsulfone, 22,
34
DIACETYLMETHANE, 20, 6
Diamines with carbon disulfide, 26, 35
DIAMINOBIURET, 24, 58
4,4’-DIAMINODIPHENYLSULFONE, 23, 31
1,2-D1AMINO-4-NITROBENZENE, 21, 20
o-Dianisidine, 21, 31
Diazoketone, 26, 14
1,3-D1azoLE, 22, 65
Diazomethane, 26, 13
D1azoMETHANE from N-nitroso-8-ami-
noisobutyl methyl ketone, 25, 28
drying of, 25, 31
Diazonium salt, reduction of, 21, 30
Diazotization, 20, 16, 73; 21, 31, 32, 34;
23, 11; 24, 22; 26, 56
trans-IIBENZOYLETHYLENE, 20, 29
DIBENZOYLMETHANE, 20, 32
Dibenzyl ketone, 23, 92
a,a’-Dibromoadipic acid, debromination
of, 26, 58
esterification of, 26, 58
2,6-DIBROMOANILINE, 24, 47
m-Dibromobenzene, 24, 24 N
1,10-DIBROMODECANE, 20, 24
a,3-Dibromoglutaric acid, 26, 44
1,5-DIBROMOPENTANE, 23, 67
3,5-DIBROMOSULFANILAMIDE, 24, 48
Di-n-butylamine, 24, 44; 25, 14
Di-n-butylamine hydrobromide, 24, 45
Di-n-butylaminoethanol, 23, 24
B-D1-n-BUTYLAMINOETHYLAMINE, 23, 23
Di-n-butylaminoethyl bromide hydro-
bromide, 23, 23
~-DI1-#-BUTYLAMINOPROPYLAMINE, 24, 44
v-Di-n-butylaminopropylamine diby-
drochloride, 24, 45
Di-B8-CARBETHOXYETHYLMETHYLAMINE,
20, 35
Di-3-CARBOMETHOXYETHYLMETHYL-
AMINE, 20, 37
a,a-DICHLOROACETAMIDE, 20, 37
w,w-DICHLOROACETOPHENONE, 23, 48
2,6-DICHLOROANILINE, 24, 47
o-Dichlorobenzene, 20, 11
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D1-(p-CHLOROPHENYL)-ACETIC ACID, 26
21
1,1-Di-(p-chlorophenyl)-2,2-dichloro-
ethylene, 26, 22
1,1-Di-(p-chlorophenyl)-ethylene, 26, 23
Di-(p-chlorophenyl)-methane, 26, 23
1,1-Di-(p-chlorophenyl)-2,2,2-trichloro-
ethane, 26, 21
3,5-Dichlorosulfanilamide, 24, 47
a,a’-Dicyano-2,5-dihydroxy-p-benzene-
diacetate, 26, 25
a,a’-DICYANO-3-METHYLGLUTARAMIDE,
23, 60
Dicls-Alder reaction, 22, 37; 28, 93
Diene synthesis, 22, 37, 40; 28, 93
Diethylamine hydrochloride, 28, 31
DIETHYLAMINOLTHYLAMINE, 23, 24
B-DI1ETHYLAMINOPROPIOPHENONE HY-
DROCHLORIDE, 23, 31
v-Diethylaminopropylamine, 24, 46
DIETHYL BENZYLMALONATE, 21, 99
DIETHYL sec.-BUTYLMALONATE, 21, 60
Diethyl a,6-dibromoadipate, 26, 57
Diethylene glycol, 26, 21
Diethyl ketonce, 22, 13; 26, 47
Diethyl malonate, 21, 60, 99; 25, 42
Dicthyl terephthalate, 26, 96
1,4-D1YyDRO-2,3-DINETHYLANTIIRA-
QUINONE, 22, 37
3,4-Dihydro-2-naphthoic acid, 26, 30
2,3-DINYDROPYRANE, 23, 25
2,6-DIHYDROXYACETOPHENONE, 21, 22
2,5-DIHYDROXY-p-BENZENEDIACETIC
ACID, 26, 24
3,5-D1HYDROXYBENZOIC ACID, 21, 27
1,3-DIHYDROXY-2-NAPHTHOIC ACID, 25,
74
Di-(y-hydroxypropyl)-aniline, 26, 41
DIKETENE, 21, 64
8,10-Diketojulolidine, 26, 41
a-Diketone synthesis, 28, 1
1,3-Diketone, 20, 6, 32
2,6-DIMETHOXYBENZONITRILE, 22, 35
3,3'-DIMETHOXYBIPHENYL, 21, 30
6,7-DIMETHOXY-3,4-DIHYDRO-2-NAPH-
THOIC ACID, 26, 28
5,8-Dimethoxylepidine, 26, 47
6,7-Dimethoxy-2-naphthoic acid, 26, 30
B-(3,4-DIMETHOXYPHENYL)-ETHYL-
AMINE, 28, 72
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B,8-DIMETHYLACRYLIC ACID, 23, 27
Dimethylamine, 21, 84
Dimethylamine hydrochloride, 28, 30
B-DIMETHYLAMINOPROPIOPHENONE HY-
DROCHLORIDE, 23, 30
Dimethylaniline, 24, 19, 20, 21
2,3-DIMETHYLANTHRAQUINONE, 22, 37
3,3’-DIMETHYLBIPHENYL, 21, 30
2,3-DIMETHYLBUTADIENE-1,3, 22, 37, 39,
40
2,4-DIMETHEYL-3-ETHYLPYRROLE, 21, 67
DIMETHYLETHYNYLCARBINOL, 20, 40;
22, 101
5,5-DIMETEYLHYDANTOIN, 20, 42
5,8-Dimethyllepidine, 26, 47
6,8-Dimethyllepidine, 26, 47
2,5-DIMETHYLMANDELIC ACID, 26, 33
N,N-DIMETHYLPHENYLETHYLAMINE,
25, 89
1,2-Dimethylpyrrolidine, 28, 19
2,4-DIMETHYLTHIAZOLE, 25, 35
sym.-Dimethylthiourea, 21, 84
Di-1-naphthylmethane, 24, 31
2,4-Dinitroaniline, 21, 21
m-Dinitrobenzene, 22, 35
2,5-DINITROBENZOIC ACID, 22, 44
3,4-DINITROBENZOIC ACID, 23, 47
3,5-DINITROBENZOIC ACID, 22, 48, 49
2,2'-DINTTROBIPHENYL, 20, 45
2,4-Dinitrophenol, 25, §
2,5-Dinitrotoluene, 22, 46
Dioxane, 20, 72; 22, 36, 83; 28, 27
use of, in hydrogenations with Raney
nickel, 21, 16
Diphenylacetyl chloride, 26, 14
DIPHENYLACETYLENE, 23, 50
1,4-D1pHENYL-1-BUTENE-1 4-DIONE, 20,
29
DIPHENYLDIAZOMETHANE, 24, 53
assay of, 24, 55
Di(a-phenylethyl)-amine, 28, 70
Di-(8-phenylethyl)-amine, 23, 72
1,2-Diphenylethylene, 22, 50
Diphenylhydrazine, 20, 15
Diphenylhydrazine hydrochloride, 20,
15
DIPHENYLIODONIUM IODATE, 22, 52
DIPHENYLIODONIUM IODIDE, 22, 52, 71
Diphenyliodonium salts, 22, 71
DIPHENYLKETENE, 20, 47

SUBJECT INDEX

1,3-D1pEENYL-1,3-PROPANEDIONE, 20,
32
Diphenyl selenide, 24, 91
DIPHENYLTHIOCARBAZIDE, 25, 38
DIPHENYLTHIOCARBAZONE, 26, 38
Di-n-PROPYLAMINOETHYLAMINE, 23, 24
y-Di-n-propylaminopropylamine, 24, 46
Disproportionation, of diphenylthio-
carbazide, 25, 38
of an iodoso and an iodoxy compound,
22, 52
of iodosobenzene by steam distilla-
tion, 22, 72
DiITHIZONE, 26, 38
sym.-Diundecyl urea, 24, 95
Dodecanol, 20, 50
n-Dodecyl alcohol, 20, 50
n-Dodecyl bromide, 21, 36
#-DODECYL »-BROMOBENZENESULFO-
NATE, 20, 51
#n-DODECYL MERCAPTAN, 21, 36
S-Dodecylthiuronium bromide, 21, 37
#-DODECYL #-TOLUENESULFONATE, 20,
50
Dry Ice, 20, 37, 41; 21, 64; 22, 101; 24,
3; 25, 25
cooling medium for condenser, 23, 20
use of, forsinternal cooling during ni-
tration, 21, 96
Drying, use of absorbent cotton, 20, 8,9;
25, 1
“Dumb-bell” vacuum desiccator, 23,
105
Durylacetonitrile, 25, 67
DvypNoONE, 21, 39

Elimination, of hydrogen bromide from
a dibromide, 22, 50; 26, 92
with rearrangement, 24, 33
of hydrogen bromide from a vinyl
halide, 26, 93
Emulsin, 22, 53
ENANTHIC ANHYDRIDE, 26, 1
Enzymatic synthesis, 22, 53
1,5-EPOXYPENTANE, 23, 67, 90
1,5-EPOXYPENTENE-1, 23, 25
Esterification, 20, 4, 21, 24, 50, 77; 24,
18, 19, 20, 21; 25, 72
by azeotropic distillation with ben-
zene, 22, 38
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Esterification—Continued
by nitric acid, 22, 65
of desoxycholic acid, 24, 41
of lactic acid, 26, 4
of linoleic acid, 22, 77
of linolenic acid, 22, 83
of pyruvic acid with use of methyl
ester column, 24, 72
Ester interchange, 26, 5, 19
between polylactic acid and allyl
alcohol, 26, 5
ETHANE, 1-BROMO-2-ETHOXY-, 23, 32
Ethanolamine, 26, 38
ETHANOL, 2-ISOPROPYLAMINO-, 26, 38
Ether, anhydrous, 22, 57
ETHER, BUTYL 0-NITROPHENYL, 25, 9
B-Ethoxyethyl alcohol, 28, 32
B-ETHOXYETHYL BROMIDE, 28, 32, 33
B-ETHOXYETHYL CYANIDE, 23, 33
Ethoxymagnesiomalonic ester, 25, 73
2-ETHOXY-1-NAPRTHALDEHYDE, 20, 11
B-ETHOXYPROPIONALDEHYDE ACETAL,
26, 1
B-ETHOXYPROPIONITRILE, 23, 33
Ethyl acetate, 20, 8; 23, 9
dry, 20, 10
Ethyl acetoacetate, 20, 26; 21, 23, 46,
67; 23, 35; 24, 69
Ethyl acrylate, 20, 36 .
Ethyl alcohol, anhydrous, 22, 59; 23, 9,
16, 24; 25, 45, 76
Ethyl alkylidenecyanoacetates, 25, 48
Ethyl-n-amylamine, 26, 19
ETHYL BENZALMALONATE, 25, 42
Ethyl benzoate, 20, 32; 23, 35, 98
ETHYL BENZOYLACETATE, 28, 35; 26, 7
Ethyl bromide, 22, 59
as solvent, 28, 67
ETHYL BROMOACETATE, 21, 51; 28, 37
Ethyl a-bromoglutaconate, 26, 44
Ethyl a-bromoisobutyrate, 21, 53
ETHYL S-BROMOPROPIONATE, 20, 65
Ethy!-n-butylamine, 25, 19
ETHYL n-BUTYLCYANOACETATE, 26, 31
ETHYL CAPRYLATE, 20, 69
Ethyl carbonate, 23, 95, 97; 26, 33
Ethyl chloroacetate, 24, 82
Ethyl chlorocarbonate, 21, 81; 24, 60
Ethyl chlorocinnamate, 24, 83
2-ETHYLCHROMONE, 21, 42
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Ethyl crotonate, 26, 5¢
Ethyl cyanoacetate, 25, 46; 26, 25, 31
ETHYL DIACETYACETATE, 21, 46
copper derivative, 21, 46
Ethyl (dialkylvinyl)-alkylcyanoace-
tates, 26, 46
ETHYL DIAZOACETATE, 24, 56
ETRYL 1,3-DIHYDROXY-2-NAPHTHOATE,
26, 74
ETHYL 2,5-DIMETHYLPHENYLHYDROXY~
MALONATE, 25, 33
ETHYL a,a-DIMETHYL-8-PHENYL-3-HY-
DROXYPROPIONATE, 21, 53
Ethylene chloride, 20, 28; 22, 76; 25,
63
Ethylenediamine, 26, 34
reaction with carbon bisulfide, 26, 34
ETHYLENEDIAMINE, N,N-pIBUTYL-, 28,
23
Ethylene oxide, 28, 85; 26, 39
ETHYLENE THIOUREA, 26, 34
Ethyl ethylcyanoacetate, 26, 33
ErnyL (1-ETHYLPROPENYL)-METHYL-
CYANOACETATE, 26, 44
EravL (1-ETHYL PROPYLIDENE)-CYANO-
ACETATE, 25, 46
Ethyl formate, 24, 12; 26, 29
ErnyrL 1,16-HEXADECANEDICARBOXYL-
ATE, 21, 48
ETHYL HYDRAZINECARBOXYLATE, 24, 58
Ethyl hydrogen adipate, 25, 21
Ethyl hydrogen sebacate, 21, 48; 285, 21
electrolysis of, 21, 48
Ethyl isothiocyanate, 21, 82
Ethyl lactate, 21, 71
ETHYL LAURATE, 20, 69
ETHYL LINOLEATE, 23, 77
ETHYL LINOLENATE, 22, 83
Ethyl malonate, 23, 16
Ethyl mercaptan, 22, 59
Ethyl N-methyl-8-aminopropionate, 20,
37
1-Ethyl-2-methylpyrrolidine, 25, 19
ETHYL MYRISTATE, 20, 69
Ethyl orthoformate, 25, 93
Ethyl oxalate, 26, 42
ETHYL OXALYLSUCCINATE, 26, 42
Ethyl oxomalonate, 285, 33
ETHYL PENTANE-1,1,5,5-TETRACARBOX-
YLATE, 28, 18
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Ethyl phenylacetylmalonate, 26, 73
ETHYL B-PHENYL-8-HYDROXYPROPIO-
NATE, 21, 51

Ethyl propionate, 21, 43

Ethyl propylcyanoacetate, 26, 33

1-Ethylpyrrolidine, 26, 19

Ethyl succinate, 26, 42

Ethyl thiourea, 21, 84

S-ETHYLTHIURONIUM BROMIDE, 22, 59

ETHYL N-TRICARBOXYLATE, 24, 60

Ethyl y-veratrylbutyrate, 26, 29

Ethynylcarbinols, 22, 101

1-ETHYNYLCYCLOHEXANOL-1, 20, 41

Extraction, continuous, 20, 99; 23, 49
hot, 20, 30

Extractor, continuous, 23, 49
shaking, 22, 78

o-EUuGENoOL, 26, 49

Fatty acids, from natural oils, 23, 75, 76,
79, 82
linseed, distilled, 22, 84
saturated, separation from unsatu-
rated, 22, 76
unsaturated, 22, 75, 82
hexabromide test for, 22, 78
Fermentation, 22, 53
Ferric nitrate, 23, 20; 25, 25
Fieset’s solution, 21, 110
Filter fabric, Pyrex glass, 22, 33, 65
Vinyon, 22, 33, 67
Filter paper, hardened, 22, 45
“Shark skin,” 25, 97
Fischer indole synthesis, 22, 98
Flash distillation, 21, 85
Flask, modified Claisen, 22, 11
Fluorescence of 9-aminoacridine hydro-
chloride, 22, 7
Formaldehyde, 20, 60; 24, 64
Formalin, 22, 66; 26, 65, 89
Formanilide, 26, 41
Formhydrazide, 24, 13
Formic acid, 20, 66, 102; 23, 43; 25, 89;
26, 7, 11
FORMIC ACID, CHLORO-, BENZYL ESTER,
23, 13
o-Formotoluide, 28, 43
Formylaminoguanidine sulfate, 26, 11
Formylation by Claisen condensation,
26, 28

SUBJECT INDEX

FOrRMYL-d/-METHYLTHREONINE, 20, 103,
104
Fractionating column, Fenske type, 25
2
packed, 20, 96
Whitmore-Lux type, 21, 14, 66; 24, 16
Friedel-Crafts reactions, 20, 1, 29; 23,
102; 24, 26
Fries rearrangement, 21, 25
Froth dissipation, 20, 3
Fructose, 24, 64, 66
FUMARYL CHUORIDE, 20, 29, 51
FURAN, 2-(BROMOMETHYL) TETRAHY-
DRO-, 23, 88
2-FURANACRYLIC ACID, 20, 55; 25, 51
Furfural, 20, 55; 23, 70; 26, 51
FURFURYLAMINE, 23, 70
Furnace, construction of, 22, 40
hot tube, 23, 25
FURYLACRYLIC ACID, 20, 55; 28, 51
Fusion, alkaline, of an aryl sulfeonate,
21, 29
Fusion pot, 20, 86

Gas trap, 20, 1, 12, 29, 60, 77, 92, 106;
23, 48
Gatterman.n reaction, aldehyde syn-
thesis, 23, 57
B-GENTIOBIOSE OCTAACETATE, 22, 53
Glass helices, 20, 96
d-GLUCOSAMINE HYDROCHLORIDE, 26, 36
Glucose, 20, 75; 22, 1, 53
anhydrous, 20, 97
GLUCOSE OXIME, 20, 75
GLUCOSE PENTAACETATE, 22, 1
B-d-GLUCOSE-1,2,3,4-TETRAACETATE, 23,
56
B-d-GLUCOSE-2,3,4,6-TETRAACETATE, 25,
53
GLUTARIC ACID, B-METHYL-, 23, 60
a-o0xo-, 26, 42
» Glycerol, 22, 75, 82
GLYCIDIC ACID, (-METHYL-3-PHENYL-
ETHYL ESTER, 34, 82 '
Glycine, 22, 59; 28, 14
ethyl ester hydrochloride, 24, 56
GLYCOCYAMINE, 22, 59
Glycolic acid, 24, 63
Glycoside, hydrolysis of, 22, 86

Glyozxal, 24, 63
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GLYOXAL BISULFITE, 24, 61
GLYOXALINE, 22, 65
GLYOXYLIC ACID, PHENYL-, 24, 16
Grignard reaction, p-bromophenylsele-
nophenol, 24, 91
n-butylselenol, 24, 91
3,12-dihydroxy-nor-cholanyldiphenyl-
carbinol, 24, 41
1-hydroxy-1-phenyl-1,2,3,4-tetrahy-
dronaphthalene, 24, 85
selenocresols, 24, 91
selenophenol, 24, 89
thiophenols, 24, 91
Guaiacol, 26, 50
GUAIACOL ALLYL ETHER, 25, 49
GUANIDINE, AMINO-, BICARBONATE, 26, 7
GUANIDOACETIC ACID, 22, 59

Haloform reaction, 23, 27
Helices, 20, 96
HEewMmin, 21, 53
Hempseed oil, 22, 85
Heptabromostearic acid, 22, 83, 85
Heptaldehyde, 23, 70
Heptane, 20, 41
Heptanoylchlororesorcinol, 20, 58
0-HEPTANOYLPHENOL, 20, 57, 58
p-HEPTANOYLPHENOL, 20, 58
Heptoic acid, 26, 2 M
HEPTOIC ANHYDRIDE, 26, 1
Heptoy! chloride, 26, 2
n-HEPTYLAMINE, 23, 70
n-Heptyl mercaptan, 21, 38
0-n-HEPTYLPHENOL, 20, 57
Hershberg stirrer, 20, '8; 22, 74; 23, 33
HEXABROMOSTEARIC ACID, 22, 82
n-HEXADECYL $-BROMOBENZENESUL-
FONATE, 20, §1
7-HEXADECYL p-TOLUENESULFONATE,
20, 51
HEXAHYDROPSEUDOIONOL, 23, 81
HEXAMETHYLENE BROMIDE, 20, 25
HEXAMETHYLENETETRAMINE, 22, 66
p-n-Hexoxyaniline, 25, 10
o-n-Hexoxynitrobenzene, 25, 10
p-n-Hexoxynitrobenzene, 26, 10
n-HEXYLAMINE, 23, 72
Hinsberg separation, 26, 16
HOMOPHTHALIC ACID, 22, 61
HYDRATROPALDEHYDE, 24, 87
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Hydrazine, anhydrous, 24, 53
reaction of sulfate with methyliso-
thiourea sulfate, 26, 9
Hydrazine hydrate, 20, 48; 21, 68, 70;
24, 12, 53, 58
Hydrazine sulfate, 21, 70; 26, 10
Hydriodic acid, 22, 91
Hydrobromicacid, 20, 82, 102, 103;22, 39
489, 23, 67; 24, 22
recovery as constant-boiling acid, 23,
68
Hydrochloric acid, 28, 86
Hydrocinnamoy! chloride, 26, 14
Hydrocyanic acid, 28, 25
Hydrogen, electrolytic, 21, 85, 111
Hydrogenation, apparatus for high-
pressure, 21, 108
dangers and precautions, 23, 10; 26, 84
of nitro compounds, 22, 10; 25, 10
over palladium, 26, 32, 45
over platinum, 26, 38
Hydrogenation bomb, use of, as auto-
clave, 24, 3, 54
Hydrogen bromide, 20, 25, 64; 22, 2, 57
bromine-free, 20, 65; 22, 3
Hydrogen chloride, 20, 60, 79; 23, 57, 63;
24, 25
generator, 23, 58
Hydrogen cyanide, addition to ethyl
crotonate, 26, 54
Hydrogenolysis, of 2-chlorolepidine, 26,
45
of tetrahydrofurfuryl alcohol to 1,5-
pentandiol, 26, 83
of various chlorolepidines, 26, 47
Hydrogen peroxide, 20, 70; 23, 66; 24,
47, 48, 49, 50; 26, 90
Hydrogen sulfide, 20, 15; 21, 21; 22’, 14;
23, 7; 24, 65, 85
Hydrolysis, 20, 82, 92, 98; 26, 33, 74
and decarboxylation of a 8-keto ester,
26, 43
of an acetal, 26, 93
of an acetylamino compound, 22, 32;
25, 79
of an amide to an acid, 23, 14; 23, 61
of chitin, 26, 36
of a creatinine derivative to an amino
acid, 22, 91
of a glucosidic bromide, 25, 53
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Hydrolysis—Continued .
of an isonitroso ketone to an a-dike-
tone, 23, 1
of a methylglycoside, 22, 86
of a nitrile to an acid, 22, 23, 61; 24,
16, 36, 96; 25, 66; 26, 55
of a nitrile to an amide, 22, 13
of a substituted cyanomalonic ester,
26, 25
Hydroquinone, 20, 64
as an inhibitor, 22, 39, 41
o-Hydroxyacetophenone, 21, 43, 45
m-HYDROXYBENZALDEHYDE, 25, 55
Hydroxylamine, 20, 74
Hydroxylamine hydrochloride, 20, 74;
22, 26
B-Hydroxylaminocinnamic acid, 22, 26
2-Hydroxy-3-methoxybenzaldehyde,
oxidation with hydrogen peroxide,
26, 90
4(5)-HYDROXYMETHYLIMIDAZOLE MY-
DROCHLORIDE, 24, 64
Hydroxymethylimidazole picrate, 24, 64
2-HYDROXY-1-NAPHTHALDEHYDE, 23, 63
3-Hydroxy-2-naphthoic acid, 22, 19
2-HyDROXY-1,4-NAPHTHOQUINONE, 21,
56
2-HYDROXY-5-NITROBENZYL CHLORIDE,
20, 59
a-Hydroxyphenazine, methylation to
quaternary salt, 26, 87
2-(8-HYDROXYPROPYL)-PYRIDINE, 23, 83
2-(y-HYDROXYPROPYL)-PYRIDINE, 23, 85
N-(y-Hydroxypropyl)-tetrahydroquin-
oline, 26, 41
Hypophosphorous acid, 21, 30

IMIDAZOLE, 22, 65

IMIDAZOLE-4,5-DICARBOXYLIC. ACID, 22,
66

4-IMIDAZOLEMETHANOL HYDROCHLO-
RIDE, 24, 64

2-IMIDAZOLIDINETHIONE, 26, 34

INDAZOLE, 20, 74

INDOLE, 23, 42

INDOLE, 2-METHYL, 23, 94

INDOLE, 2-PHENYL, 22, 98

Inhibitor, 20, 36, 48, 65; 22, 39, 41

Iodine value, 22, 79, 84

Iodobenzene, 22, 69, 71, 72, 73

SUBJECT INDEX

' IODOBENZENE DICHLORIDE, 22, 69, 70, 73

p-Iodobenzyl alcohol, 24, 81
p-Todobenzyl bromide, 24, 81
IODONIUM COMPOUND, 23, 52
Todoso and iodoxy compounds, differen-
tiation, 22, 71
IODOSOBENZENE, 22, 52, 70, 72
JODOTOLUENE DICHLORIDES, 0-, -, p-,
22,70
IoDOXYBENZENE, 22, 52, 72, 73
Iron powder as reducing agent, 22, 12
Irradiation, 20, 81, 92, 101
Isobutyl alcohol, 23, 43
IsOBUTYRAMIDE, 25, 58
ISOBUTYRONITRILE, 2B, 61
IsOBUTYRYL CHLORIDE, 24, 20; 25, 58
Isocaproic acid, 21, 74
ISOCAPROIC ACID, a-AMINO, 21, 74
Isodurylacetonitrile, 25, 67
B-ISODURYLALDENYDE, 21, 110,283, 57,59
B-ISODURYLYL CHLORIDE, 21, 77
dI-ISOLEUCINE, 21, 60
Isonitrosopropiophenone, 23, 1
p-Isopropoxyaniline, 25, 10
p-Isopropoxynitrobenzene, 25, 10
Tsopropyl alcohol, 24, 26
Isopropylamine, 26, 39
2-ISOPROPYLAMINOETHANOL, 26, 38
TIsopropy! ether, recrystallization from,
22, 2
removal of peroxides from, 22, 3
Isopropyl nitrite, 24, 26
Isovaleric acid, dry, 20, 106
Isovaleric acid monohydrate, 20, 106
Isovaleryl chloride, 24, 21

JuLOLIDINE, 26, 40

Kerosene, purified, 24, 7

Ketene, 21, 13, 64

KETENE, DIETHYL KETAL, 23, 45

KETENE DIETHYLACETAL, 23, 45

KETENE DIMER, 21, 4, 64

“Ketene lamp,” 21, 65

Keto acid, 20, 2

a-KETOGLUTARIC ACID, 26, 42

Knoevenagel condensation, 28, 60; 24,
92; 25, 42, 51

Kolbe synthesis of an alkyl a,w-dicar-
boxylate, 21, 48

KRYPTOPYRROLE, 21, 67
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LacTAMIDE, 21, 71
LACTIC ACID, ALLYL ESTER, 26, 4, 5
Lactic acid, alkyl esters, 26, 6
esterification of, 26, 4
methyl ester, 26, 6
polymer of, 26, 5
Laurel wax, 20, 68
Lauroyl chloride, 24, 94
Laury! alcohol, 20, 50
LAURYL MERCAPTAN, 21, 36
S-LAURYLTHIURONIUM BROMIDE, 21, 37
LAURYL p-TOLUENESULFONATE, 20, 50
Lead acetate, 24, 62
Lead dioxide, 21, 1
Lead hydroxide, 22, 15
Lead tetraacetate, 21, 1, 3
LEPIDINE, 26, 45
various methods of preparation, 26, 48
LEPIDINE, 2-CHLORO-, 24, 28; 26, 45
dl-LEUCINE, 21, 74
LINOLEIC ACID, 22, 75
TETRABROMIDE, 22, 76
LINOLENIC ACID, 22, 82
HEXABROMIDE, 22, 82, 85
LiNoLic Acip, 22, 75
Linseed oil, 22, 82, 84, 85
Lithium, 23, 83
cutting, 23, 84
sand, 23, 84 )
Magnesium, 21, 46, 77, 79; 24, 41, 85,
920 .
in malonic ester synthesis, 25, 73
Magnesium powder, 20, 21
Maleic anhydride, 20, 51; 23, 93
Malonic acid, 24, 92
drying of, 26, 52 .
substituted, 21, 61
bromination of, 21, 61, 100
decarboxylation of, 21, 61, 101; 25,
33, 51
MALONIC ACID, BENZAL-, DIETHYL
ESTER, 25, 42
MALONONITRILE, 25, 63
MANDELAMIDE, 20, 62
MANDELIC ACID, 20, 62; 23, 48
MANDELIC ACID, 2,5-DIMETHYL-, 26, 33
Mannich reaction, 28, 30
d-MANNOSE, 22, 86
Manometer, 25, 15, 22
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l-Menthol, 23, 52

I-MENTHOXYACETIC ACID, 23, 52, 55

I-MENTHOXYACETYL CHLORIDE, 23, §5

Mercuric acetate, 20, 81, 101

Mercuric chloride, 20, 57; 21, 8; 23, 86

Mercuric oxide, 20, 47, 103

yellow, 24, 54

Mercury, 22, 91, 92

Mercury valve, 26, 15, 22

MESITALDEHYDE, 21, 110; 23, 57, 59

MEesrToIC ACID, 21, 78

MESITOYL CHLORIDE, 21, 77, 110

MESITYLACETIC ACID, 25, 65

MESITYLACETONITRILE, 25, 66

Mesitylene, 23, 57; 26, 65

Metalation of a-picoline by phenyl
lithium, 28, 84

Metal bath, 20, 48

adhering to glass, prevention of, 22, 95

Metal reaction vessel, 23, 102

B-Methallyl lactate, 26, 6

METHANE, CHLOROTRIPHENYL-, 28, 100,
102

METHANE, DIAZO-, 25, 28

METIANE, DIAZODIPHENYL-, 24, 53

Methoxyacetonitrile, 21, 79

w-METHOXYACETOPHENONE, 21, 79

3-Methoxy-1,2-bemzoquinone, condensa-
tion with o-phenylenediamine, 26,
87

7-Methoxy-3,4-dihydro-2-naphthoic
acid, 26, 30

2-METHOXYDIPHENYL ETHER, 26, 50

5-(3-METHOXY-4-HYDROXYBENZAL)-
CREATININE, 22, 90, 93

5-(3-METHOXY-4-HYDROXYBENZYL)-
CREATININE, 22, 90

6-Methoxylepidine, 26, 48

6-Methoxylepidine monchydrate, 26, 47

2-Methoxy-4’-methyldiphenyl ether, 26,
51

2-Methoxy-5-methyldipheny! ether, 26,
51

2-METHOXY-1,4-NAPHTHOQUINONE, 21,
57

a-METBOXYPHENAZINE, 26, 86 .

a-Methoxyphenazine, demethylation of,
26, 87

METHYL $-(1-ACENAPHTHOYL)-PROPIO-
NATE, 20, 4
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Methy! acetoacetate, 24, 70
p-Methylacetophenone, oxidation of,
26, 95
4-METHYL-7-ACETOXYCOUMARIN, 21, 24
Methyl acrylate, 20, 64, 81; 26, 19
METHYLAL, 20, 60
Methylamine, 20, 36
anhydrous, 20, 35
30% aqueous solution, 25, 28
35%, aqueous solution, 21, 81
generator, 20, 35
hydrochloride, 21, 82
N-Methylaminoaromatic acids, 22, 93
Methyl-n-amylamine, 26, 19
Methyl amyl ketone, 23, 70
Methylaniline, 20, 11, 66; 26, 41
Methylation, 20, 97; 26, 44, 91
METHYL a-BROMO-3-METHOXYPROPIO-
NATE, 20, 81
METHYL (-BROMOPROPIONATE, 20, 64
METHYL 5-BROMOVALERATE, 26, 52
Methyl-n-butylamine, 26, 19
1-Methyl-2-n-butylpyrrolidine, 25, 19
Methyl carbitol, 22, 32
4-METHYLCARBOSTYRIL, 24, 28, 68
4-METHYLCOUMARIN, 24, 69
METHYL w-CYANOPELARGONATE, 25, 69
Methylcyclohexane, 21, 16
Methy! desoxycholate, 24, 41
Methyl e,8-dibromopropionate, 20, 82
N-METHYL-3,4-DIHYDROXYPHENYL-
ALANINE, 22, 89, 91, 93
8-(3,4-METHYLENEDIOXYPHENYL)-
ETHYLAMINE, 22, 72
Methyl ester column, 24, 72, 73
METHYLETHYLETHYNYLCARBINOL, 20,
41
5-METHYL-5-ETHYLHYDANTOIN, 20, 44
Methyl ethyl ketone, 20, 41
Methyl ethyl ketone cyanohydrin, 20, 44
N-METHYLFORMANILIDE, 20, 11, 66
0-METHYLFORMANILIDE, 28, 43
Methyl-g-formylpropionate, 21, 88
a-Methylglucoside, 20, 99
B-METHYLGLUTARIC ACID, 23, 60
Methyl hydrogen adipate, 26, 52
METHYL HYDROGEN SUCCINATE, 26, 19
4-METHYL-7-HYDROXY-8-ACETYLCOUMA-
RIN, 21, 25
4-METHYL-7-HYDROXYCOUMARIN, 21, 23

SUBJECT INDEX

2-METHYLINDOLE, 22, 94
METHYL ISOTHIOCYANATE, 21, 81, 83
Methy! isothiourea, reaction of sulfate
with hydrazine sulfate, 26, 9
Methyl lactate, 26, 6
6-Methyllepidine, 26, 47
8-Methyllepidine, 26, 47
a-Methyl-d-mannoside, 22, 86
Methyl mercaptan, 26, 9
N-METHYL-(3-METHOXY-4-HYDROX Y~
PHENYL)-ALANINE, 22, 91
2-Methyl-6-methoxyquinoline, 26, 47
METHYL MYRISTATE, 20, 67
a-Methylnaphthalene, 26, 93
Methyl-n-octylamine, 26, 19
METHYL PALMITATE, 20, 67
METHYLPHENYLDIKETONE, 23, 1
B-(2-METHYLPHENYL)-ETHYLAMINE, 23,
72
B-(3-METHYLPHENYL)-ETHYLAMINE, 23,
72
B-(4-METHYLPIIENYL)-ETHVLAMINE, 23,
72
N-methyl-2-pyridone, 26, 18
1-Methylpyrrolidine, 28, 19
METIYL PYRUVATE, 24, 72
METHYL SEBACAMATE, 26, 71
METHYL SUCCINIC ACID, 26, 54
various methods for preparation of
26, 56
Methyl sulfate, 20, 97
antidote, 20, 97
a-Methyltetrahydrofuran, 26, 83
METHYLTHIOUREA, 21, 83
Mineral oil, 23, 103
Monel-metal stirrer, 20, 99
Monqalkylcyanoacetates, 26, 33
MONOPERPHTHALIC ACID, 20, 70
Muconic Acip, 26, 57
various methods of preparation, 26, 60
MYRISTIC ACID, 20, 69
Myrtle wax, 20, 68

B-NAPHTHALDEHYDE, 21, 84; 23, 63

2-NAPHTHALDEHYDE, 21, 84; 23, 63

1-NAPHTHALDEHYDE, 2-HYDROXY-, 22,
63

B-Naphthaldehydimine-stannichloride,
23, 63

Naphthalene, 24, 30
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1,3-NAPHTHALENEDIOL, 25, 73
1,(2)-NAPHTHALENONE, 3,4-DIHYDRO-,
20, 94
Naphthalic anhydride, 24, 1, 2
B-Naphthoic acid, 21, 86
2-NAPHTHOIC ACID, 3-AMINO-, 22, 19
3,4-D1aYDRO-6,7-DIMETHOXY-, 26, 28
B-Naphthol, 20, 18; 22, 23, 63
1-NAPHTHONITRILE, 21, 89 '
2-Naphthonitrile, 23, 63
1,4-Naphthoquinone, 22, 37
1,2-Naphthoquinone-4-sulfonate, am-
monium, 21, 56
1,2-NAPHTHOQUINONE-4-SULFONATE,
AMMONTUM AND POTASSIUM, 21, 91
NAPHTHORESORCINOL, 25, 73
B-NAPHTHOYL CHLORIDE, 21, 85
B-Naphthylamine, 22, 23
B-Naphthyl ethyl ether, 20, 11
Nef reaction, 20, 40
Nichrome helices, 20, 96
Nickel-aluminum alloy, 21, 15, 16
Nitrate ester preparation, 22, 65
Nitration in acctic acid, 26, 78
Nitric acid, anhydrous, 21, 105, 106
fuming, 22, 48, 65; 23, 3
Nitrile formation, 20, 74; 21, 89; 28, 61,
63, 66, 69, 95
4-NITR0-4’-ACETAMINODIPHENvr.sqx.—
FONE, 22, 32
3-Nitro-4-aminotoluene, 22, 47
p-Nitroaniline, 26, 61
0-NITROBENZALDEHYDE, 24, 75
m-Nitrobenzaldehyde, 25, 55
o-Nitrobenzaldiacetate, 24, 75
Nitrobenzene, 20, 1; 22, 28; 24, 70; 25,
80
p-Nitrobenzenediazonium borofluoride,
26, 61
p-Nitrobenzoic acid, 23, 66
m-Nitrobenzoyl chloride, 23, 66
p-Nitrobenzoyl chloride, 23, 65
m-NITROBENZOYL PEROXIDE, 23, 66
$-NITROBENZOYL PEROXIDE, 28, 65
p-NITROBENZYL ACETATE, 24, 79, 81
p-NITROBENZYL ALCOHOL, 24, 81
p-Nitrobenzyl chloride, 24, 79
p-Nitrochlorobenzene, 22, 32
2-NITRO-p-CYMENE, 21, 96; 22, 9
Nitrogen atmosphere, 23, 94; 28, 42, 83
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Nitrogen peroxide, 25, 34
Nitroguanidine, reduction of, 26, 7
5-NITROINDAZOLE, 20, 73
2-NI1TRO-4-METHOXYACETANILIDE, 26, 78
2-NITRO-4-METHOXYANILINE, 26, 78
2-NI1TRO-6-M ETHOXYBENZONITRILE, 22,
35
3-N1T1RO-4-NITROSOTOLUENE, 22, 47
o-Nitrophenol, 25, 9
p-Nitrophenol, 20, 60
»-NITROPHENYLARSONIC ACID, 26, 60
various methods of preparation, 26,
62
Nitrosation, of B-methylaminoisobutyl
methyl ketone, 25, 28
of phenacyl chloride, 24, 25
NITROSOBENZENE, 25, 80
N-NITROSO-3-METHY LAMINOISOBUTYL
METHYL KETONE, 26, 28
Nitrosomethylurethan, 26, 13
2-NITROSO-5-NITROTOLUENE, 22, 44
o-Nitrotoluene, 24, 76
p-Nitrotolucne, 21, 97
Nitrous acid, 22, 96
NONAMETHYLENE BROMIDE, 20, 25
n-Nonyl mercaptan, 21, 38

OCTADECANLDIOICIACID, DIETHYL ESTER,
21, 48
#n-OCTADECYL $-BROMOBENZENESULFO-
NATE, 20, 51
n-Octadecylmercaptan, 21, 38
#-OCTADECYL $-TOLUENESULFONATE,
20, 51
Octanoylchlororesorcinol, 20, 59
0-Octanoylphenol, 20, 58
#p-Octanoylphenol, 20, 58
Octanoylresorcinol, 20, 58
n-Octyl mercaptan, 21, 38
Oxidation, by air, 20, 94
by air and alkali, 22, 37
by bromine water, 20, 23
by fuming nitric acid, 23, 3
by hydrogen peroxide, 20, 70
by potassium chlorate, 28, 6
by potassium permanganate, 20, 79
by sodium dichromate and sulfuric
acid, 25, 81
conversion of acetyl to carboxyl
group, 26, 95
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Oxidation—Continued
of an aldehyde by seleniousacid, 24, 61
of an amine to a nitroso compound,
22, 44, 47
of a hydrocarbon to a quinone, 24, 1
of a hydroxylamine to a nitroso com-
pound, 26, 81
of iodobenzenedichloride to iodoxy-
benzene, 22, 73
of a methyl group to a carboxyl group,
22, 45, 47
of a nitroso compound to a nitro com-
pound, 22, 45, 47
of o-nitrotoluene to o-nitrobenzaldi-
acetate, 24, 75
of an olefin to an acid, 24, 39
with bromine of a silver salt, 26, 53
Oxides of nitrogen, 23, 3
Oximation, 20, 75
OzoNE, 26, 63
absorption of, 26, 67
analysis for, 26, 68
destruction of, 26, 68
various methods for preparation, 26,
76
Ozonization of organic compounds, 26,
It
OZzONIZER, FOR THE LABORATORY, 26, 63
of Pyrex glass, 26, 76

PALLADIUM, ON BARIUM CARBONATE, 26,
77
ON BARIUM SULFATE, 26, 77
ON CARBON, 26, 31, 45, 78
recovery from spent catalyst, 26, 80
PALLADIUM CATALYSTS, 26, 77
by reduction with formaldehyde or
hydrogen, 26, 79
various methods of preparation, 26,
32, 46, 81
PALLADIUM CHLORIDE ON CAREBON, 26,
78
ParmrTic Acip, 20, 69
Paraffin, 23, 103
Paraformaldehyde, 23, 30; 24, 30
Paraldehyde, 24, 61
PELARGONIC ACID, 8-CYANO-, METHYL
ESTER, 26, 69
o-Pelargonylphenol, 20, 58
p-Pelargonylphenol, 20, 58

SUBJECT INDEX

'PENTAACETYL d-GLUCONONITRILE, 20,

14, 74

PENTAMETHOYLENE BROMIDE, 23, 67

PENTAMETHYLENE GLYCOL, 26, 83

PENTAMETIIYLENE OXIDE, 22, 67, 90

1,5-PENTANDIOL, 26, 83, 85

PENTANE, 1,5-DIBROMO-, 23, 67

2,4-PENTANEDIONE, 20, 6

2-PENTENOIC ACID, 2-CYANO-3-ETHVL-,
ETHYL ESTER, 26, 46

3-PENTENOIC ACID, 2-CYANO-3-ETHYL-2-
METHYL-, ETOYL ESTER, 25, 44

4-PENTEN-1-0L, 25, 84

Pentose synthesis, 20, 14

Peracid, 20, 70; 22, 44

Perkin reaction, 20, 55

P1ROXIDE, BIS(p-NITROBENZOYL-), 22,
65

Peroxides, removal from isopropyl ether,
22, 3

removal from o-tetralone, 20, 95

PERPHTHALIC ACID, MONO-, 20, 70

Petroleum ether, 23, 102, 104

Phenacyl chloride, 24, 25, 26

PHENETHYLAMINE, 23, 71

Phenof, 20, 77; 22, 6; 24, 69

PHENOL, 2-AMINO-4-NITRO-, 25, §

Phenol red, 22, 91

9-Phenoxyacridine, 22, 7

Phenylacetyl chloride, 26, 14

dI-PHENYLALANINE, 21, 99

a-Phenyl-a-aminobutyric acid, methyla-
tion of, 25, 91

N-Phenylanthranilic acid, 22, 5

PHENYL AzIDE, 22, 96

$-PHENYLAZOBENZOIC ACID, 26, 86

p-PHENYLAZOBENZOYL CHLORIDE, 25, 87

Phenylbenzoyldiazomethane, 20, 48

PHENYL CINNAMATE, 20, 77

1-Phenyldialin, 24, 84

B-PHENYLDITHIOCARBAZIC ACID, PHEN-
YLHYDRAZINE SALT, 25, 38

o-Phenylenediamine, 20, 16

a-PHENYLETHYLAMINE, 23, 68

B-PHENYLETHYLAMINE, 23, 71; 25, 89

PHENYLETHYLAMINE, N,N-DIMETHYL-,
26, 89

B-PHENYLETHYLDIMETHYLAMINE, 25, 89

dl-PHENYLGLYCINE, 22, 23

«-PHENYLGLYCOLIC ACID, 28, 48
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Phenylhydrazine, 22, 96; 26, 38
PHENYLHYDRAZINE HYDROCHLORIDE, 23,
96
B-Phenylhydroxylamine, 25, 80
2-PHENYLINDOLE, 22, 98
PHENYLLITHIUM, 23, 83
Thenylmagnesium bromide, 21, 79; 23,
08; 24, 84, 89
reaction with benzophenone, 23, 99
reaction with ethyl benzoate, 28, 98
PHENYLMETHYLGLYCIDIC ESTER, 24, 82,
87
1-PHENYLNAPHTHALENE, 24, 84
PHENYLPROPARGYL ALDEHYDE, 26, 92
PHENYLPROPARGYL ALDEHYDE ACETAL,
25, 93
a-PHENYLPROPIONALDEHYDE, 24, 87
2,4-dinitrophenylhydrazone of, 24, 88
Phenyl! salicylate, 26, 92
Phenylthiosemicarbazide, 26, 38
N-Phenyl-o-toluimidyl chloride, 26, 98
Phosgene, solution of, in toluene, 23,
13
Phosphoric acid, 24, 30
Phosphorus, red, 22, 91
Phosphorus oxychloride, 20, 11; 23, 5;
24, 29; 25, 63
Phosphorus pentachloride, 21, 86
Phosphorus pentasulfide, 26, 36 +
Phosphorus pentoxide, 26, 61, 69
Phosphorus tribromide, 23, 32, 88
precautions and dangers in use of, 23,
33
Phosphorus trichloride, 20, 106; 21, 74
precautions and dangers in use of, 23,
33
Photoflood lamps, 20, 84, 104
PHTOALALDEHYDIC ACID, 23, 74
Phthalic acid, 24, 45
Phthalic anhydride, 20, 70
PHTHALIC ANHYDRIDE, TETRAPHENYL-,
23, 93
PHTHALIC MONOPERACID, 20, 70
Phthalide, 22, 30, 62; 23, 75
Phthalimide, potassium, 24, 46
Phthaloyl chloride, 20, 51
a-Picoline, 20, 79; 23, 84
PICOLINIC ACID HYDROCHLORIDE, 20, 79
a-P1COLYLLITHIUM, 28, 84
Picric acid, 24, 65
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PINACOL, ANHYDROUS, 22, 39, 40, 41
Pinacol hydrate, 28, 39
Pinacolone, 22, 39, 41
Piperidine, 28, 61; 25, 42
Polyglyoxal, 24, 63
Polylactic acid, 26, 4, 5
alcoholysis of, 26, 4
Polymerization inhibitors, 26, 19
Polyoxymethylene, 23, 30; 24, 30
Poppyseed oil, 22, 78, 85
Potassium, 23, 42, 45
precautions in use of, 24, 100
Potassium acetate, 20, 55
PoTassiuM AMIDE, 20, 91
Potassium bromide, 20, 81, 101
PoTASSIUM Zert.-BUTOXIDE, 28, 42, 45
Potassium carbonate, 20, 21
Potassium chlorate, 28, 6
Potassium cyanide, 20, 38, 44; 22, 35
Potassium dichromate, 22, 45
Potassium cthoxide, 23, 42, 26, 42
Potassium hypochlorite, 23, 27
Potassium iodide, 22, 52, 71; 24, 97
Potassium methoxide, 23, 43; 24, 6, 7,
100
Potassium permanganate, 20, 79
Potassium persulfate, 22, 44
Pressure reaction, 20, 40, 81, 101; 22,
9, 19; 23, 68, 70, 71, 72, 81, 90
use of “booster” pump, 28, 68
1,3-PROPANEDIONE, 1,3-DIPHENYL-, 20,
32
1,2-PROPANEDIONE, 1-PHENYL-, 28, 1
2-PropANOL, 1-(2-PYRIDYL)-, 23, 83
3-PrROPANOL, 1-(2-PYRIDYL)-, 23, 85
2-PROPANONE, 1-CHLORO-3-PHENYL-,
26, 13
PROPIOLALDERNYDE, PHENYL-, 26, 92
PROPIONALDEHYDE, 3-ETHOXY-, DIETHYL
ACETAL, 26, 1
PROPIONIC ACID, (-3-ACENAPHTHENYL-
CARBONYL-, 20, 1
PROPIONIC ACID, $-3-ACENAPHTHOLYL-,
20, 1
PROPIONIC ACID, 3-(CHLOROFORMYL)-,
METHYL ESTER, 25, 19
ProrIONIC ACID, B3,8'-METHYLIMINOBIS,
DIETHYL ESTER, 20, 35
Propionic anhydride, 21, 14
PROPIONITRILE, $-ETHOXY-, 28, 33
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Propiony! chloride, 24, 30
PROPIOPHENONE, $-DIETHYLAMINO-, 23,
31
PROPIOPHENONE, 8-DIMETHYLAMINO-,
23, 30
n-Propyl-n-butylamine, 26, 19
1-n-Propylpyrrolidine, 26, 19
Protective screen, 22, 97
PSEUDOIONONE, 23, 78
bisulfite compound, 23, 79
PyocyANINE, 26, 86
by photochemical oxidation, 26, 89
PYRAN, DIHYDRO-, 23, 25
PYRAN, TETRAHYDRO, 23, 67, 90
Pyridine, 20, 50; 21, 89; 23, 37, 88; 24,
10, 92
anhydrous, 22, 56
PYRIDINE, 2-BROMO-, 26, 16
1-(a-PYRIDYL)-2-PROPANOL, 23, 83
1-(a-PYRIDYL)-3-PROPANOL, 23, 85
PYROGALLOL 1-MONOMETHYL ETHER, 26,
90
oxidation with lead peroxide, 26, 86
various methods for preparation, 26,
91
Pyrolysis, 25, 38
PYROTARTARIC ACID, 26, 54
PYRROLE, 2,4-DIMETHYL-3-ACETYL-5-
CARBETHOXY-, 21, 68
PYRROLE, 2,4-DIMETHYL-3-ETHYL-, 21,
67
PYRROLIDINE, 1-BUTYL-, 25, 14
Pyruvic acid, 24, 72

Quinoline, 21, 87
Quinones, 22, 37

RANEY NICKEL CATALYST, 21, 15; 22, 9,
12; 23, 68, 71, 81, 90; 25, 10
Rearrangement, Claisen, 25, 49
w,w-dichloroacetophenone to mandelic
acid, 23, 49
retropinacol, 22, 41
Red lead, 21, 1, 3
Reduction, by amalgamated zinc and
hydrochloric acid, benzoin to stil-
bene, 23, 86
by hydrogen and Raney nickel, at
high pressures, 22, 9
at low pressures, 22, 12

SUBJECT INDEX

Reduction, by hydrogen and Raney
nickel—Continued
alkoxynitrobenzenes to alkoxyani-
lines, 286, 10
benzyl cyanide to phenethylamine,
23, 71
dihydropyrane to tetrahydropy-
rane, 23, 90
pseudoionone to hexahydropseudo-
ionol, 23, 81
with simultaneous amination by
ammonia, acetophenone to a-
phenylethylamine, 23, 68
by hydrogen sulfide, 23, 7
by sodium sulfide and ammonium
chloride, 25, 5
by stannous chloride, Stephen reduc-
tion of B-naphthonitrile to S-naph-
thaldehyde, 23, 63
by zinc and alkali, 22, 28
by zinc and ammonium chloride, 25,80
by zinc and hydrochloric acid, 20, 57
Clemmenscn, 20, 57
electrolytic, 21, 10
of a#double bond by sodium amalgam,
22, 90
of 4 hydroxylamino acid to an amino
acid by hydroxylamine, 22, 26
of an imide chlorine to an aldehyde,
26, 98
of a nitro compound by stannous
chloride, 22, 32; 285, 66
of a nitro compound to an amine, 22,
9; 25, 5, 55
of a nitro compound to an azo com-
pound, 22, 28
of a nitro compound to an hydroxyl-
amine, 26, 80
of nitroguanidine with zinc, 26, 7
over palladium, 26, 32, 46
Rosenmund (Pd-BaSOy), 21, 84, 110
Reductive alkylation, of cyanoacetic
ester with butyraldehyde, 26, 32
of ethanolaumine with acetone, 26, 38
Reformatsky reaction, 21, 51
Reimer-Tiemann reaction, 22, 63
Replacement, aldehyde group by hy-
droxyl, 26, 90
amino group by a bromine atom
(diazo reaction), 24, 22
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Replacement—Continued
amino group by hydroxyl group (diazo
reaction), 28, 11; 26, 55
bromine atom by a cyano group, 21,
89; 23, 33
bromine atom by a hydroxyl grotp,
23, 76
carboxyl group by bromine, 26, 53
chlorine atom by anaminogroup, 22, 6
chlorine atom by a cyano group, 24,
97; 25, 66
chlorine atom by a sulfone group, 22,
31
glycosidic hydroxyl group by a bro-
mine atom, 22, 2
glycosidic bromine atém by hydroxyl
group, 25, 53
hydrogen atom by a cyano group, 22,
35
hydroxyl group by an amino group,
22, 19
hydroxyl group by a bromine atom,
with phosphorus tribromide, 23,
32
with phosphorus tribromide and
pyridine, 23, 88
hydroxyl group by a chlorine atom,
22, 5; 24, 28
with thionyl chloride, 25, 84 |
hydroxyl group by chlorine or bro-
mine with acetyl halides, 23, 100,
102
nitro group by a methoxyl group, 22,
35
sulfonamide group by hydrogen, 24,
48, 49
RESACETOPHENONE, 21, 103
Resorcinol, 21, 23, 103
a-RESORCYLIC ACID, 21, 27
Ring opening by hydralysis with bar-
ium hydroxide, 22, 91
Rosenmund synthesis,aldehyde, 21, 84,
110
nitrile, 21, 89

Salicylanilides, from various amines,
26, 93
SALICYL-0-TOLUIDE, 26, 92
various methods for preparation, 26,
94
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0-SALICYLOTOLUIDE, 26, 92
Salol, 26, 92
Salt bath for heating, composition of,
21, 90
Sand as diluent to prevent caking, 22,
98; 26, 63
Sandmeyer reaction, 24, 22
Saponification, of an ester, 26, 30
of an ester with sodium cyanide, 26, 54
of ethyl linoleate, 22, 78
of ethyl linolenate, 22, 84
of natural oils, 22, 75, 79, 82
of p-nitrobenzyl acetate, 24, 81
Screen, protective, 22, 97
Seal, rubber tube, for stirrer shaft, 21,
40
SEBACAMIC ACID, METHYL ESTER, 26, 71
Sebacamide, 25, 95
Sebacic acid, 25, 95
SEBACONITRILE, 25, 95
Selenious acid, 24, 61, 62
SELENIUM, 24, 63
powdered, black, 24, 90
Selenium compounds, ease of oxidation,
24, 91
precautions when working with, 24, 89
sensitivity to light, 24, 90
Sclenium dioxide, 24, 62
Selenocresols, 24, 91
Selenophenol, 24, 89
Selenophenols from hydrolysis of aryl
selenocyanate, 24, 91
SENECIOIC ACID, 23, 27
Separatory funnel, large, construction
of, 23, 105
dl-SERINE, 20, 81
Shaking extractor, 23, 78
Silver acetate, 20, 15
Silver carbonate, 25, 54
Silver salt, drying of a, 26, 53
of methyl hydrogen adipate, 26, 52
Skellysolve B, 24, 70
Snyder column, 20, 68
Sodamide, see Sodium amide
Sodium, 20, 7, 74, 88; 21, 42, 60, 68, 99;
22, 92; 23, 16, 18, 20, 53, 95, 97;
24, 60, 87; 25, 11
Sodium acetate, 20, 6, 11, 56, 75; 23, 54;
24,79
Sodium amalgam, 22, 90, 92
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Sopnrum AMIDE, 20, 40, 87; 22, 94; 23,
20; 24, 83; 26, 25
grinding, 20, 41, 88; 22, 95
handling, 20, 41, 88
residues, destruction of, 20, 90
Sodium arsenite, 26, 61
Sodium azide, 24, 94
Sodium bicarbonate, 20, 26; 23, 78
Sodium bisulfite, 20, 43; 28, 78, 79; 24,
2,62
Sodium bromide, 24, 23
Sodium carbonate in preparation of an
acid chloride, 25, 87
Sodium cyanide, 20, 44; 22, 13, 23; 23,
33; 24, 9; 25, 66
Sodium cyclohexoxide, 26, 30
Sodium dichromate, 24, 1
Sodium ethoxide, 20, 7, 9, 33; 22, 26;
23, 35, 79; 24, 87; 25, 44; 26, 29
by “inverse’” procedure, 23, 18
Sodium hypochlorite, 22, 73
Sodium isopropoxide, 25, 29
SopruM /-MENTHOXIDE, 23, 52
Sodium methoxide, 20, 14, 74
by “inverse’” procedure, 23, 18
Sodium nitrite, 21, 31, 67; 22, 96; 23, 11;
24, 22, 27, 56, see also Diazotization
Sodium p-nitroperbenzoate, 23, 66
Sodium peroxide, 23, 65
Sodium powder, 20, 8; 23, 96; 25, 86
Sodium 2-pyridinediazotate, 26, 18
Sodium sulfate, anhydrous, 22, 57
Sodium sulfide, 25, 5
Sodium sulfite, 28, 78; 24, 23, 33
Sodium thiocyanate, 22, 17
Sodium zincate, 22, 28
Sors1t AcID, 24, 92
Spray trap, 23, 1
Stannic chloride, 28, 33
Stannous chloride, anhydrous, 23, 64
Stannous chloride dihydrate, 22, 32; 23,
63; 26, 55
Starch-iodide test paper, use in follow-
ing diazotizations, 24, 23
Steam distillation, 20, 2
Stephen reduction, 23, 63
trans-STILBENE, 22, 50; 28, 86
STILBENE DIBROMIDE, 22, 50
Stirrer, air, 28, 96
brass, 21, 44

SUBJECT INDEX

Stirrer—Continued
glycerol-sealed, 21, 40
Hershberg, 20, 8; 22, 23, 74; 28, 33
“Lightnin” mixers, 21, 97
Monel-metal, 20, 99
stainless-steel, 23, 54
Tru-bore, 26, 67
Strecker synthesis, 22, 13, 23; 24, 9
Sublimation in vacuum desiccator, 25, 57
Succinic anhydride, 20, 1
Sulfanilamide, 24, 47, 48, 49, 50
SULFONE, 22, 31
Sulfur dioxide, 22, 92
Sulfuric acid, 22, 48, 49; 28, 11
as cyclizing agent, 25, 14, 73
fuming, 21, 27
Sulfuryl chloride, 22, 17
Sunflower seed oil, 22, 75, 80
Superheater for steam, 23, 64

d-Tartaric acid, 22, 65; 23, 79, 80
TARTARIC ACID DINITRATE, 22, 65
TEREPHTHALALDEHYDE, 20, 92
TEREPHTHALIC ACID, 26, 95
esterification of, 26, 96
various methods of preparation, 26,
96
2,3,4,6-TETRAACETYL-a-d-GLUCOPY-
RANOSYL BROMIDE, 23, I1; 26, 53
1,2,3,4-TETRAACETYL-3-d-GLUCOSE, 22,
56
2,3,4,6-TETRAACETYL-8-d-GLUCOSE, 26,
53
Tetraacetylglucose-6-mononitrate, 22,
58
TETRABROMOSTEARIC ACID, 22, 76
a,a,a o’ TETRABROMO-p-XYLENE, 20, 92
Tetrachloroethane, 28, 57
precautions in use of, 23, 58; 26, 69
7-TETRADECYL $-BROMOBENZENESUL-
FONATE, 20, 51
7n-TETRADECYL “p-TOLUENESULFONATE,
20, 51
Tetrahydrofurfuryl alcohol, 23, 25, 88;
25, 84; 26, 83
TETRAHYDROFURFURYL BROMIDE, 23, 88
TETRAHYDROFURFURYL CHLORIDE, 26,
84
TETRAHVDROPYRANE, 28, 67, 90 .
Tetrahydroquinoline, 26, 40



SUBJECT INDEX

Tetralin, 20, 94

a-TETRALONE, 20, 94; 24, 85

Tetramethylenediamine, methylation
of, 25, 91

2,3,4,6-TETRAMETHYL-d-GLUCOSE, 20, 97

TETRAMETHYLMETHYLGLUCOSIDE, MIX-
TURE OF « AND (3, 20, 100

Tetramethyl-a-methylglucoside, 20, 99

TETRANITROMETHANE, 21, 105

Tetranitromethane as reagent for de-
tecting double bonds, 21, 107

TETRAPHENYLCYCLOPENTADIENONE, 283,
92,93

TETRAPHENYLDIHYDROPHTHALIC ANHY-
DRIDE, 28, 93

TETRAPHENYLPHTHALIC ANHYDRIDE, 23,
93 -

THIAZOLE, 2,4-DIMETHYL, 26, 35

Thioacetamide, 25, 36

Thiocarbamic acid, 26, 35

Thionyl chloride, 20, 77; 21, 78; 28, 55;
24, 21; 265, 19, 58, 71, 84, 87; 26, 57

Thiophenols, 24, 91

Thiourea, 21, 36; 22, 59

dl-THREONINE, 20, 101

Tin, 20, 19

ToLAN, 22, 50

o-Tolidine, 21, 32, 34

0-TOLUALDEHYDE, 26, 97 \

various methods of preparation, 26,
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o-Toluanilide, 26, 97

Toluene, 20, 66; 22, 53; 23, 12, 52, 65

TOLUENE, a-CHLORO-2-HYDROXY-3-
NITRO-, 20, 59

p-Toluenesulfonic acid, 24, 72; 26, 19

p-Toluenesulfonyl chloride, 20, 50

«-TOLUIC ACID, a-AMINO, dl, 22, 23

a-TOLUIC ACID, 0-CARBOXY, 23, 61

a-TOLUIC ACID, 2,4,6-TRIMETHYL-, 25, 65

m-Toluidine, 21, 108

o0-Toluidine, 283, 43; 26, 92

p-Toluidine, 22, 16

m-ToLUIDINE, N-BENZYL, 21, 108

p-Toluidine sulfate, 22, 17

m-TOLYLBENZYLAMINE, 21, 108

o0-Tolylbenzylamine, 21, 109

p-Tolylbenzylamine, 21, 109

o-Tolylmagnesium bromide, 26, 98

2-TOLYLTHIOUREA, 22, 17
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Toxicity, 20, 97; 28, 58; 24, 89
Transesterification, 26, 19
polylactic acid and allyl alcohol, 26, 4

Trap for absorbing gases, 28, 13, 55, 102

1,2,4-TR1AZOLE, 3-AMINO-, 26, 11

1,3,4-Tr1AZOLE, 1-AMINO-, 24, 12

‘TRIBIPHENYLCARBINOL, 28, 95, 97

sym.-Tribromoaniline, 24, 51, 52

3,4,5-Tribromobenzoy] chloride, 23, 66

3,4,5-TRIBROMOBENZOYL PEROXIDE, 28
66

N-TRICARBOXYLIC ESTER, 24, 58, 60

1,2,4-Trichlorobenzene, 26, 92

2,4,6-TRIETHYLBENZALDEHYDE, 28, 60

1,3,5-Triethylbenzene, 33, 60

2,4,6-Triethylphenylacctonitrile, 25, 67

2,4,6-TRIISOPROPYLBENZALDEHYDE, 23,
60

1,3,5-Triisopropylbenzene, 28, 60

2,4,6-TRIMETHYLBENZALDEHYDE, 21,
110; 23, 57, 59

TRIMETHYLENE BROMIDE, 20, 25; 28, 16,
24, 46

Trimethylene chlorobromide, 26, 40

Trimethylthiourea, 21, 84

TRIPHENYLBROMOMETHANE, 22, 57; 283,
102

TRIPHENYLCARBINOL, 28, 98, 100

TRIPHENYLCHLOROMETHANE, 22, 56; 23,
100, 102

TRIPHENYLMETHYL BROMIDE, 23, 57; 23,
102

TRIPHENYLMETHYL CHLORIDE, 22, S56;
23, 100, 102

Tritylation of glucose, 22, 56

TRITYL BROMIDE, 28, 57; 23, 102

TRITYL CHLORIDE, 22, 56; 23, 100, 102

6-TRITYL-S-d-GLUCOSE-1,2,3,4-TETRA-
ACETATE, 22, 56

Two-bulb distilling flask, 20, 20

Ullmann reaction, 26, 51
Ullmann synthesis, 20, 45
UNDECYL ISOCYANATE, 24, 94
n-Undecyl mercaptan, 21, 38
0-Undecylylphenol, 20, 58
p-Undecylylphenol, 20, 58
Urea, 23, 11, 25

Urethan, 24, 60

Uric acid, 28, 6
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Vacuum desiccator, “dumb-bell” type,
23, 105

VALERIC ACID, §-BROMO-, METHYL ESTER,
26, 52

Valerylchlororesorcinol, 20, 58

o0-Valerylphenol, 20, 58

p-Valerylphenol, 20, 58

dl-VALINE, 20, 106

Vanillin, 22, 90

y-Veratrylbutyric acid, 26, 29, 30

Vigreux column, 20, 22, 52

Vinyl acetate, 23, 9

VINYLACETIC ACID, 24, 96

Walnut oil, 22, 85
Water separator, 23, 38; 25, 46; 26, 4
Wazx, bayberry, 20, 67

myrtle, 20, 68
Widmer column, 20,7,9,22,41, 52,68,84
Wilson rings, 20, 52

SUBJECT INDEX

Wire helices, 20, 96
Wurtz-Fittig reaction, 25, 11

Xylene, 23, 96
dry, 20, 8,9
purified for Rosenmund reduction, 21,
85
p-Xylene, 20, 92

Yeast, 22, 53

Zinc, 20, 57; 22, 77, 83
amalgamated, 20, 57; 23, 86
Zinc chloride, 20, 52; 22, 19
anhydrous, 21, 103; 22, 98; 24, 18
Zinc cyanide, 23, 57
Zinc dust, 21, 51, 68; 22, 28; 23, 86; 25,
80
activation of, 26, 7
purification of, 21, 52
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