NOMENCLATURE

Prepurations are listed under the names which are used com-
monly for the compounds. For the convenience of those who
wish to make o complete survey of the literature on any prepura-
tion, the Chemical Abstracts indexing name for each compound
iy given us o subtitle when that name differs from the title of the
prepuration.

NOTICE TO SUBMITTERS OF PREPARATIONS

Organic Syntheses invites the submission of preparations of
compounds which are of general interest or which illustrate uscful
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.

vi

1-ACETYLCYCLOHEXENE
(Ketone, 1-cyclohexenyl methyl)

OH
C=CH o, COCHj,
—— S
CgHg

Submitted by J. H. SAUNDERS !
Checked by E. L. JENNER and R. S. SCHREIBER.

1. Procedure

In a 500-ml. round-bottomed flask are placed 40 g. (0.32
mole) of 1-ethynylcyclohexanol (p. 47), 250 ml. of dry benzene,
10 g. of phosphorus pentoxide, and a boiling chip. A reflux con-
denser is attached to the flask, and the benzene solution is
refluxed gently on a steam cone for 2.5 hours. At the end of
that time the contents of the flask are cooled and the benzene is
decanted from the phosphorus pentoxide, washed once with 100
ml. of 5%, sodium bicarbonate solution, and dried over 15 g. of
anhydrous sodium sulfate. The benzene is removed by distilla-
tion at atmospheric pressure, and the acetylcyclohexene is care-
fully fractionated at reduced: pressure, through a 15-cm. helix-
packed column. The yield of material boiling at 85-88°/22 mm.,
na 14892, is 22.5-28 g. (56-709,).

2. Methods of Preparation

1-Acetylcyclohexene has been prepared by treating cyclo-
hexene with acetyl chloride and aluminum chloride 345 by

treating 1-ethynylcyclohexanol with oxalic acid ¢ or 859, aqueous
1
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formic acid,*"%? and by the dehydrohalogenation and hydrol-
ysis of ethylidenecyclohexane nitrosochloride.

! This investigation was carried out under the sponsorship of the Office of
Rubber Reserve, Reconstruction Finance Corporation, in connection with the
Government Synthetic Rubber Program.

2 Darzens, Compl. rend., 150, 707 (1910).

3 Christ and Fuson, J. Am. Chem. Soc., 59, 895 (1937).

¢ Nightingale, Milberger, and Tomisek, J. Org. Ckem., 13, 358 (1948).

$ Hurd and Christ, J. Am. Chem. Soc., 59, 120 (1937).

¢ Levina and Vinogradova, J. Applied Chem. U.S.S.R., 9, 1299 (1936) [C.A.,
31, 2587 (1937)].

? Rupe, Messner, and Kambli, Helv. Chim. Acta, 11, 454 (1928).

8 Fischer and Lowenberg, Ann., 475, 203 (1929).

® Chanley, J. Am. Chem. Soc., 70, 246 (1948).

10 Wallach, 4nn., 360, 46 (1908).

“ACRYLIC ACID

I. PYROLYSIS METHOD

590°

CHy=CHCO,C;H5 — CHy=CHCO,;H + CH,=CH,

Submitted by W. P, RATCHFORD.
Checked by ArTHUR C. CoPE, WiLLiaM R. ARMSTRONG, and JaMES J. RYAN.

1, Procedure

A 90-cm. length of 28-mm. (outside diameter) Pyrex tubing
packed with pieces of Pyrex tubing (Note 1) is mounted verti-
cally in an electric furnace (Note 2) capable of maintaining a
temperature of 585-595°. A 250-ml. long-stemmed separatory
funnel is connected to the upper end of the tubing with a stopper
(Note 3), and the lower end is connected to a 500-ml. three-
necked flask immersed in ice water. The flask, which serves as
a receiver, is attached to a 50-cm. water-cooled reflux condenser,
which in turn is connected by short lengths of rubber tubing to
two traps in scrics which are immersed in a Dry Ice-trichloro-
cthylene mixture. ‘The exit tube of the second trap is vented to
o hood.  From 0.2 to 0.3 g. of hydroquinone is placed in the
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receiver, together with a few pieces of Dry Ice which serve to
displace air from the entire apparatus. The third neck of the
receiver is stoppered.

The furnace is heated to 590° (Note 4), and after the air has
been displaced 200 g. (216 ml., 2 moles) of ethyl acrylate (Note 5)
is placed in the separatory funnel and admitted to the reaction
tube at a rate of about 90 drops a minute (Note 3), so that the
addition requires about 2 hours. At the end of the addition the
contents of the receiver and the small amount of liquid in the
traps are combined. The total weight of crude acrylic acid con-
taining some ethyl acrylate is 126-136 g.

The crude product is placed in a 250-ml. flask containing a
capillary inlet tube through which carbon dioxide is admitted.
Ten grams of hydroquinone and 15 g. of diphenyl ether are added,
and the flask is attached to a suitable fractionating column
(Note 6). The product is fractionated carefully (Note 7) at 135
mm. pressure. The pressure is lowered gradually when most of
the ethyl acrylate has distilled, and at about 70°/90 mm. the
receiver is changed. The first fraction (mostly ethyl acrylate)
amounts to 9-10 g. The pressure is lowered further to 50 mm.,
and the acrylic acid is distilled fairly rapidly, without reflux, at
69-71°/50 mm. The acrylic acid fraction weighs 108-116 g. and
is 95-97%, pure according to acidimetric titration. The yield is
68-75%, based upon 1009, acrylic acid content (Notes 8 and 9).

If the acrylic acid is not to be used at once, it is stabilized by
the addition of hydroquinone and is stored in a refrigerator.

2. Notes

1. The middle third of the Pyrex tube should be packed with
20-mm. lengths of fire-polished 7-mm. Pyrex tubing. The lower
end of the tube is drawn out to a size that permits attachment to
the receiver with a rubber stopper.

2. A type FD303 combustion furnace (made and sold by the
Hoskins Manufacturing Company, Detroit, Michigan) or any
similar furnace is satisfactory.

3. A groove filed in the stopcock of the separatory funnel aids
in controlling the rate of addition. If available, a small constant-
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feed pump may be used to introduce the ester into the pyrolysis
tube. The rate of addition of the ester is not critical, but at
high rates cracking is incomplete and at low rates the yield is
reduced. A slow stream of nitrogen (100 bubbles per minute)
flowing through the tube reduces refluxing and makes the feed
rate easier to observe. The nitrogen may be introduced through
a tube in the stopper holding the separatory funnel or through
a side arm sealed near the upper end of the pyrolysis tube.

4. The temperature is measured by a movable Chromel-
Alumel thermocouple located in the furnace by the side of the
tube and connected to a potentiometer or millivoltmeter. The
thermocouple junction is adjusted so that during the run it is at
the hottest point in the furnace. For the Hoskins Company
furnace this point is about 9 in. from the top of the furnace.
The temperature is controlled manually to 590 =& 5° by means
of an autotransformer (Variac) rated at 5 amperes, 110 volts.

5. Commercial ethyl acrylate, containing hydroquinone in-
hibitor, may be used directly if it is of good quality.

6. The submitter used an insulated column with a 38 by
1.1 cm. section packed with l4-in. copper helices made of No. 26
B & S gauge copper wire. He states that a column packed with
glass helices is unsatisfactory. The checkers used a 100 by 1.7
cm. Vigreux column. Either type of column should be equipped
with a total condensation, partial take-off head.

7. Ethyl acrylate and acrylic acid polymerize easily, and
overheating must be avoided in the distillation. The flask is
heated in an oil bath which is not permitted to rise above 115°.
The diphenyl ether which is added serves to expel the acrylic
acid at the end of the distillation.

8. The submitter states that the product may be purified by
freezing and decanting the supernatant liquid several times.
The acrylic acid may be obtained in 979, purity by this method,
but it has a faint ycllow color. The yield is 50 to 60%.

9. The submitter states that methacrylic acid may be pre-
pared in a similar manner by pyrolyzing cthyl methacrylate.
Under the same conditions of temperature and feed rate, the
conversion s slightly  higher and the yield is about the
samc.
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II. ACIDOLYSIS METHOD

Hs504

CHy;=CHCO;CH;3 + HCO,H —=5
CHy=CHCO.H + HCO,CH;

Submitted by C. E. REEBERG.
Checked by ArtauR C. Copt and Ersert C. HERRICK.

1. Procedure

One hundred and eighty-four grams (151 ml., 4 moles) of formic
acid (Note 1), 1032 g. (1060 ml., 12 moles) of methyl acrylate
(Note 2), 30 g. of hydroquinone, and 2 ml. of sulfuric acid are
mixed in a 2-1. two-necked round-bottomed flask fitted with a
capillary inlet tube. The flask is attached to a 100 by 1.7 cm.
Vigreux column (Note 3) and is heated in an oil bath at 85-95°.
The mixture is heated under total reflux until the temperature
of the vapor at the still head falls to 32° (after 1-3 hours).
Methyl formate then is distilled slowly at 32-35° as long as it is
formed (8-10 hours). A reflux ratio of about 5 to 1 is maintained
during the first part of the distillation, which is decreased to total
take-off at the end. When no more methyl formate is produced,
the excess methyl acrylate is distilled at 32-35°/140 mm. with
the bath temperature at 60-65°. During the distillation, a slow
stream of carbon dioxide is admitted through the capillary inlet.
When all the methyl acrylate has been removed, the acrylic acid
is distilled at 53-56°/25 mm. Upon redistillation through the
same column (Note 4) acrylic acid of 979, purity (by acidimetric
titration) is obtained in a yield of 220-230 g. (74-78%, based
upon 100% acrylic acid content), b.p. 54-56°/25 mm.

2. Notes

1. Acetic acid may be used, but it reacts much less rapidly
and less completely, and fractionation of the reaction mixture is
more difficult. Pure formic acid (98-1009,) is preferred.

2. Commercial methyl acrylate may be used without purifica-
tion if it is of good quality.

3. Either a Vigreux column or a column containing an open
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spiral of copper or Nichrome wire is satisfactory. The col.umn
should be jacketed and fitted with a total condensation, variable
take-off head.

4. Hydroquinone or another polymerization inhibitor should
be added before distillation of acrylic acid or its esters.

3. Methods of Preparation

Acrylic acid free of water has been prepared by treating lead
acrylate with hydrogen sulfide;? by hcating «of (.Iiln-omo-
propionic acid with copper;? by dry distillation of a mixt ure (.;l'
equivalent amounts of sodium acrylate and g-chloropropionic
acid,* and by the two methods described in these preparations.®

1 Caspary and Tollens, Ann., 167, 252 (1873).

2 Wohlk, J. prakt. Chem., (2) 61, 212 (1900).

3 Biilmann, J. prakt. Chem., (2) 61, 491 (1900).

4 Riiber and Schetelig, Z. pkysik. Chem., 48, 348 (1004).

5 Ratchford, Rehberg, and Fisher, J. Am. Chem. Soc., B8, 1804 (1944),

m-AMINOBENZALDEHYDE DIMETHYLACETAL

(Benzaldehyde, m-amino-, dimethylacetal)

H(OCH . CHOCY), )
C ( 3)2 . —&) 2 " 2“,()

NO. NH,

Submitted by Roranp N. Ickk, C. E. Repemany, Buunerr B,
WISEGARVER, and GORDON A. ALLLs,
Checked by H. R. SNYDFR and IFRANK X. Wrilthiu

1. Procedure

In a 1-1. steel bomb ! arc placed 295 g. (1.5 moles) of m-nitro-
benzaldchyde dimethylacetal (p. 72), 250 ml. of technical an-
hydrous methanol, and 1 tablespoon of Rancy nickel entalyst,?
Hydrogen is introduced until the pressure is about 1000 b,
(Note 1).  The homb is heated to about 40°, at which point
the heating is discontinued and the shaker is started. The hy-
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drogenation soon becomes rapid as the temperature rises to
about 70° (Note 2). The bomb is refilled with hydrogen as
many times as necessary (Note 3). The theoretical amount of
hydrogen (4.5 moles) is absorbed in about 1.5 hours.

The bomb is cooled, the remaining hydrogen is discharged,
and the bomb is opened. The solution is transferred to a beaker,
and the bomb is rinsed with a little methanol which is added to
the solution. The catalyst is removed by filtration (Caution!
The catalyst may be pyrophoric), and most of the filtrate is trans-
ferred to a 500-ml. Claisen flask set on a steam bath for distilla-
tion of the methanol; the remainder of the filtrate is introduced
into the Claisen flask when the volume of the first portion has
been reduced sufficiently by distillation. After all the methanol
has been removed the aminoacetal is distilled under diminished
pressure. The yield of m-aminobenzaldehyde dimethylacetal,
a light-yellow liquid boiling at 123-124°/4 mm. or 110-112°/1.5
mm., is 168-196 g. (67-789).

2. Notes

1. The hydrogenation is similar to one described earlier.!
As the bomb does not contain enough hydrogen to complete the
reduction, more hydrogen should be admitted whenever the
pressure drops below 300 1b.

2. Because of the high heat capacity of the bomb the internal
temperature continues to rise (to about 70°) after the heater is
turned off. As the exothermic hydrogenation begins the temper-
ature rises to about 80°. The temperature should be kept below
85° to prevent hydrogenolysis of the acetal.

3. If the hydrogenation is started at a pressure of about
1500 Ib. in a 2.5-1. bomb it will not be necessary to introduce
more hydrogen. However, it may be necessary to stop the
shaker occasionally to prevent a temperature rise beyond 85°,

3. Methods of Preparation

This acetal has not been described previously. The corre-
sponding dicthylacetal has been prepared by the reduction of
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m-nitrobenzaldehyde diethylacetal with sodium sulfide * and by
the reaction of the anhydro compound of m-aminobenzaldehyde
with ethanolic hydrogen chloride and ethyl orthoformate.

L Org. Syntheses, 22, 9 (1942).

2 Org. Syntheses, 21, 15 (1941).

3 Haworth and Lapworth, J. Ckem. Soc., 121, 76 (1922).

4 Bottomley, Cocker, and Nanney, J. Ckem. Soc., 1937, 1891,

5-AMINO-2,3-DIHYDRO-1,4-PHTHALAZINEDIONE
(1,4-Phthalazinedione, 5-amino-2,3-dihydro-)

O
I
]
\NH
l + 3N3.2S204 + 4H20 -
\
NO, lC
i
C
ARSNT
| * ()NHIIS()a
N
N4
NH, (HI
0

Submitted by CARL T. RunpeMANN and C. IXRNiT REDIMANN,
Checked by Cuirr S, Hamirron and C. W. WiNTrR,

1. Procedure

In a 1-1. conical flask arc placed 52 g. (about 0.15 mole) of
the equimolecular mixture of S-nitro-2,3-dihydro 1,4 phthala-
zinedione (p. 78) and sodium sulfate (Note 1), 200 ml, of water,
and 75 ml. of 15 N ammonium hydroxide solution (wp. gr. 0.90).
The flask is stoppered and shaken until all, or very nearly all, of

5-AMINO-2,3-DIHYDRO-1,4- PHTHALAZINEDIONE 9

!

the solid has dissolved, and 84 g. (0.4 mole) of sodium hydro-
sulfite dihydrate (Note 2) is added in three portions. The solu-
tion becomes hot, the temperature sometimes reaching the boil-
ing point, and the dark orange-red color begins to fade. After
the spontaneous reaction has subsided the solution is boiled
gently for a few minutes and filtered to remove any insoluble
impurities. The filtrate is heated on a steam bath or over a
small flame for 30 minutes. During this time the 5-amino-2,3-
dihydro-1,4-phthalazinedione begins to separate as a light-yellow
flocculent precipitate or as a crust adhering to the walls of the
flask. The hot solution is made distinctly acid to litmus paper
with glacial acetic acid and allowed to stand overnight. The
yellow precipitate is separated by filtration, washed well with
cold water, and dried in a hot-air oven at 110° or below. The
dry material weighs 25-27 g. and melts with decomposition at
301-305° (Note 3).

This material is sufficiently pure for most purposes. The
chief impurities are small amounts of inorganic salts and a trace
of the unreduced nitro compound. If a purer product is desired
the crude material (5 g. per 100 ml.) is dissolved in hot 3 N hydro-
chloric acid, decolorizing carbon is added, the solution is filtered
promptly (Note 4), and the filtrate is made just faintly acid to
Congo red paper with concentrated ammonium hydroxide.
After the mixture has cooled to room temperature the pale
yellow flocculent precipitate is separated by filtration, washed
well with cold water, and dried in the oven at 100° or below.
The recovery in the crystallization is 70-75%, (Note 5), and the
product melts at 329-332° (Note 4).

2. Notes

1. No advantage is gained by using the purified nitro com-
pound.

2. The success of this reduction depends upon the quality of
the sodium hydrosulfite. The reagent should be taken from
a fresh bottle; material which has stood in the laboratory for
a long time probably has undergone oxidation.

3. The submitters used a Kullmann copper block for the



10 ORGANIC SYNTHESES

melting-point determinations. The melting point of the pure
material has been reported in the literaturc at various values
between 319° and 333°.

4. The 5-amino-2,3-dihydro-1,4-phthalazinedione should not
be exposed to the hot hydrochloric acid longer than necessary
since some hydrolysis appears to take place.

5. The percentage yield cannot be calculated with precision,
since the exact quantity of nitro compound in the mixture taken
for the reduction is unknown. The quantity of sodium hydro-
sulfite dihydrate employed is sufficient for the reduction of only
0.133 mole of nitro compound; the weight of the purified amino
compound corresponds to about 807 of the theorctical yield
calculated on the assumption that the hydrosulfite is the limiting
reagent.

3. Methods of Preparation

5-Amino-2,3-dihydro-1,4-phthalazinedione, also called luminol
and 3-aminophthalhydrazide, has been prepared from S-nitro-
2,3-dihydro-1,4-phthalazinedione by reduction with ammonium
sulfide ! or stannous chloride 2 and by catalytic hydrogenation
over palladium on charcoal in alkaline solution?® and by the
reaction of 3-aminophthalimide ? with hydrazine hydrate.

!t Huntress, Stanley, and Parker, J. Am. Chem. Soc., 58, 241 (1934).
2 Drew and Pearman, J. Chem. Soc., 1937, 30.
3 Wegler, J. prakt. Chem., 148, 135 (1937)

B-BENZOYLACRYLIC ACID i1

B-BENZOYLACRYLIC ACID
(Acrylic acid, p-benzoyl)

0
cEi—<¢? e OCH—CHCO,H
+ >o A, + HCl

CH—C\O

Submitted by Oriver Gruumirt, E. I. Becker, and C. MIESSE.
Checked by ArTHUR C. CoPE and CLAUDE F. SPENCER.

1. Procedure

In a 1-1. three-necked round-bottomed flask fitted with a
mercury-sealed stirrer and a reflux condenser are placed 34 g.
(0.347 mole) of maleic anhydride (Note 1) and 175 g. (200 ml.,
2.24 moles) of dry, thiophene-free benzene. Stirring is started,
and, when the maleic anhydride has dissolved, 100 g. (0.75 mole)
of anhydrous reagent grade aluminum chloride powder is added
in 6-8 portions through the third neck of the flask at a rate so
that the benzene refluxes moderately. The addition requires
about 20 minutes. The mixture is then heated under reflux on
a steam bath and stirred for 1 hour. The reaction flask is cooled
thoroughly in an ice bath, a 250-ml. dropping funnel is attached
to the third neck, and the mixture is hydrolyzed by adding 200
ml. of water with stirring and cooling (the first 50 ml. during
15-20 minutes and the balance in about 10 minutes), followed
by 50 ml. of concentrated hydrochloric acid (Note 2). Stirring
is continued for an additional 40 minutes, during which time it
may be necessary to use a spatula to scrape adhering particles
of the red-brown aluminum chloride addition compound from
the walls of the flask. ‘

The hydrolyzed mixture is transferred to a 1-1. Claisen flask,
the transfer of material being completed by rinsing with about
50 ml. of warm water. The flask is heated in a water bath at
50-60°, and the benzene and some watcer are distilled at 20-30
mm. pressure (Note 3). While the residue is still molten, it is
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transferred to a 1-1. beaker, and the flask is rinsed with 50 ml.
of warm water. After standing at 0-5° for 1 hour, the yellow
solid is collected on a suction filter and washed with a solution of
25 ml. of concentrated hydrochloric acid in 100 ml. of water and
then with 100 ml. of water. The washing is done most efficiently
by suspending the solid in the wash liquid, cooling to 0-5° with
stirring, and then filtering with suction. The preparation should
not be interrupted before this point (Note 3), at which stage the
crude acid may be air-dried overnight at room temperature if
desired. The crude product is dissolved in a solution of 40 g.
of anhydrous sodium carbonate in 250 ml. of water by warming
to 40-50° (Note 4), 2 g. of Celite or other filter aid is added, and
the solution is filtered with suction while warm. After the filter
has been washed with two 30-ml. portions of warm water, 2 g. of
Norite is added to the combined filtrates and the mixture is
heated at 40-50° for 10-15 minutes with frequent stirring, then
filtered with suction. The clear, yellow filtrate is transferred to
a 1-1. beaker and cooled to 5-10°, and 70 ml. of concentrated
hydrochloric acid is added dropwise with stirring. Efficient
cooling and stirring are necessary to avoid the precipitation of
the acid as an' oil. After being cooled to 0-5°, the mixture is
filtered with suction; the solid is washed with two 50-ml. por-
tions of cold water and then is dried in the oven at 50° for 12-36
hours to give 56-63 g. of light-yellow anhydrous g-benzoylacrylic
acid, m.p. 90-93° (Note 5). The crude acid may be crystallized
from benzene, using 12-15 ml. of benzene per 5 g. of acid and
cooling at 5-10° (Note 6) to give 4447 g. of g-benzoylacrylic
acid, m.p. 94-96° (Note 7). Concentration of the filtrate to
one-fourth to one-fifth of its original volume gives an additional
3-6 g., melting in the range 92-96°. The total yield is 49-52 g.
(80-85%,).

2. Notes

1. A good grade of commercial maleic anhydride was used,
m.p. 52-54°,

2. When B-benzoylacrylic acid is heated with dilute hydro-
chloric acid, g-benzoyllactic acid is formed, which makes the
purification of the product very difficult.! For this reason the
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mixture is well cooled during hydrolysis and the hydrochloric
acid is not added until the heat of the exothermic hydrolysis has
been dissipated.

3. The benzene solution of 8-benzoylacrylic acid is concen-
trated under reduced pressure to avoid overheating, and the
crude product is separated from aqueous hydrochloric acid with-
out long standing in order to minimize the possibility of forming
B-benzoyllactic acid (Note 2).

4. Heating a mixture of g-benzoylacrylic acid and excess
sodium carbonate causes hydrolysis to acetophenone and other
products, which decreases the yield and interferes with purifica-
tion of the product.2?

5. Before drying, the product is the monohydrate, m.p.
64-65° when pure. It is dried until it reaches constant weight
and has the melting point of the anhydrous acid.

6. The benzene solution should not be boiled longer than
necessary to dissolve the acid, because prolonged heating dis-
colors the product.

7. The evidence indicates that this is the frans form of
B-benzoylacrylic acid.#%¢ Inhalation of g-benzoylacrylic acid
dust should be avoided because of its sternutatory action.

3. Methods of Preparation

B-Benzoylacrylic acid has been prepared by the condensation
of acetophenone and chloral to 1,1,1-trichloro-2-hydroxy-3-benz-
oylpropane, followed by hydrolysis to the corresponding acid
and dehydration; 7 by the action of iodine, potassium iodide, and
sodium carbonate on y-phenylisocrotonic acid; 8 by bromination
of B-benzoylpropionic acid and subsequent dehydrohalogena-
tion; ! and by the action of phenylzinc chloride on maleic anhy-
dride.® The present method is based on the work of von Pech-
mann and others.? 101

1 Bougault, Ann. chim. phys., (8) 15, 491 (1908).

2 von Pechmann, Ber., 15, 885 (1882).

3 Bogert and Ritter, J, Am. Chem. Soc., 47, 526 (1925).
4 Lutz, J. Am. Chem. Soc., 62, 3405, 3423 (1930).
8Rice, J. Am. Chem. Soc., 52, 2094 (1930).

8 Lutz and Scott, J. Org. Chem., 18, 284 (1948).
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7 Koenigs and Wagstaffe, Ber., 26, 558 (1893).
8 Bougault, Compt. rend., 146, 140 (1908).

9 Tarbell, J. Am. Chem. Soc., 60, 215 (1938).
10 Garbriel and Colman, Ber., 82, 395 (1899).
u Oddy, J. Am. Chem. Soc., 45, 2156 (1923).

o-BROMOHEPTALDEHYDE

(Enanthaldehyde, a-bromo-)

CHg(CH,)4CH;CHO + (CHyCO)30 —0%,

CHj3(CH,)4CH=CHOCOCH; + CH3;COOH

CH3(CH,),CH=CHOCOCH; + Bry —
CH,(CH,),CHBrCHBrOCOCH;

CH3(CH,)sCHBrCHBrOCOCH; + 3MeOH —
CHg(CHz)quBICH(OMe)z + CH3OCOCH3 + HBr

CHg(CH,);CHBrCH(OMe); 4 Hy0 —=5
CH;(CH,)sCHBrCHO + 2MeOH

Submitted by PAUL Z. BEDOUKIAN.
Checked by Josera A. Parpararpo and CHARLES C. PRICE.

1. Procedure

Caution! Since most of the reactants are of unpleasant odor or
have lachrymatory effects it is best to use a good hood.

A. Heptaldehyde enol acetate. A mixture of 285 g. (335 ml.,
2.5 moles) of heptaldehyde (Note 1), 612 g. (566 ml., 6 moles)
of acetic anhydride, and 49 g. (0.5 mole) of powdered potassium
acetate is placed in a 2-l. flask fitted with a reflux condenser.
The flask is heated in an oil bath kept at 155-160° for 1 hour.
The mixture is then allowed to cool, placed in a 2-1. separatory
funnel, washed several times with warm water (Note 2) to
remove the excess acctic anhydride, and finally washed with 59,
sodium carbonate solution (Note 3). The resultant oil is frac-
tionated under reduced pressure through an eflicient column
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(Note 4). The initial fraction consists of pure heptaldehyde
followed by heptaldehyde containing heptaldehyde enol acetate.
The fraction boiling at 88-90°/17 mm. is pure enol acetate,
np 1.4295-1.4305; di° 0.880-0.884. The yield is 175-195 g.
(45-50%,) (Note 5).

B. a-Bromoheptaldehyde dimethyl acetal. A solution of 156
g. (177 ml., 1 mole) of the enol acetate and 200 ml. of carbon
tetrachloride is placed in a 1-1. flask and cocled in an ice-water
bath. A mixture of 160 g. (51 ml., 1 mole) of bromine and
50 ml. of carbon tetrachloride is added slowly through a buret,
the flask being constantly shaken and the rate of addition so
controlled as not to allow the temperature of the brominated
mixture to rise above 10° (Note 6). The addition of bromine
takes from 20 minutes to 1 hour, and the end point is reached
when the calculated amount is absorbed and the bromine is no
longer decolorized. The brominated mixture is added to 600 ml.
of anhydrous methanol (Note 7) and allowed to stand for 48
hours or longer. At the end of this period the mixture is diluted
with 2 1. of water and the separated oil (lower layer) is washed
with 1 1. of water and finally with 1 1. of 5%, sodium carbonate
(Note 8). The carbon tetrachloride and methyl acetate are
removed by distillation at atmospheric pressure. The residual
oil is then distilled under reduced pressure in the presence of
a small amount of sodium carbonate. The fraction boiling at
117-119°/17 mm. is collected as pure e-bromoheptaldehyde
dimethyl acetal, n} 1.4510-1.4520; d2° 1.180-1.195. The yield
is 191203 g. (80-859,) (Note 9).

C. a-Bromoheptaldehyde. A mixture of 119.5 g. (100 ml.
0.5 mole) of a-bromoheptaldehyde dimethyl acetal and 80 ml. of
concentrated hydrochloric acid is boiled gently in a 250-ml. dis-
tilling flask, and the methanol liberated is removed by distilla-
tion, which is continued slowly until the vapor temperature
reaches 90°, at which point the heating is stopped and the residue
and distillate are combined and diluted with 200 ml. of water.
The somewhat brownish oil which separates is distilled under
reduced pressure from a 250-ml. Claisen flask. The yield of
pure a-bromoheptaldehyde, boiling at 87-92°/17 mm., #%
1.4580-1.4600, di° 1.210-1.230, is 87-92.5 g. (90-95%).
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2. Notes

1. The heptaldehyde should be a freshly distilled product
boiling at 151.5-153.5°. -

2. Decomposition of the excess acetic anhydride takes place
very slowly and with difficulty unless warm water is used. The
checkers used three portions of wash water at 40-50°, total-
ing 1.3 1.

3. The checkers found that five or six portions of 59 sodium
carbonate totaling 5.1 were required before rapid carbon dioxide
evolution ceased.

4. The reaction mixture consists of unchanged heptaldehyde,
heptaldehyde enol acetate, heptaldehyde diacetate, and a small
amount of polymerized material. The proportion of free heptal-
dehyde and heptaldehyde diacetate depends upon the time of
heating, longer periods of heating favoring the formation of the
diacetate. An efficient fractionating column, preferably of the
Whitmore-Fenske type, should be used in order to obtain the
enol acetate free of the heptaldehyde and heptaldehyde diacetate
impurities. The checkers used a Whitmore-Fenske type column
of about six theoretical plates.

5. The residue consists largely of heptaldehyde diacetate,
which when slowly distilled at atmospheric pressure partially
decomposes to acetic anhydride and heptaldehyde. In this
manner, 50-609, of the available heptaldehyde is recovered
from the residue.

6. The checkers recommend a mechanical stirrer to avoid
danger of contact with bromine.

7. Commercial methanol (99.5-1009;) was used in all
experiments.

8. The acetal must be free of acid; otherwise decomposition
takes place during distillation.

9. The pure bromoacetal is a stable, colorless liquid, of mild
odor. It may be kept indefinitely when stored in a dark bottle
over a small amount of anhydrous sodium carbonate.
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3. Methods of Preparation

The procedure described is an example of a general method of
preparation of a-bromoaldehydes.! a-Bromoheptaldehyde has

‘been prepared by the bromination of heptaldehyde diethyl acetal

with phosphorus trichlorodibromide 2 and by direct bromination
of heptaldehyde trimer with subsequent treatment with alcohol.?

1 Bedoukian, J. Am. Chem. Soc., 66, 7 (1944).
2 Kirmann, Compt. rend., 184, 525 (1927); Ann. chim., (10) 11, 223 (1929).
8 Dworzak and Pfifferling, Monaish., 48, 251 (1927).
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tert.-BUTYLAMINE and fer{.-BUTYLAMINE
HYDROCHLORIDE

1. VIA tert.-BUTYLPHTHALIMIDE

H.S04

(CH;)3;COH + H,NCONH; —— (CH3)sCNHCONH, + H,0
O
(“:
N
(CHj3)3CNHCONH; + 0 —
Nl
I
O
O
lcl
N
NC(CHjs)s + CO; + NH;3
N
0 |
p: 0]
S/
NC(CH3)3 -4 HzNNHszO g
e
| (”)
C
\NH
(CH3)sCNH, + ILIH + H,0
ANV
C
I
(0]

(CH3)3CNH2 + HCl — (CHQ)JCNH&CI
(CHy)3CNH,Cl + NaOH — (CH,)4CNH; + NaCl 4+ H,0

Submitted by Lk Trvin Smrrn and Orivier H. EMirson.?
Checked by R, L, Surinek and Akne LANGSJOEN,
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1. Procedure

A. tert.-Butylurea (Note 1). In a 500-ml. three-necked flask
equipped with a fast mechanical stirrer, a 200-ml. dropping
funnel, and a thermometer is placed 193 g. (105 ml., 1.98 moles)
of concentrated sulfuric acid (sp. gr. 1.84). The flask is sur-
rounded by an ice bath, and 60 g. (1 mole) of finely powdered
urea is added slowly at such a rate that the temperature remains
between 20° and 25°. Then 148 g. (188 ml., 2 moles) of fert.-
butyl alcohol is added dropwise from the funnel at such a rate
that the temperature is maintained between 20° and 25° (Note
2). After the addition is completed the mixture is stirred for an
additional half-hour, allowed to stand at room temperature
overnight (about 16 hours) (Note 3), and then poured with stir-
ring on 1.5 kg. of cracked ice and water in a 4-1. beaker. Without
removal of the precipitate, the mixture is made alkaline to
Congo red indicator by adding slowly with stirring a solution of
sodium hydroxide (160 g. in 750 ml. of water). The mixture is
cooled with an ice bath to keep the temperature below 25°.
The mixture is stirred in the ice bath until the temperature falls
to about 15° (Note 4), at which point the precipitate is collected
on a 15-cm. Biichner funnel, washed with two 100-ml. portions
of cold water, and pressed and sucked as dry as possible. The
cake is transferred to a 2-1. beaker, and 500 ml. of water is added.
The mixture is heated to boiling and quickly filtered while hot
through an 8-cm. steam-heated Biichner funnel (Note 5) with
the aid of suction. The filtrate is cooled to 0-5° with occasional
stirring, and the white precipitate of fert.-butylurea is collected
on a 15-cm. Biichner funnel with suction and pressed as dry as
possible. After the product has been spread out on absorbent
paper and air-dried overnight (Note 6) there is obtained 36-39 g.
(31-33%) of tert.-butylurea melting at 180-182° (Note 7).

B. tert.-Butylphthalimide. Thirty-five grams (0.3 mole) of
tert.-butylurea and 100 g. (0.675 mole) of phthalic anhydride are
ground together in a mortar. The mixture is placed in a 1-L
Erlenmeyer flask which is then immersed in a metal bath pre-
viously heated to 200°. The mixture meclts and effervesces
vigorously; after 10 minutes the temperature of the bath is
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raised to 240° (internal temperature 220°) and held there for
5 minutes (Note 8). The flask is removed and cooled to 60-70°,
and 100 ml. of 959, ethanol is added to dissolve the contents
partially. A 209, solution of sodium carbonate is added until
the solution is alkaline to litmus paper, and the mixture is diluted
with water to 1 1. The solid is collected on a Biichner funnel
with the aid of suction and pressed as dry as possible. The filter
cake is warmed on a steam bath with 500 ml. of petroleum ether
(b.p. 60-70°) in a 1-1. flask, and the hot mixture is filtered. Any
water layer that may separate from the filtrate is removed, and
the filtrate is cooled to 25° and again filtered. The clear filtrate
is concentrated by distillation to about one-third of its original
volume and placed in a refrigerator overnight. The crystalline
material is collected on a filter, and as much as possible of the
solvent is removed by suction. After air drying, this first crop
weighs 4043 g. and melts at 58-59°. By concentration of the
filtrate an additional 2-4 g. may be obtained. The total yield of
tert.-butylphthalimide is 43-46.5 g. (72-76%).

C. tert.-Butylamine hydrochloride. In a 2-1. flask fitted with
an efficient bulb-type reflux condenser are placed 203 g. (1 mole)
of tert.-butylphthalimide, 1 1. of 95%, ethanol, and 59 g. (1 mole)
of 859, hydrazine hydrate. The solution is refluxed for 2 hours
and cooled, and concentrated hydrochloric acid (about 100 ml.)
is added until the solution is strongly acid to Congo red paper,
though a large excess of acid is avoided. The voluminous precipi-
tate of phthalhydrazide is collected on a 15-cm. Biichner funnel
with the aid of suction and washed with four 100-ml. portions of
959, ethanol. The combined filtrate and washings are concen-
trated under reduced pressure to a volume of 200 ml. About 11.
of water is added, any insoluble material is removed by filtra-
tion, and the filtrate is concentrated to about 300-350 ml. 1If any
additional insoluble material separates it is removed by filtra-
tion, and the solvent is completely removed by evaporation
under reduced pressure. This crude amine hydrochloride may
be converted to the free amine as described below or it may be
purified by solution in 500 ml. of absolute alcohol, the solution
being filtered and 500 ml. of dry cther being added to the filtrate.
The crude amine hydrochloride is collected on a filter; the solvent
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is removed by suction, and the residue is dissolved in hot absolute
ethanol using 5 ml. per gram of material; absolute ether (509 of
the volume of ethanol) is added, and the solution is cooled in
a refrigerator for several hours. All the ferf.-butylamine hydro-
chloride is collected on a Biichner funnel and dried in a vacuum
desiccator. It weighs 79-97 g. (72-889,) and melts with sub-
limation at 270-290°.

D. tert.-Butylamine. To 150 ml. of cold 409, solution of
sodium hydroxide is added 109.5 g. (1 mole) of fert.-butylamine
hydrochloride with stirring. The solution is saturated with
potassium carbonate (about 100-150 g.); the layer of amine is
separated and dried over 20 g. of sodium hydroxide pellets.
The product is distilled using an ice-cooled receiver, and the
fraction boiling at 44-46° is collected. If the purified amine
hydrochloride is the starting material for this step the yield
ranges from 65 g. to 69 g. (89-949,). When the crude amine
salt is employed, the yield is 46-60 g. (64-839,) (Note 9).

II. HYDROLYSIS OF fert.-BUTYLUREA

(CH3)3CNH2 + NH3 + N32C03

Submitted by D. E. Pearsox, J. F. BAXTER, and K N. CARTER.
Checked by R. L. SHRINER and CarviN N. WoLF.

1. Procedure

A 1-1. round-bottomed flask is charged with 60 g. (1.5 moles)
of sodium hydroxide pellets dissolved in 75 ml. of water, 70 g.
(0.6 mole) of tert.-butylurea, and 225 ml. of commercial ethylene
glycol. The flask is fitted with an efficient reflux condenser,
and a glass tube is led from the top of the condenser to a small
flask immersed in ice water (Note 10).

The mixture is refluxed gently for 4 hours (Note 11). The
flask is cooled and equipped for distillation, and the fraction
boiling at 40-60° is collected in an ice-cooled receiver. The
crude amine, including any collected in the trap, weighs 37-39 g.
It is dried overnight with 5-7 g. of sodium hydroxide pellets
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(Note 12) and then distilled, a 12 to 15-cm. fractionating column
(Note 13) and an ice-cooled receiver equipped with a soda-lime
tube being used. The fraction boiling at 44-46° amounts to
31-34 g. (71-78%) of tert.-butylamine; d;’ 0.699; 2y 1.3800.

2. Notes

1. This step may be omitted if a practical grade of fert.-
butylurea is purchased from the Eastman Kodak Company.
Since the commercial product may contain sodium sulfate and
di-fert.-butylurea it should be recrystallized from hot water,
about 1 L. of solvent being used for 100 g. of the urea.

2. The temperature of the mixture should be kept in the
range 20-25°. Higher temperatures lead to the formation of
diisobutylene, and at lower temperatures (15°) the urea does
not dissolve readily. Even at 25° the urea is usually not com-
pletely in solution. It has been found convenient to warm the
tert.-butyl alcohol to about 30-35° before placing it in the drop-
ping funnel. This avoids solidification in the stem (the melting
point of fert.-butyl alcohol is 25.5°).

3. Longer standing does not improve the yield.

4. If the temperature is allowed to fall below 15°, large
amounts of sodium sulfate decahydrate crystallize with the
product. If this happens it may be necessary to recrystallize
the fert.-butylurea several times.

5. The insoluble residue weighs 10~22 g. and consists of
di-fert.-butylurea which sublimes above 200° but melts in a
sealed tube at 243°. 1If several runs are being made, the di-iert.-
butylurea should be saved and dried. It may be converted to
tert.-butylphthalimide in 639, yields by heating with four equiv-
alents of phthalic anhydride under the same conditions as
specified for mono-fert.-butylurea.

6. The product should not be dried in an oven at elevated
temperatures, as it sublimes.

7. This material is pure enough for the next step. Melting
points cf 172° (dec.) and 183° are given in the Kterature?
Recrystallization from dilute cthanol gives long, white ncedles
melting at 182° (cor.), whereas use of 959, ethanol gives plates
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melting at the same temperature. The temperature of the
melting-point bath should be raised more rapidly than usual
since the product sublimes slowly above 100°.

8. Less rapid heating results in a diminished yield. The
reaction is usually completed after a total time of 15 minutes,
no further evolution of carbon dioxide or ammonia occurring.
Prolonged heating causes the formation of a colored product and
reduces the yield.

9. A similar series of reactions may be used to prepare fert.-
amylamine. The fert.-amylurea is produced in yields of 50—
58%, tort-amylphthalimide in yields of 63-729%, and fers.-
amylamine, b.p. 77-78°, in 879, yields (N. L. Drake and John
Garman, private communication).

10. If the water in the condenser is cold enough to prevent
loss of the amine the extra trap is unnecessary.

1. The fert.-butylurea gradually dissolves, and a gelatinous
mass of sodium carbonate forms.

12. If an aqueous layer forms it is separated and the amine
is dried with a fresh portion of 5 g. of sodium hydroxide
pellets.

13. The submitters and checkers used a Vigreux column.

3. Methods of Preparation

tert.-Butylurea has been prepared by the action of fert.-
butyl bromide upon a mixture of urca and white lead; 2 by the
action of fert.-butylamine upon potassium cyanate;? in small
amounts, by heating N-ierf.-butylurethan with alcoholic am-
monia.* The method given above is a modification of a general
method for preparation of alkyl ureas, described by Harvey and
Caplan in a patent 4

tert.-Butylphthalimide is a new compound. The procedure
given here is based upon a general procedure for conversion of
alkyl ureas to phthalimides, as described by Manske.s

In addition to the methods cited under the preparation of
lert-butylamine by hydrogenolysis of 2,2-dimethylethyl-
eneimine ¢ its formation from trimethylacetamide and trimethyl-
acetazide 7 should be mentioned. The preparation of fert.-
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butylamine via ferf.-butylphthalimide is a modification ® of a
general procedure for the cleavage of alkylphthalimides to
amines described by Ing and Manske.® The alkaline hydrolysis
of lert.-butylurea has been published.!®

! Work done under a contract with the Office of Scientinc Research and Devel-
opment,

2 Schneegans, Arck. Pharm., 231, 677 (1893).

3 Brander, Rec. trav. chim., 37, 67 (1917).

¢ Harvey and Caplan, U, S. pat. 2,247,495 [C.4., 35, 6267 (1941)].

§ Manske, J. Am. Ckem. Soc., 51, 120%1929) ; Tingle and Brenton, J. Am.
Chem. Soc., 82, 116 (1910).

8 Org. Syntheses, 27, 12 (1947).

? Biihler and Fierz-David, Helv. Chim. Acta, 26, 2135 (1943).

8 Smith and Emerson, J. Am. Chem. Soc., 67, 1862 (1945).

9 Ing and Manske, J. Chem. Soc., 1926, 2348.

10 Pearson, Baxter, and Carter, J. Am. Ckem. Soc., 70, 2290 (1948).

CATALYST, RANEY NICKEL
(With High Contents of Aluminum and Adsorbed Hydrogen)

NiAl, 4+ 6NaOH — Ni 4 2NagAlO3 + 3H,

Submitted by Harry R. Bririca and HoMER Apxixs.
Checked by ARTHUR C. CoPE and HAROLD R. NACE.

Caution: The Raney nickel catalysts described below cannot be
used safely under all conditions of temperature, pressure, and ratio
of catalyst to hydrogen acceptor which are employed with less active
wickel catalysts. They are particularly effective for low-pressure
kydrogenations. No difficulty has been encountered in their use at
temperatures below 100°, or above 100° if the raiio of catalyst to
possible hydrogen acceptor is 59, or less. Outside these limits
thetr use sometimes has led o reactions proceeding with violence.
In one case a kydrogenation proceeding at 125° and 5000 lb. showed
a pressure rise to considerably more than 10,000 1b. before the re-
action could be stopped or the pressure released. Scvcral instances
of sudden incrcases in pressure have been noted when 10-15 g. of
catulyst was used with a similar amount of hydrogen acceplor in
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100 ml. of ethanol in the temperature range of 100-150° under 5000
1b. of hydrogen in a bomb of 270 n. void. Accordingly the catalysis
should be used with caution for high-pressure hydrogenations.

1. Procedure

W-6 Raney ngckel catalyst. In a 2-1. Erlenmeyer flask
equipped with a thermometer and a stainless-steel stirrer are
placed 600 ml. of distilled water and 160 g. of ¢.p. sodium hydrox-
ide pellets. The solution is stirred rapidly and allowed to cool
to 5Q° in an ice bath equipped with an oveMlow siphon. Then
125 g. of Raney nickel-aluminum alloy powder is added in small
portions during a period of 25-30 minutes. ‘The temperature is
maintained at 50 & 2° by controlling the rate of addition of
the alloy to the sodium hydroxide solution and the addition of
ice to the cooling bath. When all the alloy has been added, the
suspension is digested at 50 & 2° for 50 minutes with gentle
stirring. It is usually necessary to remove the ice bath and
replace it with a hot-water bath to keep the temperature con-
stant. After this period of digestion the catalyst is washed with
three 1-1. portions of distilled water by decantation (Note 1).

A glass test tube approximately 5.1 cm. in diameter and 38
cm. in length with a side arm sealed 6 cm. from the top is used
as the container for washing the catalyst. The tube is closed
with a rubber stopper clamped or wired in place tightly enough
to withstand a gas pressure of 0.5 atmosphere. The stopper
contains three holes through which extend: (1) a tube 10 mm. in
diameter reaching to the bottom of the test tube, for admitting
distilled water; (2) a T-tube for equalizing gas pressures; (3) a
gas-tight bushing through which the 1£-in. shaft of a stainless-
steel stirrer projects to the bottom of the washing tube. A 5-l.
aspirator bottle containing distilled water is so placed that water
will flow from it through a stopcock to the bottom of the washing
tube. The side arm of the test tube is connected by pressure
tubing to a 5-1. aspirator bottle that serves as an overflow from
which the water may be allowed to flow through a stopcock to
a drain. A source of distilled water is connected to the reservoir.
Other conncctions and the gencral arrangement of the apparatus
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are shown in Fig. 1, and details of the construction of the gas-
tight brass bushing are given in Fig. 2. Rubber pressure tubing
and stoppers used in making the connections should be boiled
with 59, sodium hydroxide and rinsed with water to remove

Distilled water inlet

e
Distilled water
reservoir
- Hydrogen
R inlet
TRl -
Catalyst
|- washing T— | &~ Manometer
chamber
A
Overflow
bottle
: Water outlet
C: O_ 5 —

% Z

Fic. 1. Apparatus for washing catalyst. It is more convenient to have the
inlet tube for wash water sealed into the bottom of the chamber rather than intro-
duced through the stopper as shown.

sulfur. All connections should be wired in place to withstand a
pressure of 0.5 atmosphere (7.5 1b.).

The catalyst sludge is transferred to the washing tube imme-
diately after its third washing by decantation. The last portions
are rinsed from the flask into the washing tube with distilled
water, and the tube, reservoir, and overflow bottle are nearly
filled with distilled water. The apparatus is assembled rapidly,
and hydrogen is introduced through the inlet while most of the
water in the overflow bottle is displaced through the outlet.
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The outlet then is closed, and hydrogen is admitted until the

water in the reservoir, washing tube,
and overflow bottle is under a pressure
about 0.5 atmosphere above that of
the outside atmosphere. The stirrer
is operated at such a speed that the
catalyst is suspended to a height of
18-20 cm. Distilled water from the
reservoir is allowed to flow through
the suspended catalyst at a rate of
about 250 ml. per minute. When the
reservoir is nearly empty and the
overflow bottle full, the drain cock
and distilled-water inlet are opened
simultaneously to an equal rate of
flow such that, as the overflow bottle
empties, the reservoir is filled, while
the pressure in the system remains
constant,

After about 15 1. of water has
passed through the catalyst, the stirrer
and the flow of water are stopped,
the pressure is released, and the appa-
ratus disassembled. The water is de-
canted from the settled sludge, which
is then transferred to a 250-ml. cen-
trifuge bottle with 959, ethanol. The
catalyst is washed three times by stir-
ring, not shaking, with 150-ml. por-
tions of 959, ethanol, each addition
being followed by centrifuging. In
the same manner, the catalyst is
washed three times with absolute
ethanol. One to two minutes’ cen-
trifugation at 1500-2000 r.p.m. is
sufficient to separate the catalyst.
All operations should be carried out
as rapidly as possible if a catalyst of

t
Shaft (4), 0.25”
Ve (4)
Cone (B)
<~ Set screw (E)

| ~—Bushing (C)

Rubber
stopper

(D)

Fic. 2. Gas-tight brass
bushing. The gas-tight bush-
ing for the shaft of the stirrer
consists of three parts: two
cones (B) which fit the shaft
snugly and are attached to it
by set screws (E); and a bush-
ing (C) so cut that the cones
fit into it at top and bottom.
The two cones are placed on
shaft (4) of the stirrer, above
and below the bushing and
attached to the shaft so that
they fit sougly against the
bushing. A gas-tight seal is
obtained by placing a drop or
two of heavy lubricating oil
between each cone and the
bushing. The over-all dimen-
sions of the bushing are ap-
proximately 13 by 65 mm., and
it i3 held in a rubber
stopper (D).



28 ORGANIC SYNTHESES

the maximum activity is desired. The catalyst should be kept in
a closed bottle filled with absolute ethanol and should be stored
at once in a refrigerator. The total elapsed time from the be-
ginning of the addition of the alloy to the completion of the
preparation should be not more than about 3 hours (Notes 2, 3,
and 4).

2. Notes

1. The procedure in the preparation of W-7 Raney nickel,
after the digestion and the three decantations, is to transfer the
catalyst to a 250-ml. centrifuge bottle with 959, ethanol. It is
then washed three times by stirring, not shaking, with 150-ml.
portions of 95%, ethanol, with centrifuging after each addition.
In the same manner, the catalyst is washed three times with
absolute ethanol and is at once stored in a refrigerator in a closed
bottle filled with absolute ethanol. The catalyst so prepared
contains alkali. This may be advantageous for various reasons
in the hydrogenation of ketones, phenols, and nitriles. In certain
cases the alkali may have a harmful effect upon a hydrogenation.

2. The volume of the settled catalyst (W-6) in ethanol is
about 75-80 ml. containing about 62 g. of nickel and 7-8 g. of
aluminum. The catalyst is extremely pyrophoric when ex-
posed to the air in a dry condition, and it should be kept wet
with solvent at all times. It amounts to about 28 “half teaspoon-
fuls” if it is so measured. The catalyst loses some of its special
activity upon standing but seems to be quite active for ahout
2 weeks when stored in a refrigerator. After this period it is
similar in activity to the Raney nickel made by an earlier pro-
cedure.! The W-3 to W-7 catalysts all lose their special activity
rather rapidly when stored under water.

3. A somcwhat less active but nevertheless excellent catalyst,
referred to as W-5, is made by the procedure described above for
W-6 except that it is washed at atmospheric pressure without
the addition of hydrogen to the system. The W-5 catalyst is
similar in method of preparation and activity to the W-4 Raney
nickel catalyst as prepared by Pavlic.?

4. Rancy nickel, prepared by the procedure described for
W-6, will bring about the hydrogenation of alkyne and alkene
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linkages, of aldehydes, ketones, oximes, nitriles, nitro compounds,
and benzenoid and pyridinoid nuclei under the conditions of
temperature and pressure normally employed with platinum and
palladium catalysts.® At higher pressures W-6 Raney nickel
brings about reactions at a more rapid rate and at lower temper-
atures than Raney nickel prepared by the older procedures.

3. Methods of Preparation

The various procedures for the preparation of Raney nickel ¢
from the nickel-aluminum alloy differ from one another in the
method of adding the alloy, in the concentration of sodium
hydroxide, in the temperature and duration of digestion, and in
the method of washing the catalyst free of sodium aluminate and
alkali. For convenience in reference, the Raney nickel catalysts
prepared by various procedures have been designated W-1,5
W-2,! W-3,2¢6 W-4,2¢ W-52 W-6,* and W-7.2 - They have been
compared as to activity against g-naphthol.” A Raney nickel
catalyst is available commercially from the Gilman Paint and
Varnish Company, Chattanooga, Tennessee.

1 Org. Syntheses, 21, 15 (1941).

2 Pavlic and Adkins, J. Am. Chem. Soc., 68, 1471 (1946).

3 Adkins and Billica, J. Am. Chem. Soc., 70, 695 (1948).

4 Murray Raney, U. S. pat. 1,628,190 [C.4., 21, 2116 (1927)].
5 Covert and Adkins, J. Am. Chem. Soc., 54, 4116 (1932).

8 Adkins and Pavlic, J. Am. Chem. Soc., 69, 3039 (1947).

7 Adkins and Krsek, J. Am. Chem. Soc., 70, 412 (1948).
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4-CHLOROBUTYL BENZOATE

(1-Butanol, 4-chloro-, benzoate)

CH;—CHa, ZnCly
CGH5COC1 + I I _—> CGH5C02(CH2)4C1
CH; CH,
N/
¢}

Submitted by MARTIN E. SYNERHOLM.
Checked by ArtUR C. CoPE and Jamrs J. Rvan.

1. Procedure

In a 200-ml. round-bottomed flask fitted with an efficient
reflux condenser are mixed 31.4 ml. (38 g., 0.27 mole) of freshly
distilled benzoyl chloride, 28.2 ml. (25 g., 0.35 mole) of tetra-
hydrofuran (Note 1), and 5 g. of freshly fused zinc chloride.
A vigorous reaction begins immediately, and after a few seconds,
when the mixture starts to boil, external cooling is applied with
an ice bath. After the initial reaction has subsided, the mixture
is heated on a steam bath for 15 minutes, cooled, and dissolved
in 100 ml. of benzene. The benzene solution is washed with
100 ml. of a 39, solution of sodium chloride and then with 100
ml. of a saturated solution of sodium bicarbonate. The benzene
layer is dried over anhydrous sodium sulfate and fractionally
distilled from a modified Claisen flask.

The product is collected at 140-143°/5 mm., 132-135°/2.5
mm.; n5 1.5176 (Note 2). The yield is 4548 g. (78—83%)

2. Notes

1. Good-quality commercial tetrahydrofuran may be used as
received, or redistilled; b.p. 65-66°.

2. The product develops a slight yellow tint on %lan(lmg
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3. Methods of Preparation

4-Chlorobutyl benzoate has been prepared by the action of
benzoyl chloride on tetrahydrofuran in the presence of titanium
chloride, stannic chloride,! or zinc chloride.?

! Gol’dfarb and Smorgonskii, J. Gen. Chem. U.S.S.R., 8, 1516 (1938) [C.4., 33,
4593 (1939)].

% Cloke and Pilgrim, J. Am. Chem. Soc., 81, 2667 (1939).

2-CHLOROMETHYLTHIOPHENE
(Thiophene, 2-chloromethyl-)

| I+CH20+HCI—>E | +
[ ] ]CHzcl
S S

Submitted by K. B. Wiserc and H. F, McSHANE.
Checked by Crrrr S. HAmirtoN and J. L. PAUuLEY.

1. Procedure

Caution! The procedure should be carried out under a hood
since the product is lachrymaiory.

In a 2-1. beaker surrounded by an ice-salt bath (Note 1),
and fitted with a mechanical stirrer and a thermometer, are
placed 420 g. (392 ml., 5 moles) of thiophene (Note 2) and 200
ml. of concentrated hydrochloric acid. A rapid stream of hydro-
gen chloride (Note 3) is passed continuously into the mixture
with vigorous stirring. When the temperature reaches 0°, 500
ml. of 379, formaldehyde solution (Note 4) is added at a rate
that will permit the temperature to remain below 5°. The
addition requires about 4 hours. When all the formaldehyde
solution has been added, the mixture is extracted with three
500-ml. portions of ether. The ether extracts are combined,
washed successively with water and saturated sodium bicar-
bonate solution, and then dried over anhydrous calcium chloride.
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The solvent is removed by distillation, and the product is dis-
tilled under reduced pressure through a 50-cm. fractionating
column (Note 5). The product boiling at 73-75°/17 mm. is
collected. The yield is 257-267 g. (40-419%) of a colorless oily
liquid (Note 6).

2. Notes

1. The checkers preferred to use a Dry Ice bath or to add
Dry Ice to the reaction mixture as needed.

2. The thiophene used by the submitters was that supplied
by the Socony-Vacuum Oil Company. It was used without any
additional purification.

3. A satisfactory hydrogen chloride generator has been
described earlier.!

4. The apparatus should be set up in a hood, for, although
nearly all the hydrogen chloride is absorbed, a small amount
does escape. . The rate of addition of hydrogen chloride should
be such that nearly complete absorption is maintained at
all times.

According to the submitters paraformaldehyde (165 g., 5.5
moles) may be substituted for the formaldehyde solution. This
modification affords an easier control of the temperature. How-
ever, paraformaldehyde does not react to any appreciable extent
below 0°, and so the temperature should be kept between 0°
and 5°. The reaction time is 6-8 hours, and the yield is un-
changed.

5. A Vigreux column was used by both the submitters and
checkers.

6. Some bis(2-thienyl)methane may be obtained from the
residue at 125-126°/9 mm. When recrystallized from methanol
it melts at 46-47°.

It is advisable not to store the chloromethylthiophene for
any length of time, as it has a tendency to decompose. However,
if it is to be stored, it is best kept cold, and in the dark. If the
product is to be used for the preparation of 2-thiophenaldehyde,
it is convenient to convert it to the stable hexamethylenetetram-
monium salt, for storage.
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3. Methods of Preparation

2-Chloromethylthiophene has been prepared by the action of
hydrogen chloride on 2-thienylcarbinol 2 and by the action of
hydrogen chloride and formaldehyde on thiophene.® The above
procedure is essentially that of Blicke and Burckhalter.?

1 Org. Syniheses, Coll. Vol. 1, 534 (1941).
% Biedermann, Ber., 19, 636 (1886).
3 Blicke and Burckhalter, J. Am. Chem. Soc., 64, 477 (1942).

y-CHLOROPROPYL ACETATE

(1-Propanol, 3-chloro-, acetate)

+
CH3COOH + HOCH,CH,CH,CI
CH,COOCH,CH,CH,Cl + Hy0

Submitted by C. F. H. ALten and F. W, SPANGLER.
Checked by M1LLARD SEELEY and C. R. NOLLER.

1. Procedure

A 11 round-bottomed flask is fitted with a 30-cm. Vigreux
column (Note 1) connected to a condenser. The condenser leads
to an automatic separator arranged so that the lighter liquid is
returned to the flask.! In the flask is placed a mixture of 189 g.
(167 ml., 2 moles) of trimethylene chlorohydrin? 180 g. (172
ml., 3 moles) of glacial acetic acid, 300 ml. of benzene, and 2 g.
of p-toluenesulfonic acid monohydrate. The mixture is refluxed
at such a rate that the temperature at the top of the column
remains at 69° (boiling point of benzene-water azeotrope) during
the time the greatest amount of water is distilling, and rises
gradually to 80° (boiling point of benzene-acetic acid azeotrope)
as the last of the water is removed. The volume of the aqueous
layer collected varies with the temperature of the vapors and the
length of time required for distillation, but it is approximately
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50 ml. at the end of the reaction; the time required is 7-9 hours
(Note 2).

The solution is cooled, then washed successively with two
500-ml. portions of 109, sodium carbonate solution, one 500-ml.
portion of water, and one 100-ml. portion of saturated sodium
chloride solution. The wash solutions are extracted successively
with one 100-ml. portion of benzene, which is added to the main
benzene solution. After removal of the benzene the ester is
distilled at atmospheric pressure through a 30-cm. asbestos-
wrapped Vigreux column, the fraction boiling at 166-170°, #2>
1.4295, being collected. The yield of colorless product is 257-
260 g. (93-959%,).

2. Notes

1. The submitters prefer to use the Clarke-Rahrs ester col-
umn,? for which they claim two distinct advantages: (1) dehydra-
tion requires no attention beyond occasionally noting the amount
of distillate—when no more aqueous layer separates the reaction
is over; (2) reagents do not nced to be dry—any water present is
removed during the heating.

2. Titration of an aliquot portion of the aqueous layer with
standard alkali will give the amount of acetic acid carried over,
from which the amount of water can be determined. The ex-
pected amount of water is 36 ml.

3. Methods of Preparation

v-Chloropropyl acetate has been prepared by heating 1-
bromo-3-chloropropane and potassium acetate in glacial acetic
acid,* and by the action of acetyl chloride on trimethylene
chlorohydrin.5 6

L Org. Syniheses Coll. Vol. 1, 422 (1941).

2 Org. Syniheses Coll, Vol, 1, 533 (1941).

8 Synthetic Org. Chemvicals, Vol. IX, No. 3, Eastman Kodak Company, May,
1936.

4 Henry, Bull, acad. roy. Belg., 1906, 738 [C.A., 1, 1969 (1907)}.

5 Derick and Bisscl, J. Am. Chem. Soc., 88, 2483 (1916).

8 Lespicau, Bull. soc. chim. France, 7, 254 (1940),
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2,6-DICHLOROPHENOL
(Phenol, 2,6-dichloro-)
(A) (p)HOCaH4COgC2H5 + 2S02012 —

OH
Cl” \Cl
+ 280, + 2HCI
CO,C,Hj
OH OH
Cl” \Cl gou  ClIZ \Cl
B) + H:0 —— g + C,H;0H
COC,H; CO.H
OH OH
Cl” NCl Heat  Cl7 N\Cl
© CaHuN(CH); + CO;
CO.H

Submitted by D. S. TarseLL, J. W. WiLsoN, and Paur E. FaNTa.
Checked by R. L. SurINER and ArNE LANGS]JOEN.

1. Procedure

A. Ethyl 3 5-dichloro-4-hydroxybenzoate. A tared 2-l. round-
bottomed flask is equipped with an efficient rcflux condenser
connected through a calcium chloride drying tube to a gas-
absorption trap, and is set up on a steam bath in a hood. In the
flask are placed 250 g. (1.5 moles) of ethyl 4-hydroxybenzoate
(Note 1) and 444 g. (266 ml., 3.3 moles) of sulfuryl chloride.
The mixture is warmed on the steam bath (gently at first) until
gas is no longer evolved (about 1 hour). Then 50 ml. of sulfuryl
chloride is added to the reaction flask, and the warming is con-
tinued until gas is no longer evolved. This entire chlorination
procedure requires about 1.5 hours.  The excess sulfuryl chloride
is then removed by attaching a water pump through an empty
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safety flask to the reaction flask and warming on the steam
bath until no evidence of vapor can be detected above the white
solid in the reaction flask. The residue in the flask should
weigh about 350 grams (Note 2). Recrystallization from a
mixture of 600 ml. of ethanol and 140 ml. of water gives 315-334
g (83-889) of ethyl 3,5-dichloro-4-hydroxybenzoate hydrate
(Note 3) melting at 110-114° with decomposition.

B. 3,5-Dichloro-4-kydroxybenzoic acid. In a 2-1. round-
bottomed flask equipped with a reflux condenser and set upon a
steam bath are placed 315 g. (1.25 moles) of ethyl 3,5-dichloro-
4-hydroxybenzoate hydrate and 600 ml. of Claisen’s alkali
(Note 4). Saponification is brought to completion by heating
on the steam bath for 1 hour. A yellow homogeneous solution
results which is diluted with 400 ml. of water and acidified to
Congo red paper by pouring it into a rapidly stirred solution of
320 ml. of concentrated hydrochloric acid and 380 ml. of water
in a 4-1. beaker. The thick white slurry is then cooled to 0-10°;
the acid is collected on a 20-cm. Biichner funnel and washed
with two 250-ml. portions of cold water (Note 5). After being
freed from as much water as possible by suction, the filter cake
is broken up and dissolved in a boiling mixture of 1 1. of ethanol
and 350 ml. of water. Cooling to 0° gives the first crop of
crystals, weighing about 200 g. Concentration of the mother
liquors to 750 ml. and cooling to 0° yields an additional 40-50
g. of product of equal purity. After drying in an oven at 85-95°
for 8 hours, the white crystalline acid weighs 240-250 g. (93-97%,)
and melts at 266-268°.

C. 2,6-Dichlorophenol. A mixture of 250 g. (1.2 moles) of
dry 3,5-dichloro-4-hydroxybenzoic acid and 575 g. (600 ml.,
4.8 moles) of redistilled dimethylaniline is placed in a 2-l. round-
bottomed flask provided with a thermometer and a short air-
cooled condenser and is heated slowly in an oil bath. Evolution
of gas commences at 130° and is vigorous at 150°. The solution
is heated at 190-200° for 2 hours or until the evolution of gas
has ceased. After cooling, the solution is poured by portions
into 600 ml. of concentrated hydrochloric acid in a 3-l. separa-
tory funnel, with cooling from time to time by holding the
funnel under a stream of cold water.  When the solution is
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thoroughly cooled and acid to Congo red paper, the phenol is
extracted with three 250-ml. portions and three 100-ml. portions
of cther (Note 6). The combined ether extracts are washed with
15 ml. of 6 N hydrochloric acid, dried overnight over 20 g. of
anhydrous sodium sulfate, and filtered into a 2-1. Claisen flask,
and the ether is removed by distillation. After cooling, the
residue begins to solidify, and 500 ml. of petroleum ether (40-60°)
is added. After the phenol has been brought into solution by
refluxing gently on the steam bath it is poured into a 1-1. beaker
and cooled to 0°. A crop of white crystals (130-140 g.) is col-
lected, having a melting point of 64.5-65.5°. By concentration
of the mother liquor to 200 ml., a second crop (25-40 g.) melting
at 64-65° can be collected. The total yield amounts to 157-
180 g. (80-919,) (Note 7).

2. Notes

1. The ethyl 4-hydroxybenzoate was obtained from the
Eastman Kodak Company and melted at 115.5-116°,

2. If the product weighs much less than 350 g. at this point,
an additional 50 ml. of sulfuryl chloride should be added and the
heating continued until gas is no longer evolved.

3. The ester crystallizes from dilute alcohol as the mono-
hydrate; after long drying in a vacuum desiccator over phos-
phorus pentoxide, it melts at 111-112°,

4. Claisen’s alkali is prepared by dissol(zing 350 g. of potas-
sium hydroxide in 250 ml. of water, cooling, and diluting to 1 1.
with methyl alcohol.

5. If the acid is dried completely at this point it contains
about 59, potassium chloride. The submitters state that re-
crystallization is unnecessary if the acid is to be used in Part C.

6. The aqueous layer should be saved. Low yields are due
to incomplete extraction of the 2,6-dichlorophenol. If the final
yield is low, the aqueous layer should be extracted with three
100-ml. portions of ether and the product recovered by following
the procedure outlined.

7. If the product is colored or low melting it may be purified
further by recrystallization from 600 ml. of petroleum ether
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(40-60°) containing about 4 g. of Norite. By cooling and concen-
trating, 170-1¥5 g. may be recovered (m.p. 65-66°) from 180 g.
of crude product.

3. Methods of Preparation

2,6-Dichlorophenol has been prepared by the chlorination of
phenol with chlorine gas in the presence of nitrobenzene and
fuming sulfuric acid,! by the decomposition of the diazotate of
2,6-dichloro-4-aminophenol,> and by the decarboxylation of
3,5-dichloro-4-hydroxybenzoic acid in quinoline® or dimethyl-
aniline *

1 Huston and Neeley, J. Am. Chem. Soc., 57, 2177 (1935).

2 Seifart, Ann., Spl., 7, 203 (1870),

3 Blicke, Smith, and Powers, J. Am. Chem. Soc., 54, 1467 (1932).
4 Tarbell and Wilson, J. Am. Chem. Soc., 64, 1066 (1942).

a,a-DIPHENYLACETONE
(2-Propanone, 1,1-diphenyl-)

CoHsCH,COCH; + Br —— CoH,CH(Br)COCH, + HBr
CeH;CH(Br)COCH; + CoHg —2% (CeHs)sCHCOCH; + HBr

Submitted by EVERETT M. ScHULTZ and SALLY MICKEY,
Checked by Epwarp T. CLINE and R. S. SCHREIBER.

1. Procedure

A. a-Bromo-a-phenylacetone. A 1-1. threenecked flask is
equipped with a sealed stirrer (Note 1), a dropping funnel, and
a water-cooled reflux condenser provided with a short inverted
U tube on the open end; the equipment is assembled in the hood.
In the flask are placed 200 ml. of dry, thiophene-frce benzene
(Note 2) and 37 g. (36.89 ml., 0.276 mole) of phenylacctone (Note
3). The stirrer is started, and 45 g. (14.42 ml., 0.28 molc) of re-
agent bromine is added dropwise during a period of 1 hour. The
reaction mixture first becomes cloudy but changes to a clear
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orange-red solution by the time all the bromine is added. After
the addition of bromine is complete, a rapid stream of dry
nitrogen or carbon dioxide is passed through the solution by means
of an inlet tube which now replaces the dropping funnel. The
hydrogen bromide issuing from the inverted U tube at the top
of the condenser may be trapped in water in an Erlenmeyer
flask or other container adjusted so that the water surfacc is
about 1 cm. below the outlet of the tube. The reaction is com-
plete when no more hydrogen bromide fumes can be detected
in the gas issuing from the condenser. This operation requires
3-6 hours. During this period the reaction mixture becomes
yellow to green in color. The benzene solution of a-bromo-
a-phenylacetone is then transferred to a dry 500-ml. separatory
funnel (Note 4).

B. «,a-Diphenylacetone (Note 5). The reaction flask used
in A is again equipped as it was originally, and in it are placed
75 g. (0.56 mole) of anhydrous aluminum chloride (Note 6) and
150 ml. of dry benzene (Note 2). The stirrer is started, and the
flask is heated by means of a steam bath so that the benzene
boils gently. The benzene solution of a-bromo-a-phenylacetone
(Part A) is added dropwise from the separatory funnel to the
boiling mixture over a period of 1 hour. After the addition is
complete, the almost black reaction mixture is heated to boiling
for an additional hour, then cooled and poured with stirring
onto 500 g. of crushed ice and 100 ml. of concentrated hydro-
chloric acid contained in a 2-1. beaker. The deeply colored
benzene solution gradually becomes orange-yellow. When the
ice has melted, the benzene layer is separated and the aqueous
layer is extracted with three 50-ml. portions of ether. The com-
bined ether and benzene solution is washed with 100 ml. of water
and then with 100 ml. of saturated sodium bicarbonate solution.
After the solution has been dried for at least 1 hour over 60 g. of
anhydrous sodium sulfate, the solvents are evaporated on a steam
bath until the solution no longer boils. The dark residue is
transferred to a 250-ml. Claisen flask equipped for reduced-
pressure distillation and having a receiver fused to the side arm
(Note 7). The residual benzene is first distilled at 19-20 mm.
while the flask is being heated on a stcam bath. The steam bath
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is replaced by an oil or metal bath which is gradually heated to
190°. A small fore-run of yellow oil which darkens rapidly is
collected. It is removed from the receiver by siphoning and
rinsing with acetone. The bath is allowed to cool to 100-120°,
the system is evacuated with an oil pump (Note 8), and the
diphenylacetone is distilled. The bulk of the material boils at
142-148°/2-3 mm. The distillate may solidify in the receiver
(Note 9). The crude product is triturated with just sufficient
petroleum ether (b.p. 35-60°) to moisten it, cooled in an ice-
water bath, collected on a filter, and washed on the filter with
small amounts of petroleum ether at 0-5° until nearly colorless.
The amount of petroleum ether used up to this point should not
exceed 50 ml. The product is then crystallized from petroleum
ether using 8 ml. of solvent per gram of crude, dry solid. The
hot solution is allowed to stand at room temperature until crys-
tallization begins, and then at 0-5° for 16 hours (Note 10).
The crystals are collected by filtration and dried in air at room
temperature. The yield of nearly colorless product melting at
60-61° (Note 11) is 31-33 g. (53-579).

2. Notes

1. A rubber tubing seal is satisfactory. The submitters
used an all-glass seal made from a 5-ml. glass syringe.
2. The benzene was reagent grade and was dried by distilling

until no more water collected in the condenser. The undistilled

portion was used directly.

3. Phenylacetone was obtained from the Swope Oil Com-
pany, Philadelphia, Pennsylvania. On attempted distillation of
this material as received, the checkers observed considerable
water in the fore-run. The distillation was interrupted, the
material was dried over anhydrous sodium sulfate and redistilled
at atmospheric pressure, but small amounts of water still ap-
peared in the condensate, indicating possible decomposition.
The fraction boiling at 214-214.8° (uncor.)/756 mm. was used.

4. The transfer may be carried out easily by admitting dry
nitrogen or air under pressure continuously to the flask and
allowing the benzene solution to be blown out of the flask through
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the glass tube previously used for introducing nitrogen or carbon
dioxide.

5. Once Part B is started, it should be continued without
interruption until the Friedel-Crafts reaction product is de-
composed.

6. Baker and Adamson reagent grade powdered aluminum
chloride was used.

7. Diphenylacetone may solidify in the side arm, in which
event it may become necessary to melt it by heating with a small
flame.

8. It is necessary to protect the pump by means of a sodium
hydroxide tower since hydrogen halide may be evolved during
the distillation. The checkers, in addition, used a Dry Ice trap.

9. The checkers transferred the distillate to another con-
tainer before solidification occurred.

10. The checkers found that the small additional amount
(approximately 5 g.) of product obtained by cooling to —25° is
more highly colored and considerably less pure than that ob-
tained at 0-5°.

11. A labile form of a,a-diphenylacetone, melting at 46°, is
described in the literature.l2

3. Methods of Preparation

a,a-Diphenylacetone has been prepared by the oxidation of
1,1-diphenyl-2-propanol; * by the action of dilute mineral acid
on 1,1-diphenyl-1,2-propanediol -2 1,1-diphenyl-1-hydroxy-2-cth-
oxypropane,® 1,1-diphenyl-1-hydroxy-2-aminopropane,* 1,1-di-
phenyl-2-ethoxy-1-propene,® and 2,2-diphenyl-3-methylethylen-
imine; ¢ by the distillation at atmospheric pressure of 1,1-
diphenyl-2-methylethylene oxide; ” and by the reaction of ben-
zene with a-phenyl-a-chloro- (or bromo-) acetone.? The present

method is adapted from the procedure of Ruggli, Dahn, and
Wegmann.#

! Tiffencau and Dorlencourt, Compt. rend., 1438, 127 (1906).

2 Stoermer, Ber., 39, 2302 (1906); Tiffencau and Levy, Bull. soc. chim. France,
83, 776 (1923).

3Stoermer, Ber, 39, 2302 (1900),
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4 Thomas and Bettziechi, Z. physiol. Chem., 140, 265 (1924).

§ Bardan, Bull. soc. chim. France, 49, 1875 (1931).

& Campbell, McKenna, and Chaput, J. Org. Chem., 8, 107 (1943).

"Levy and Lagrave, Compt, rend., 180, 1032 (1925); Ann. chim., (10} 8,
365 (1927).

8 Richard, Compt. rend., 200, 753 (1935); Ruggli, Dahn, and Wegmann,
Helv. Chim. Acta, 29, 113 (1946).

ETHYL B-ANILINOCROTONATE
(Crotonic acid, B-anilino-, ethyl ester)

C6H5NH2 -+ CH3COCH2C02C2H5 -
CH30=CHC02C2H5 + H20

|
NHCsHs

Submitted by GrorcE A. REYNoOLDS and CHARLES R, HAUSER,
Checked by ArTHUR C. CoPE and WILLIAM R. ARMSTRONG.

1. Procedure

In a 1-l. round-bottomed flask attached to a Dean and Stark
constant water separator (Note 1) which is connected to a reflux
condenser are placed 46.5 g. (45.5 ml., 0.5 mole) of redistilled
aniline, 65 g. (63.5 ml., 0.5 mole) of commercial ethyl aceto-
acetate, 100 ml. of benzene, and 1 ml. of glacial acetic acid.
The flask is heated in an oil bath at about 125°, and the water
which distils out of the mixture with the refluxing benzene is
removed at intervals. Refluxing is continued until no more
water separates (9 ml. collects in about 3 hours) and then for
an additional 30 minutes. The benzene is then distilled under
reduced pressure, and the residue is transferred to a 125-ml.
modified Claisen flask with an insulated column. The flask is
heated in an oil or metal bath maintained at a temperature not
higher than 120° while the fore-run of aniline and ethyl aceto-
acetate is removed by distillation under reduced pressure, and
at 140-160° during distillation of the product (Note 2). The
yicld of cthyl B-anilinocrotonate boiling at 128-130°/2 mm.,
725 1.5770, is 78 82 g. (76 807%).

ETHYL $-ANTLINOCROTONATE 43

2. Notes

1. A Dean and Stark separator made with a stopcock for
removal of water! or any continuous water separator which
will return the benzene to the reaction mixture may be used.

2. The submitters state that if the temperature of the
bath rises much above 120° during distillation of the fore-run,
or much above 160° during distillation of the product, the ethyl
B-anilinocrotonate may be contaminated with diphenyl urea,
part of which may precipitate from the distillate on standing.
Such a precipitate can be removed by adding an equal volume
of 30-60° petroleum ether to the distillate and filtering. The
petroleum ether is distilled from the filtrate, and the residue is
placed in a vacuum desiccator over mineral oil or is redistilled.

3. Methods of Preparation

The procedure described is a modification of procedures
employed previously. Ethyl g-anilinocrotonate is obtained when
the reactants are allowed to stand at room temperature for
several days without a catalyst2%4 or are heated on a steam
bath,* or are allowed to stand for 12 hours in the presence of
a catalytic amount of aniline hydrochloride.® Iodine also is a
catalyst.® Properties of the ester are reported by Coffey, Thom-
son, and Wilson.5

! Cope, Hofmann, Wyckoff, and Hardenbergh, J. Am. Chem. Soc., 63, 3452
(1941).

2 Knorr, Ber., 16, 2593 (1883).

3 Limpach, Ber., 64, 969 (1931).

¢ Conrad and Limpach, Ber., 20, 944 (1887).

® Coffey, Thomsen, and Wilson, J. Chem. Soc., 1936, 856.
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ETHYL 2-PYRIDYLACETATE
(2-Pyridineacetic acid, ethyl ester)
CgHsBr + 2Li — CgH;Li 4 LiBr

/ /N
T ‘CHg . |CH2Li
N N
% %
| +COz — | | .
« JCH,Li « JCH;COOL
N N

/

| + C,Hz0H + HCI %
« JCH,COOLi g
N

74
@ + LiCl + H20
w /CH,COOC;H;

N

Submitted by R. B. Woopwarp and E. C. KORNFELD.
Checked by ArtrUR C. CorE and Wirriam R. ARMSTRONG.

1. Procedure

A 2-1. round-bottomed three-necked flask is fitted with a
reflux condenser, a dropping funnel, and an efficient mechanical
stirrer. A calcium chloride tube is attached to the condenser
to protect the apparatus from moisture. To the flask are added
800 ml. of absolute ether and 13.9 g. (2 gram atoms) of lithium
chips or shavings (Note 1). The stirrer is started, and 105 ml.
(157 g., 1 mole) of dry bromobenzene is placed in the dropping
funnel. About 5-15 ml. of the bromobenzene is added to initiate
the reaction; when the ether begins to reflux, the balance is added
at such a rate that the solvent refluxes continuously (1 hour)
(Note 2). The mixture is then stirred and refluxed until most
of the lithium disappears (15 90 min.).  While stirring is con-

ETHYL 2-PYRIDYLACETATE 45

tinued, 97 ml. (93.1 g., 1 mole) of a-picoline is added dropwise in
about 5-10 minutes. The dark red-brown solution of picolyl-
lithium is stirred for an additional 30 minutes and is then poured
slowly and with shaking onto 500-750 g. of crushed Dry Ice
contained in a 3-1. round-bottomed flask (Note 3). The mixture
is stirred well until the dark color of the picolyllithium is dis-
charged, and the excess of Dry Ice is allowed to evaporate.
The ether is removed by distillation under reduced pressure at
room temperature. The lumpy residue of lithium salts is broken
up, and to it is added 750 ml. of commercial absolute ethanol.
The solution is saturated with dry hydrogen chloride while
cooling in an ice bath. The esterification mixture is allowed to
stand overnight, after which the solvent is removed as com-
pletely as possible by distillation under reduced pressure on
a steam bath. The syrupy residue is dissolved in 750 ml. of
chloroform, and a paste prepared from 225 g. of potassium
carbonate and 135 ml. of water is slowly added to the solution
with mechanical stirring. After the paste has been added, the
solution is stirred vigorously and is kept just below the boiling
point for 1 hour. The chloroform solution is decanted from the
inorganic salts, and the chloroform is removed by distillation.
The residue is fractionated under reduced pressure from a modified
Claisen flask with a fractionating side arm. About 40 g. of
a-picoline is recovered in the fore-run, and the ethyl 2-pyridyl-
acetate is obtained as a light yellow liquid, b.p. 135-137°/28 mm.,
142-144°/40 mm., 109-112°/6 mm.; #5 1.4979. The yield is
58-66 g. (35-409 based on lithium) (Notes 4 and 5).

2. Notes

1. The most convenient method of preparing the lithium
chips is as follows: Pieces of lithium several grams each in size
and slightly moist with paraffin oil are pounded with a hammer
into thin sheets on a dry surface. The sheets are quickly cut
into small chips by means of a pair of scissors and are added
immediately to the absolute ether.

2. The use of a nitrogen atmosphere is not essential if the
solution is kept protected from oxygen by an atmosphere of
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ether vapor. For this purpose the solution is kept at the reflux
point throughout.!

3. Rapid filtration of the picolyllithium solution onto the
Dry Ice through a thin layer of glass wool is useful in removing
unreacted lithium at this point.

4. Runs twice the size of the one described give comparable
yields. ,

5. Methyl 2-pyridylacetate, b.p. 122-125°/21 mm., can be
obtained in similar yield by use of methanol in the esterification.

3. Methods of Preparation

2-Pyridylacetic esters have been obtained previously only
by the method of Oparina,? through alcoholysis of 2-pyridyl-
acetanilide which was obtained by Beckmann rearrangement of
the oxime of 2-phenacylpyridine.

1 Org. Synitheses, 23, 83 (1943).
2 Qparina and Smirnov, Khim. Farm. Prom., 1934, No. 4, 15 [C.4., 29, 1820
(1935)1; J. Gen. Chem. U.S.S.R., 5, 1699 (1935) [C.4., 80, 2567 (1936)].

«
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1-ETHYNYLCYCLOHEXANOL
(Cyclohexanol, 1-ethynyl-)

2CH=CH + 2Na 2% 2CH=CNa + H,

O ONa
C=CH
+ CH=CNa —

ONa OH
C=CH C=CH
2 + stO4 — 2 + N3.2S04

Submitted by J. H. SAUNDERS.!
Checked by R. S. ScHREIBER and E. L. JENNER.

1. Procedure

A rapid stream of dry acetylene is passed into approximately
1 1. of liquid ammonia in a 2-1. three-necked flask equipped with
a gas inlet tube and a mechanical stirrer while 23 g. (1 gram atom)
of sodium is added over a period of 30 minutes (Notes 1 and 2).
The flow of acetylene is then reduced (Note 3), and 98 g. (1
mole) of cyclohexanone is added dropwise. When this addition,
which requires about an hour, is completed, the reaction mixture
is allowed to stand for about 20 hours to permit the evaporation
of nearly all the ammonia (Note 4).

The solid residue is decomposed by adding approximately
400 ml. of ice and water, and the resulting mixture is carefully
acidified with 509, sulfuric acid (Note 5). The organic layer is
dissolved in 100 ml. of ether and washed with 50 ml. of brine.
The original aqucous phase and the brine wash are then ex-
tracted with two 50-ml. portions of cther. The combined ethereal
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solutions are dried over anhydrous magnesium sulfate and
filtered, and the ether is distilled. The product is then distilled
under reduced pressure through a good column (Note 6). The
yield of 1-ethynylcyclohexanol is 81-93 g. (65-759), b.p.
74°/14 mm.; np) 1.4822 (Note 7).

2. Notes

1. The preparation of sodium acetylide is based on the pro-
cedure of Vaughn, Hennion, Vqogt, and Nieuwland.?

2. The blue color of dissolved sodium is discharged so rapidly
by the acetylene that it seldom spreads through the entire
mixture.

3. The flow of acetylene may be terminated before the
cyclohexanone is added. This operation, however, is alleged to
increase the formation of glycol.?

4. If all the ammonia is allowed to evaporate and the residual
solid is exposed to the air the yields may be decreased.

5. Upwards of 70 ml. is required. The amount depends
upon the quantity of ammonia remaining.

6. The submitters and the checkers used a 15-cm. Vigreux
column.

7. The product may solidify to a colorless solid, m.p. 30°.

3. Methods of Preparation

An attractive alternative procedure for the preparation of
1-ethynylcyclohcxanol which gives yields of 80-909, employs
the potassium salt of ters.-amyl alcohol to effect the addition of
acetylene to cyclohexanone.*®¢ This condensation has been
brought about by a suspension of sodium amide in ether %8 910,11
and by potassium hydroxide in ether.’? 1-Ethynylcylclohexanol
has also been prepared by the action of acetylene on the sodium
enolate of cyclohexanone.® The procedure described here is
essentially that of Campbell, Campbell, and Eby.3#

! This investigation was carried out under the sponsorship of the Office of
Rubber Reserve, Reconsgiruction Finance Corporation, in connection with the
Government Synthetic Rubber Program.
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% Vaughn, Hennion, Vogt, and Nieuwland, J. Org. Chem., 2, 1 (1937).

3 Campbell, Campbell, and Eby, J. Am. Chem. Soc., 60, 2882 (1938).

* Pinkney, Nesty, Wiley, and Marvel, J. Am. Chem. Soc., 58, 972 (1936).

5 Dimroth, Ber., 71B, 1333 (1938).

¢ Backer and van der Bij, Rec. trav. chim., 62, 561 (1943).

7 Ger. pat. 289,800 [Frdl., 12, 55 (1914-1916)].

8 Locquin and Sung, Bull. soc. chim. France, 35, 597 (1924),

9 Rupe, Messner, and Kambli, Helv. Chim. Acta, 11, 449 (1928).

© Levina and Vinogradova, J. Applied Chem. U.S.S.R., 9, 1299 (1936) [C.4., 81,
2587 (1937)].

1t Org. Syntheses, 20, 41 (1940), Note 11.

2 Azerbaev, J. Gen. Chem. U.S.S.R., 15, 415 (1945) [C.4 ., 40, 4683 (1946)].

13 Hurd and Jones, J. Am. Chem. Soc., 56, 1924 (1934).

14 Chanley, J. Am. Chem. Soc., 70, 244 (1948).

HOMOPHTHALIC ACID AND ANHYDRIDE

(a-Toluic acid, o-carboxy-, and 2-benzopyran-1,3-dione)

CH
A AN
(a) 3| | /CH + 4K,Cr07 + 16H,80, —
NN\t
CO,H
3 + 4K2SO4 + 4CT2(SO4)3 + IGHQO
CH,CO,H
Co
CO,H N No
(B) + (CH;C0);0 — | | | 4+ 2CH;CO,H
CH,CO.H WAL L0

2

Submitted by Oriver GrRuMMITT, RIcEARD EGAN, and ALLEN Buck.
Checked by R, L, SERINER and WALTER R, KNOX.

1. Procedure

A. Homophthalic acid. A solution of 243 g. (0.83 mole) of
technical potassium dichromate in 3.6 1. of water and 1330 g.
(725 ml.,, 13 moles) of concentrated sulfuric acid is prepared
in a 5-1. three-necked flask fitted with a sealed mechanical stirrer,
a thermometer, a 100-ml. dropping funnel, and a reflux condenser.
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The mixture is warmed to 65°, and 72 g. (72 ml., 0.56 niole) of
technical 909, indene (Note 1) is added dropwise from the
dropping funnel. The temperature must be kept at 65 & 2°,
and cooling by a water bath is necessary during the addition.
After the addition is complete the mixture is stirred for 2 hours

at 65 == 2° (Note 2). At the end of this period the mixture is

cooled with stirring to 20~-25° and then further cooled in an
ice-salt bath for 5 hours at 0°. The homophthalic acid which
separates is collected on a 10-cm. Biichner funnel with the aid
of suction, then washed with two 75-ml. portions of ice-cold 19,
sulfuric acid and once with 75 mil. of ice water (Note 3). The
precipitate is then dissolved in 215 ml. of 109}, sodium hydroxide
solution, and the resulting solution is extracted with two 50-ml.
portions of benzene (Note 4), which are discarded. The aqueous
solution is added to 160 ml. of 339, sulfuric acid with vigorous
stirring, and the mixture is chilled in an ice-salt bath for 2-3
hours. The homophthalic acid is collected on a 10-cm. Biichner
funnel with the aid of suction, washed with three 25-ml. portions
of ice water, and pressed and sucked as dry as possible. The acid
is transferred to a 500-ml. distilling flask, 300 ml. of benzene is
added, and the mixture is distilled from a steam bath until about
250 ml. of distillate (benzene and water) has been collected
(Note 5). The slurry of acid and benzene is filtered with the
aid of suction through a 10-cm. Biichner funnel, and the product
is spread out on a porous plate to allow the last traces of benzene
to evaporate. The yield of white crystals of homophthalic acid,
melting at 180-181° (Note 6), amounts to 67-77 g. (66779,
calculated on the basis of 909 indene content of the commercial
indene).

B. Homophihalic anhydride. A mixture of 60 g. (0.33 mole)
of dry homophthalic acid and 33.7 g. (31 ml., 0.33 mole) of
acetic anhydride in a 200-ml. round-bottomed flask fitted to
a reflux condenser by a ground-glass joint is refluxed for 2 hours.
The mixture is cooled to about 10° for 30 minutes, and the solid
anhydride is collected on a Biichner funnel with the aid of suc-
tion. It is washed with 10 ml. of glacial acetic acid and pressed,
and as much of the solvent as possible is removed by suction.
The product is spread out on a porous plate for several hours
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(Note 7); it amounts to 46-47.5 g. (85-889,) of white crystals
melting at 140-141° (Note 8).

2. Notes

1. Indene of approximately 909, purity may be obtained
from the Koppers Company, Pittsburgh, Pennsylvania, or United
Gas Improvement Company, Philadelphia, Pennsylvania. The
practical grade of the same purity from the Eastman Kodak
Company may also be used. If the material is dark colored, it
should be redistilled and the fraction boiling from 180° to 182°
should be used.

2. It is important to control the temperature of this oxida-
tion. If the oxidation is carried out at the reflux temperature,!
the yield of purified acid drops to about 52-549%.

3. Homophthalic acid possesses an appreciable solubility in
water (about 1.6 g. per 100 ml. at 20°), hence it is necessary to
cool the solutions and wash liquids to obtain good yields.

4. This extraction removes about 7-8 g. of oily alkali-
insoluble products.

5. This azeotropic distillation is the quickest method for
drying homophthalic acid. The acid turns dark colored if dried
in an oven at 110°. It may be dried over anhydrous calcium
chloride in a vacuum desiccator for 24-36 hours; it melts at
180-181°.

6. The melting point depends on the rate of heating. When
the melting-point tube was placed in the bath preheated to 170°,
the acid melted at 180-181°. When the heating was started
at room temperature, the observed melting point was 172-174°.

7. Drying in an oven causes some loss because the anhydride
sublimes.

8. If all the acetic acid is not removed the product melts
lower, ca. 138-139°

3. Methods of Preparation

In addition to the methods listed under the preparation
from phthalide ? via o-carboxyphenylacetonitrile, homophthalic
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acid has been obtained by hydrolysis of o-cyanobenzyl cyanide; *
by oxidation of g-indanone with alkaline permanganate solu-
tion; ¢ from tetralin via phthalonic acid; ® and from a-indanone
by chromic acid oxidation ® or by nitrosation, Beckmann re-
arrangement, and hydrolysis.” The oxidation of indene by alka-
line permanganate produces homophthalic acid ® and phthalic
acid.® The above procedurc is a modification of that described
by Meyer and Vittenet 1 and by Whitmore and Cooney.!

Homophthalic anhydride has been obtained by heating the
acid alone,™ and by refluxing with acetyl chloride 22 or with
acetic anhydride.®

! Whitmore and Cooney, J. Am. Chem. Soc., 66, 1237 (1944).

2 Org. Syntheses, 22, 62 (1942).

# Gabriel and Otto, Ber., 20, 2224, 2502 (1887).

¢ Benedikt, Ann., 275, 354 (1803). .

® Davies and Poole, J. Ckem. Soc., 1928, 1617.

¢ Ingold and Piggott, J. Chem. Soc., 128, 1497 (1923).

" Perkin and Robinson, J. Chem. Soc., 91, 1082 (1907).

8 Heusler and Schieffer, Ber., 32, 29 (1899).

% Cooney, Ph. D. Thesis, Poly. Tech. Inst. Brooklyn, 1943,

10 Meyer and Vittenet, Compt. rend., 194, 1250 (1932); Ann. chim., (10) 17,
274 (1932).

1 Gracbe and Trumpy, Ber., 31, 375 (1898).

-12 Wislicenus, Ann., 233, 108 (1886); Price, Lewis, and Meister, J. Am. Chem.
Soc., 61, 2760 (1939).
13 Dicckmann, Ber., 47, 1432 (1914).

B-(2-HYDROXYETHYLMERCAPTO)PROPIONITRILE
(Propionitrile, B-(2-hydroxyethylmercapto)-)
HOCHyCH,SH + CH,=—CHCN — HOCH,CH,SCH,CH,CN

Submitted by Liron L. Gersinkin and CuarLes D. Hurn.,
Checked by Crirr 5. HamiLtoN and Joun A, StepliNs.

1. Procedure

In a 500-ml. three-necked round-bottomed flask equipped
with sealed stirrer, a reflux condenser, a dropping funnel, and a
thermometer is placed 78 g (70 ml, 1 mole) of 2 mercapto-
cthanol (Note 1), Into the dropping funnel is poured 67 ml.
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(54.3 g., 1 mole) of acrylonitrile (Note 2), and after the addition
of about 3 ml. of the nitrile, with stirring, the contents are
warmed with a water bath to about 35-40° for § minutes. The
remainder of the acrylonitrile is then added dropwise during
10 minutes. The temperature soon mounts to about 65° and is
kept between 55° and 60° by intermittent short cooling with
water until it only slowly increases or remains stationary at
55 60° (Note 3). Forty milliliters of acrylonitrile is then added
all at once, cooling being applied if necessary, and the contents
arc stirred for 16 hours at room temperature. The product is
distilled from a 250-ml. Claisen flask after removal of excess
acrylonitrile under reduced pressure. The yield of nitrile dis-
tilling at 178-180°/14 mm., #3y 1.5101, as a colorless viscous
liquid is 121-123 g. (92-949) (Note 4).

2. Notes

1. The 2-mercaptoethanol was obtained from Carbide and
Carbon Chemicals Corporation.

2. Commercial acrylonitrile may be used without further
purification.

3. This requires about 30 minutes. As an inhibition period
generally occurs, care must be taken in the initiation of the
reaction and subsequent moderation of the heat evolved, but
this operation can easily be controlled.

4. In the presence of alcoholic sodium hydroxide, either
2-mercaptocthanol or g-(2-hydroxyethylmercapto)propionitrile is
converted to the dicyanoethylated product, 4-oxa-7-thiadecanedi-
nitrile, NCCH,CH,OCH,CHoSCH,CH,CN. This basic agent
can also be applied to the general reaction of thiophenols or
merceaplans with acrylonitrile.

3. Methods of Preparation
I'his method is a modification of the directions of Hurd and
Giershbein.' ‘The compound has been made also 2 with piperidine
an the hasic catalyst.

VHurd and Gershbein, S, A, Chem, Soc., 60, 2331 (1047),
v Giethhins, Miller, and O'Leary, UL S, pat, 2,897 000 [CA4., 40, 3512 (1946)1.
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INDAZOLE

COOH gy, (7 \COOH L. 7 \COOH
HC1
NH, NCl NHNH, - HCI

CO.H HC OH
— [
NHNH, - HC N
N

N .
”OH POCl; ”Cl HL l
N 3 N ¥ N
N\ / N\ / N\ /
N N N
H H H

Submitted by EmiLy F. M. STEPHENSON.
Checked by C. F. H. ALLeN, C. V. WiLsoN, and Jean V. CRAWFORD.

1. Procedure

A. o-Hydrazinobenzoic acid hydrochloride. In a 2-1. beaker,
provided with a stirrer and a low-temperature thermometer, and
cooled in an ice-salt bath, are placed 42 g. (0.31 mole) of anthra-
nilic acid and 300 ml. of water. The stirrer is started, and 340
ml. of concentrated hydrochloric acid (sp. gr. 1.18) is added in
one portion; the anthranilic acid dissolves, and its hydrochloride
begins to separate almost immediately. After the mixture has
been cooled to 0°, a solution of 21.6 g. (0.31 mole) of technical
sodium nitrite in 210 ml. of water is added from a dropping
funnel, the tip of which extends below the surface of the suspen-
sion, at such a rate that the temperature never rises above 3°.
The addition requires about 30 minutes; stirring is continued for
15 minutes longer, and at the end of this period a positive test
with starch-iodide paper should be obtained (Note 1). The
clear brown solution is then diluted with 150 ml. of ice water.
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In a 12-1. flask, equipped with a low-temperature thermometer
and surrounded by an ice-salt bath, a solution of sulfurous acid
is prepared by saturating 2.4 1. of water at 0-5° with sulfur
dioxide from a cylinder. A brisk stream of the gas is continued
(Note 2) while the cold diazonium salt solution is added in about
150-ml. portions over a 30-minute period and the temperature i}
maintained at 5-10°; the reaction mixture assumes a dark orange
color (Note 3). The cooling bath is removed, but sulfur dioxide
is passed into the mixture for an additional half hour.  After the
mixture has been allowed to stand for 12 hours at room temper-
ature, 3 1. of concentrated hydrochloric acid (sp. gr. 1.18) is
added; the o-hydrazinobenzoic acid hydrochloride separates at

-once. The mixture is chilled to 0-5° and filtered through a pre-

cooled Biichner funnel; the product is washed with two 50-ml.
portions of ice-cold dilute (1 : 1) hydrochloric acid. The yield is
50-51 g. (86-88%,); the salt melts at 194-195° with decomposi-
tion (Note 4) and is suitable for the next step without further
purification (Note 5).

B. Indazolone. In a 2-l. round-bottomed flask to which a
reflux condenser is attached are placed 47.1 g. (0.25 mole) of
o-hydrazinobenzoic acid hydrochloride, 1.25 1. of water, and
12.5 ml. of concentrated hydrochloric acid (sp. gr. 1.18). The
mixture is refluxed for 30 minutes. The resulting pale yellow
solution is transferred in two portions to a 23-cm. evaporating
dish and concentrated on the steam bath to about one-fourth its
original volume. The indazolone separates at an early stage of
the evaporation but redissolves as the concentration of acid
increases. Sodium carbonate is added to the warm solution in
small portions until the acid is neutralized (Note 6), and the
suspension is allowed to stand for 2 hours. The nearly colorless
indazolone is removed by filtration, washed with two 25-ml.
portions of cold water, and air-dried. The yield of product,
m.p. 246-249°, is 30-33 g. (90-98%,) (Note 7).

C. 3-Chloroindazole. In a 200-ml. flask connected by a glass
joint to an air condenser protected by a drying tube are placed
26.8 g. (0.2 mole) of dry indazolone and 15.8 g. (16 ml., 0.2 mol
of dry pyridine (Note 8); 46.1 g. (27.6 ml., 0.3 mole) of phos-
phorus oxychloride is then added, with shaking, over a 10-minute
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period. Heat is evolved, and acid fumes are generated. The
mixture is heated with occasional shaking in an oil bath, which is
maintained at 128-130° for 1 hour and at 130-140° for 4 hours.
The clear brown solution is then cooled to 70° and poured, with
hand stirring, upon 500 g. of cracked ice. This mixture is allowed
to stand for 24 hours. The pale buff solid is removed, washed on

the filter, first with 100 ml. of 0.5 ¥ hydrochloric acid and then -

with 40 ml. of cold water, and air-dried (Note 9). The 3-chloro-
indazole is crystallized from 3 1. of 209 ethanol. The yield is
21-22.5 g. (68-749) of material melting at 148-148.5° (Note 10).

D. Indazole. In a 300-ml. flask are placed 15.3 g. (0.1 mole)
of 3-chloroindazole, 18.6 g. (0.15 mole) of red phosphorus, and
100 ml. of constant-boiling hydriodic acid (sp. gr. 1.7) (Note 11).
The mixture is refluxed for 24 hours (Note 12), cooled, and filtered
through a sintered-glass funnel (Note 13) fo remove the phos-
phorus; the flask and the solid are washed with two 20-ml. por-
tions of .water. The clear filtrate is transferred to a 300-ml.
Claisen flask and concentrated to about 40 ml. by heating in
a water bath at a reduced pressure. The residue is washed into
a 250-ml. beaker with 70-80 ml. of hot water, and the clear
solution is cooled in an ice bath and made strongly alkaline
with concentrated ammonium hydroxide - (about 80 ml. is re-
quired). The next day, the indazole is collected and dried; the
white solid melts at 143-145° (Note 14).

The product is added to 75 ml. of benzene, and the suspension
is boiled until the frothing has ceased, the benzene lost being
replaced (Note 15); the resulting suspension is filtered to remove
the insoluble material. The clear filtrate is heated to boiling,
diluted with 25 ml. of petroleum ether (b.p. 70-90°), and allowed
to cool slowly. The yield of white product, m.p. 145-146.5°,
is 9.7-10.2 g. (82-86%). The over-all yield from anthranilic
acid is 43-559.

2. Notes

1. If the starch-iodide test is negative at this point a little
solid sodium nitrite may be added.

2. This operation should be carried out in a hood or out-of-
doors.
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3. Small amounts of a red crystalline solid were obtained at
this point by the checkers in several runs. This substance can
be converted to o-hydrazinobenzoic acid by the addition of 5 ml.
of concentrated hydrochloric acid to a suspension of 1 g. of the
solid in 25 ml. of dilute (1 : 1) hydrochloric acid. The red solid
changes to the white o-hydrazinobenzoic acid hydrochloride
without apparent solution.

4, The melting point varies with the rate of heating. The
values given were obtained with a bath preheated to 180°.

5. The free acid may be obtained by treatment of a solution
of the hydrochloride with a concentrated aqueous solution of
sodium acetate. The powdered hydrochloride (18.9 g., 0.1
mole) is dissolved in 567 ml. of water, and sodium acetate solu-
tion (8.2 g. [0.1 mole] of anhydrous sodium acetate in 30 ml. of
water) is added. o-Hydrazinobenzoic acid separates at once;
the mixture is chilled, and the light tan acid is removed by
filtration, washed with two 25-ml. portions of water, and air-
dried. The yield is 13.1 g. (86%); m.p. 248-250°. 1If a purer
acid is required, the crude material may be recrystallized from eth-
anol (50 ml. per g.); the pale tan product then melts at 250-251.5°.

6. About 20 g. of sodium carbonate is required.

7. The indazolone may be purified further by recrystalliza-
tion from methanol (24 ml. per g.), with filtration of the hot
solution through a layer of Norite. It separates as white needles,
m.p. 250-252°; the recovery is about 509. An additional 109,
of material (m.p. 246-248°) may be obtained by dilution of the
filtrate with 2 volumes of water.

The submitter reports that the described method of purifica-
tion gives a better product than is obtained by solution in dilute
sodium hydroxide and reprecipitation with acid.

8. The submitter reports that dimethylaniline can be used
but that it is less desirable because a small amount of a green
by-product is formed.

9. The crude chloroindazole, m.p. 143-145°, is difficult to
dry. Small quantities may be crystallized satisfactorily from
water (250 ml. per g.). The submitter reports that a good prod-
uct can be obtained by steam distillation but that even with
superheated steam the distillation is very slow.
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10. In a run 2.5 times this size, the checkers dissolved the
crude product in 190 ml. of ethanol and diluted the hot filtrate
with 260 ml. of water; the chloroindazole was obtained in 809
yield.

11. Tt is essential to use acid of this concentration.

12. This reaction time ensures complete conversion of the
chloroindazole,

13. As an alternative procedure, the mixture may be diluted
with 70 ml. of water and filtered through S & S No. 596 filter
paper. ,

14. The crude indazole is so difficult to dry that the weight
at this stage is not significant.

15. This operation is carried out in an open flask in the
hood and at a point remote from flames; the indazole is dried by
the steam distillation of the water with the benzene.

3. Methods of Preparation

The preparations of o-hydrazinobenzoic acid hydrochloride
and indazolone are essentially those given by Pfannstiel and
Janecke.! The procedure for the conversion of indazolone to
indazole is a modification of that of Fischer and Seuffert.? . A
procedure involving the decarboxylation of indazole-3-carboxylic
acid is described by Schad * and by von Auwers.*

Indazole has been obtained in a variety of ways which are
of no preparative value. The elimination of the amino group
from aminoindazoles, first utilized by Witt,> by the action of
ethanol or sodium stannite on the diazonium compounds appears
to be the only other useful procedure.

1 Pfannstiel and Janecke, Ber., 75, 1104 (1942).

2 Fischer and Seuffert, Ber., 84, 796 (1901).

1 Schad, Ber., 26, 217 (1893).

¢von Auwers and Dereser, Ber., 52, 1344 (1919).

¥ Witt, Nolting, and Grandmougin, Ber., 23, 3642 (1890).

ISOPRENE CYCLIC SULFONE 59

ISOPRENE CYCLIC SULFONE
(Thiophene, 2,6-dihydro-3-methyl-, 1-dioxide)

CHj
| Hydroquinone CH:C—CH?A
CH; CH,

Ng
SO.

Submitted by RoBERT L. FRANK and RaymMonD P. SEVEN!
Checked by A. E. BarkpoiL and R. S. SCHREIBER.

1. Procedure

Caution! If peroxides are present in the isoprene, they should
be desiroyed by washing with 109, acidified ferrous ammonium
sulfate before distillation.

A 600-ml. steel reaction vessel (Note 1) is precooled before
loading by filling it between one-fourth and one-half full of
methanol and Dry Ice. After removal of the methanol and Dry
Ice, the autoclave is charged with 120 g. (176 ml., 1.76 moles)
of isoprene (Note 2), 113 g. (80 ml., 1.76 moles) of liquid sulfur
dioxide, 88 ml. of methanol, and 4 g. of hydroquinone. The
vessel is sealed, heated slowly to 85°, and maintained at that
temperature for 4 hours. It is then cooled, the sulfone removed,
the bomb rinsed with methanol, and the combined product and
washings are treated hot with 5 g. of Norite. The filtered solu-
tion is concentrated to a volume of 250-300 ml., and the sulfone
is allowed to crystallize. The material is filtered and washed
with 50 ml. of cold methanol. Recrystallization from methanol
(20 ml. per 25 g. of sulfone) yields 140-150 g. of thick, colorless
plates. Concentration of the mother liquors raises the total
yield to 182-191 g. (78-82%,) (Note 3), melting at 63.5-64°
(Note 4).”

2. Notes

1. A steel reaction vessel of the type used for high-pressure
catalytic hydrogenations is satisfactory. The pressure gener-
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ated is less than 200 1b. For smaller quantities a heavy glass
tube can also be used with proper precautions.

2. Commercial isoprene, obtained from Phllllps Petroleum
Company, should be freshly distilled before use, in order to
eliminate isoprene dimers and polymers which are likely to ac-
cumulate in storage. If peroxides are present, they should be
destroyed before distillation of the isoprene by washing with
109, acidified ferrous ammonium sulfate. As an added pre-
caution, the distillation flask should not be permitted to go dry.

3. The yield of the cyclic sulfone depends upon the purity
of isoprene. In one experiment, the checkers obtained the
sulfone in 869 yield, using freshly distilled isoprene of 99 mole
per cent purity, while the yield fell to 779, with commercial
isoprene which had been distilled and stored at 5° for 1 week
before use.

4. The checkers consistently obtained a slightly higher melt-
ing point (uncor.) in the range 64.4-65.4°. The purified cydlic
sulfone serves as an ideal intermediate for the preparation of
extremely pure isoprene, since the latter can be regenerated
nearly quantitatively at 135-140°.2 Other sulfones that can be
prepared by this method and that arc uscful in the purification
of dienes are those of butadiene, m.p. 65.5°3% and 2,3-dimethyl-
butadiene, m.p. 135°3 The sulfone of piperylene is a liquid.*

3. Methods of Preparation

Isoprene cyclic sulfone has been prepared only from isoprene
and sulfur dioxide.>*$

! Work done under contract with the Office of Rubber Reserve, Reconstruction
Finance Corporation,

2 Frank, Adams, Blegen, Deanin, and Smith, Ind. Eng. Chem., 39, 887 (1947).

3 Staudinger and Ritzenthaler, Ber., 68, 455 (1935).

4 Craig, J. Am. Chem. Soc., 65, 1006 (1943); Frank, Emmick, and Johnson,
J. Am. Chem. Soc., 69, 2313 (1947).

b Eigenberger, J. prakt. Chem., (2) 127, 307 (1930).
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METHACRYLAMIDE
CH,;
HsS04 ]
(CH3);C(OH)CN —— CHy;=C—CONH,

Submitted by RicEarRp H. WiLEY and WALTER E. WADDEY.
Checked by R. L. SHRINER and ARNE LANGSJOEN,

1. Procedure

In a 1-1. three-necked round-bottomed flask fitted with an
efficient stirrer, a dropping funnel, and a thermometer, are
placed 150 g. (82 ml., 1.5 moles) of 98%, sulfuric acid (Note 1)
and 1 g. of flowers of sulfur. To this is added, with rapid stirring,
85 g. (91 ml.,, 1 mole) of acetone cyanohydrin!® (Note 2) over
a period of 25 minutes, the temperature of the contents of the
flask being kept at 75-80° by cooling in a water bath. At the end
of this period, the water bath is replaced with an oil bath pre-
heated to 160°. With continued stirring, the temperature of the
reaction mixture is raised to 150° within 5 minutes and main-
tained at 150° for 15 minutes (Note 3). The reaction mixture is
quickly cooled to room temperature by replacing the oil bath
with an ice bath and is then poured into 300 ml. of cold water,
and the flask is rinsed with 75 ml. of water. The diluted mixture
is filtered (Note 4) through a 10-cm. Biichner funnel with the
aid of suction. The filtrate is placed in a 1-1. beaker, cooled
with an ice bath and 180-190 g. of anhydrous sodium carbonate
sifted in with vigorous stirring (Cauiion! foaming) (Note 5).
The precipitate is collected on a 20-cm. Biichner funnel and
pressed and sucked as dry as possible. The crude product is
dried in a vacuum desiccator over anhydrous calcium chloride
for 36-48 hours (Notc 6). The light cream- or tan-colored
crude product weighs 300-400 g.

The crude dried solid is crushed to break up lumps and is
placed in a 2-1. flask and heated and stirred mechanically with
500 ml. of boiling benzene. The solution is decanted, and the
extraction is repeated four times using 200-ml. portions of
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benzene. The combined benzene solutions are heated to boiling,
treated with 24 g. of Norite, and filtered. On cooling, 48-52 g.
of methacrylamide separates; m.p. 105-107° (Note 7). An
additional 5-8 g., m.p. 103-105°, is obtained when the mother
liquor is concentrated to 150 ml. and cooled. The yield of
methacrylamide is 52-60 g. (61-709) after storing in a vacuum
desiccator over paraffin wax and anhydrous calcium chloride.

2. Notes

1. Acid of 989, strength may be prepared by the addition
of 33.5 ml. of fuming sulfuric acid (159, SO3) to 48 ml. of con-
centrated sulfuric acid of sp. gr. 1.84.

2. Acetone cyanohydrin of 987, purity may be purchased
from the Rohm and Haas Company, Philadelphia, Pennsylvania.

3. This heating converts the intermediate compounds into
methacrylamide sulfate. Longer periods of heating decrease
the yield.

4. A small amount of dark polymeric material, which may
form, is separated at this point.

5. Care is taken to crush lumps of sodium carbonate formed
during the addition. The final reaction mixture should be
slightly alkaline to litmus paper, and the temperatute of the
mixture should not rise above 25-30°.

6. The precipitated methacrylamide contains varying
amounts of sodium sulfate. Itis esscntial to obtain a dry prod-
uct for the benzene extraction. The desiccator should be evacu-
ated with an oil pump to about 5 mm. several times during
24-36 hours in order to obtain a sufficiently dry material.

7. The methacrylamide tends to retain some solvent. By
placing the product in a vacuum desiccator containing paraffin
wax shavings and anhydrous calcium chloride for 36-48 hours
material with a melting point of 109-110° may be obtained.

3. Methods of Preparation

Methacrylamide has been prepared by the reaction of acetone
cyanohydrin with concentrated sulfuric acid,2%4%%7 and by
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the hydrolysis of methacrylonitrile.® The method described is
an adaptation of that described by Crawford and McGrath.*

1 Org. Syntheses Coll. Vol. 2, 7 (1943).

2 Verhulst, Bull. soc. chim. Belg., 89, 563 (1930); 40, 475 (1931).

8 Crawford, J. Soc. Chem. Ind., 64, 231 (1945).

4 Crawford and McGrath, U. S. pat. 2,140,469 [C.4., 33, 2536 (1939)]; Brit. pat.
440,967 [C.4., 30, 4180 (1936)].

& Crawford and Grigor, U. S. pat. 2,101,822 [C.4., 32, 952 (1938)]; Brit. pat.
456,533 [C.4., 31, 2230 (1937)).

61, G. Farbenind. A.-G., Fr. pat. 813,844 [C.4., 82, 953 (1938)].

7 Rohm und Haas A.-G., Fr. pat. 815,908 [C.4., 82, 1816 (1938)].

8 Bruylants and Castille, Bull. sci. acad. roy. Belg., 13, 779 1927); [C.4., 22,

2366 (1928)].

m-METHOXYBENZALDEHYDE
(Benzaldehyde, m-methoxy-)

CH(OCH3)z 1,0 CHO NaNOg CHO  mpo
—_— —
HS04 H2804
NH, NH;THSO,~ N, THSO,4~
CHO (CH30)280; CHO
NaOH
OoH OCH;

Submitted by Roraxp N. Icke, C. E. REDEMANN, BURNETT B.
WISEGARVER, and GORDON A. ALLES.
Checked by H. R. SNYDER and Frank X, WERBER.

1. Procedure

o
A. m-Hydroxybenzaldehyde. In a 2-1. three-necked flask,
equipped with a mechanical stirrer, a thermometer, and a 250-ml.
dropping funnel, 575 ml. of 6 N sulfuric acid is cooled to 0° by
means of a salt-ice bath. The acig is stirred and maintained at
0° or below while 167 g. (1 mole) of m-aminobenzaldehyde
dimethylacetal (p. 6) is added dropwise. The solution becomes
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deep orange or red. When the addition of the amino compound
is complete, a solution of 71 g. (1 mole) of 97% sodium nitrite
in about 175 ml. of water is introduced slowly while the temper-
ature of the acid solution is maintained at 5°. Stirring at 5° is
continued for 1 hour to complete the reaction.

In each of two 4-1. beakers are placed 450 ml. of water and
50 ml. of concentrated sulfuric acid, and the solutions are heated
to boiling with large burners. The cold diazonium solution is
divided into two approximately equal portions which are placed
in 500-ml. separatory funnels suspended above the beakers con-
taining the boiling acid., The two portions of the diazonium
solution are run dropwise into the strongly heated acid at such
a rate that boiling continues. The solutions are boiled for §
minutes after the additions are complete. They are then allowed
to cool to room temperature and are finally stored overnight in
a refrigerator. The crude product separates as a dark oil which
crystallizes (Note 1) and becomes lighter in color upon standing.
It is collected on a Biichner funnel and used in part B without
purification (Note 2).

Caution!  The methylation should be carried out in a good
hood. Methyl sulfate is quite toxic.:

B. m-Methoxybenzaldehyde. The crude m-hydroxybenzalde-
hyde is dissolved in about 550 ml. of 2 N' sodium hydroxide in
a 2-1. three-necked flask equipped with a mechanical stirrer, a
thermometer, and a 125-ml. dropping funnel. The dark-colored
solution is stirred while 126 g. (95 ml., 1 mole) of methyl sulfate
(Note 3) is added dropwise and the temperature is maintained
at 40-45°. When the addition is complete the mixture is stirred
for 5 minutes. A 275-ml. portion of 2 N sodium hydroxide (Note
4) is added in one lot, and then 63 g. (47.5 ml.) of methyl sulfate
is added as before, except that the temperature is allowed to
rise to 50°. Stirring at 50° is continued for 30 minutes, the
mixture is cooled, and the organic layer is extracted with ether
(Note 5). The ether solution is dried over anhydrous sodiunr
sulfate for 8 hours, then filtered and concentrated by distillation.
The residue is distilled under reduced pressure. The yield of
m-methoxybenzaldehyde, a pale yellow liquid boiling at 88 -90°/3
mm., is 86-98 g. (63 727/) (Note 6).
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2. Notes

1. Seeding the mixture helps to initiate crystallization.

2. If m-hydroxybenzaldehyde is desired, the crude product
may be purified as described previously.?

3. A good technical grade of methyl sulfate was used. .

4. The optimum amount of sodium hydroxide so!utlczn
apparently varies according to the amount of acid remaining in
the crude, wet hydroxybenzaldehyde employed in the methyla-
tion. The checkers found it advisable to increase the amount
added at this point to 345 ml. It is wise to test the reaction
mixture with litmus paper occasionally during the final heating
period and to add alkali as necessary to keep the solution from
becoming acid.

5. If the methylation is not complete, some m-hydroxy-
benzaldehyde will remain dissolved in the aqueous phase. This
may be recovered by acidifying the alkaline solution and collect-
ing any crystalline solid which separates.

6. As with other aromatic aldehydes, m-methoxybenzalde-
hyde is susceptible to air oxidation and should be stored in a
bottle which will just hold the product, so that air space above

- the liquid is minimized.

3. Methods of Preparation

m-Methoxybenzaldehyde has been prepared by the reduc-
tion of m-methoxybenzoic acid,® by the reaction of diazotized
m-aminobenzaldehyde with methanol* by an acid hydrelysis of
the phenylhydrazone which was obtained by oxidation of the
hydrazine analog,® and by the methylation of m-hydroxy-
benzaldehyde, with methyl iodide %%° and with methyl sul-
fate. s 10

1 Org. Syntheses, 20, 97 (1940).

2 Org. Syniheses, 26, 55 (1945).

3 Asang and HMuziwara, J, Phgrm. Soc. Japan, 59, 141 (1939)
4 Noelting, Ann. chim., (8) 19, 541 (1910},

8 Grammaticakis, Compt. rend., 220, 303 (1940),

¢ Tiemann and Ludwig, Ber., 156, 2043 (1882).

7 Pschorr and Jaeckel, Ber,, 88, 1826 (1900).
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8 Staudinger and Kon, Ann., 384, 90 (1911).
8 Spith, Monatsh., 3%, 1998 (1913).
9 Posner, J. prakt. Chem., (2) 82, 431 (1910).

1-METHYLAMINOANTHRAQUINONE

(Anthraquinone, l-methylamino—)

SO3Na NHCH,4

O sy @\/@

Submitted by C. V. Witson, J. B. DickEy, and C. F. H. ALLEN.
Checked by GeoRGE L. Evans and R. S. SCHREIBER.

1. Procedure

A 1-gal. aytoclave! (Note 1) is charged with 399 g. (1.29
moles) of technical sodium anthraquinone-a-sulfonate (Note 2),
45 g. (0.43 mole) of sodium chlorate, 780 g. (6.25 moles) of a
25% aqueous solution of methylamine, and 1.2 1. of water.
The mixture is heated, with stirring, for 12 hours at 130-135°
(Note 3). The heat is then shut off, but stirring is continued so
that the product separates in an easily removable form. When
cold, the autoclave is opened and the contents are removed; the
material adhering to the walls is removed by water. The solid
is filtered on a 13-cm. Biichner funnel. The red product is
washed with two 500-ml. portions of hot water (70°) and dried
in the air. The yield of 1-methylaminoanthraquinone, melting
at 166-171° (Note 4), is 180-199 g. (59-65%,) (Notes 5 and 6).

2. Notes

1. The shaking autoclave employed for high-pressure hydro-
genations »* may be used equally well, but the quantities taken
must be reduced to 155 g. (0.5 mole) of sodium anthraquinone-
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a-sulfonate, 17.5 g. of sodium chlorate, 300 g. of a 259, aqueous
methylamine solution, and 600 ml. of water. The checkers
used a 2-gal. stirred autoclave (stainless steel).

2. A corresponding quantity of the potassium salt ¢ can be
utilized.

3. According to the checkers the heating time may be de-
creased to 8 hours if desirable.

4. The melting point varies slightly with the method of
heating; if the bath is preheated to 160° before the sample is
inserted, the melting point is 168-169.5°. When taken in the
ordinary way, the melting point is 166-171°. This product is
sufficiently pure for most purposes. One recrystallization from
toluene raises the melting point 1°.

5. The yield depends upon the purity of the sodium anthra-
quinone-a-sulfonate. Apparent yields of. as high as 879, have
been obtained. The checkers employed technical grade material,
which apparently resulted in an appreciable decrease in the
yields of 76-809%, reported by the submitters.

6. o-Chloroanthraquinone 8 can be used as a starting mate-
rial. In this case, 433 g. (1.79 moles) are taken, together with
1.5 L. of pyridine, 600 ml. of 259, aqueous methylamine, and
2.5 g. of a copper salt. The product is washed with dilute
(2%) hydrochloric acid. The yield is 380-400 g. (90-959%,).

3. Methods of Preparation

1-Methylaminoanthraquinone has been prepared from 1-
chloro-, 1-bromo-, and 1-nitroanthraquinone by treatment with
alcoholic methylamine under pressure;® from 1-methoxy- and
1-phenoxyanthraquinone with methylamine in pyridine solution
at 150°; 7 from potassium anthraquinone-1-sulfonate with aque-
ous methylamme at 150-160°; %9 from 1-aminoanthraquinone
by treatment with formaldehyde,10 or methyl alcohol® in
sulfuric acid or oleum; and by hydrolysis of p-toluenesulfonyl-
methylaminoanthraquinone with sulfuric acid.”

1 Org. Syntheses, 22, 20 (1942).
? American Instrument Company, Silver Spring, Muryland.
3 Parr Instrument Company, Moline, Hlinois,
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4 Org. Syntheses Coll. Vol. 2, 539 (1943).

5 Org. Syntheses Coll. Vol. 2, 128 (1943).

6 Ger. pat. 144,634 [Frdl., 7, 201 (1902-1904)].

7 Ger. pat. 165,728 [Frdl., 8, 289 (1905-1907)].

8 Ger. pat. 175,024 [Frdl., 8, 283 (1905-1907)].

 Ger. pat. 256,515 [Frdl., 11, 551 (1912-1914)].
1 Ger. pat. 156,056 [Frdl., 8, 288 (1905-1907)].

U Ger. pat. 288,825 [Frdl., 12, 414 (1914-1916)].
2 Ullmann and Fodor, 4zn., 380, 320 (1911).

1-METHYLAMINO-4-BROMOANTHRAQUINONE
(Anthraquinone, 1-methylamino-4-bromo-)

O
| NHCH;

-+ Br; + C;H;N —

0]
[ NHCHj;
AN .
+ C5H5N'HBI‘
N\
| Br
(@)

Submitted by C. V. WiLsoN.
Checked by G. L. Evans and R. S, SCHREIBER.

1. Procedure

In a 2-1. three-necked flask having ground-glass joints and
equipped with a mechanical stirrer, a condenser (Note 1), and
a dropping funnel are placed 119 g. (0.5 mole) of 1-methyl-
aminoanthraquinone (p. 66) and 600 ml. of pyridine (Notes 2
and 3). The stirrer is started, and 90 g. (29 ml., 0.56 mole)
of bromine is added over a period of 9-10 minutes. The flask
and contents arc now hcated on the steam bath for 6 hours
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with continuous stirring. At the end of this period the hot
mixture is transferred from the flask to a beaker and allowed to
cool. The solid that separates (Note 4) is collected on a Biichner
funnel and is washed thoroughly with hot water to remove
a considerable portion of pyridine hydrobromide which is pre-
cipitated along with the desired product. The resulting deep
red 1-methylamino-4-bromoanthroquinone, after thorough dry-
ing, weighs 111-117 g. (70-749;). It melts at 193-195° and is
pure enough for most purposes (Note 5).

2. Notes

1. An air condenser of any type is sufficient.

2. A good grade of pyridine is essential. Very poor results
are obtained with the practical or technical grades.

3. Larger volumes of pyridine have been used, but the yield
drops progressively with increasing amounts.

4, Some of the solid separates during the heating on the
stcam bath.

5. It may be recrystallized, if desired, from pyridine, by the
use of 3.5 ml. per g.; the melting point is raised to 195-196°.

3. Methods of Preparation

4-Bromo-1-methylaminoanthraquinone has been prepared
from 4-bromo-1-nitroanthraquinone and methylamine at 60°
and from 1-methylaminoanthraquinone in pyridine solution by
treatment with two moles of bromine.2 This procedure is based
on the latter method.

1 Ger. pat. 144,634 [Frdl., 7, 201 (1902-1904)].
2 Ger. pat. 164,791 [Frdl., 8, 280 (1905-1907)].
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2-METHYL-4-HYDROXYQUINOLINE
(4-Quinolinol, 2-methyl-)

0  OCH,
N
c
N OH
CH AN
I =0 /j + CoH:0H
CCH, 2l
. CH,
N %
H

Submitted by GEoRGE A. REYNOLDS and CHARLES R. HAUSER.
Checked by ArTHUR C. CoPE and WILLIAM R. ARMSTRONG.

1. Procedure

In a 500-ml. three-necked round-bottomed flask equipped
with a dropping funnel, a sealed mechanical stirrer, and an air
condenser is placed 150 ml. of Dowtherm (Note 1). The Dow-
therm is stirred and heated at the reflux temperature while 65 g.
(0.32 mole) of ethyl g-anilinocrotonate (p. 42) is added rapidly
through the dropping funnel. Stirring and refluxing are con-
tinued for 10-15 minutes after the addition is completed. The
ethyl alcohol formed in the condensation reaction may be allowed
to escape from the condenser through a tube leading to a drain,
or it may be collected by attaching a water-cooled condenser set
for distillation to the top of the air condenser. The mixture is
allowed to cool to room temperature, at which stage a yellow solid
separates. Approximately 200 ml. of petroleum ether (b.p.

60-70°) is added; the solid is collected on a Biichner funnel and -

washed with 100 ml. of petroleum ether (b.p. 60-70°). After air
drying, the crude product is treated with 10 g. of Darco or
Norite in 1 1. of boiling water (Note 2). The hot solution is
filtered and allowed to cool. The white, hairlike needles of
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2-methyl-4-hydroxyquinoline are separated by filtration. The
yield of product, melting at 235-236° (cor.), is 43-46 g. (85-909).

2. Notes

1. Dowtherm is a mixture of diphenyl and diphenyl ether,
obtainable from the Dow Chemical Co.

2. Ii the treatment with decolorizing carbon is omitted,
the product has a low melting point after several crystallizations.

3. Methods of Preparation

The present procedure is a modification of preparations
described previously.t*>* The cyclization has been effected by
allowing a solution of ethyl g-anilinocrotonate in concentrated
sulfuric acid to stand at room temperature for several hours;
by rapidly heating the ester to 240-250° without a solvent;®
or by adding the ester to mineral oil at 250°3 The procedure
described has been applied to the preparation of other 2-sub-
stituted 4-hydroxyquinoline derivatives.*

L Knorr, Ber., 16, 2593 (1883).

2 Conrad and Limpach, Ber., 20, 944 (1887).

3 Cavalito and Haskell, J. Am. Chem. Soc., 33, 1166 (1944).
4 Hauser and Reynolds, J. Am. Chem. Soc., 70, 2402 (1948).
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m-NITROBENZALDEHYDE DIMETHYLACETAL
(Benzaldehyde, m-nitro-, dimethylacetal)

@CHO —_— @CHO cmor @CH(OCH3)2
+
HsS04 H
NO, NO,

Submitted by Roraxp N. Icke, C. E. REDEMANN, BURNETT B.
‘WISEGARVER, and GORDON A. ALLES.
Checked by H. R. SNYDER and FRank X. WERBER.

1. Procedure

A. m-Nitrobenzaldehyde. In a 3-1. three-necked flask pro-
vided with a dropping funnel, a thermometer, and an efficient
mechanical stirrer is placed 1.25 1. of technical concentrated
sulfuric acid (sp. gr. 1.84). The acid is stirred during the fairly
rapid addition of 167 ml. (250 g., 4 moles) of technical fuming
nitric acid (sp. gr. 1.49-1.50), with sufficient cooling by an ice
bath so that the temperature of the mixed acids does not exceed
10°. The mixture is maintained at 5-10° while 213 g. (2 moles)
of u.s.p. benzaldehyde (Note 1) is added with good stirring
over a period of 2-3 hours. At the end of the addition the ice
bath is removed and the mixture is allowed to stand overnight
at room temperature.

The mixture is poured carefully onto about 3.25 kg. of cracked
ice in a2-gal. crock (Note 2) with manual stirring. The yellow
precipitate is collected on a large Biichner funnel, washed with
cold water, and pressed as dry as possible (Note 3). Further
removal of water is accomplished by dissolving the moist prod-
uct in about 100 ml. of warm benzene and separating the water
layer in a separatory funnel. The benzene solution is filtered
(Note 4) into a 1-1. distilling flask and concentrated on a steam
bath. Distillation is discontinued when benzene no longer
comes over or when nitrous fumes (from incompletely removed

m-NITROBENZALDEHYDE NDIMETHYLACETAL 73

nitric acid) appear. The residual m-nitrobenzaldehyde is suffi-
ciently pure for use in the next step (Note 5).

B. m-Nitrobenzaldehyde dimethylacetal. 'The above crude
product is dissolved in 750 ml. of technical anhydrous methanol,
1 ml of concentrated hydrochloric acid is added if necessary
(Note 6), and the solution is allowed to stand at room temper-
ature for 5 days (Note 7). A solution of sodium methoxide in
methanol is added until the solution is just alkaline to moistened
litmus paper. The methanol is removed by distillation on a
steam bath; the residue is cooled to room temperature and treated
with cool water to dissolve the inorganic salts. The aqueous
solution is extracted with two 50-ml. portions of ether, and the
extracts are added to the crude acetal. The solution is sub-
jected to a preliminary drying over anhydrous magnesium
sulfate (or sodium sulfate), filtered, and then dried for at least
12 hours over anhydrous sodium carbonate. After the ether
has been removed by distillation on a steam bath the residue is
distilled under reduced pressure from a 500-ml. Claisen flask.
The yield of the light yellow liquid acetal, boiling at 141-143°/8
mm. (Note 8), is 300-335 g. (76-859,) (Note 9).

2. Notes

1. Commercial benzaldehyde may contain some benzoic acid,
When taken from a previously unopened bottle, U.s.P. benzalde-
hyde usually is quite satisfactory. If there is any doubt concern-
ing its purity, the aldehyde may be washed with dilute sodium
carbonate solution, dried over anhydrous sodium carbonate,
and distilled under diminished pressure just before use.

2. Two 4-1. beakers may be used.

3. A small amount of an oily liquid passes through the filter;
this material is a mixture of the oriko and meta isomers. If a
very pure product is desired, this oil may be discarded, although
some of the meta isomer will be lost. It is usually satisfactory
to combine it with the solid material, the m-nitro acetal being
obtained in a state of purity sufficient for most purposes in the
final distillation.

4. A small amount of a solid hy-product is removed.
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5. If pure m-nitrobenzaldehyde is desired the benzene solu-
tion, diluted with more of the solvent, is washed with aqueous
bicarbonate solution until the washings are alkaline to litmus
paper, and thoroughly dried over anhydrous sodium sulfate.
The solvent is removed, and the aldehyde is distilled under re-
duced pressure from a Claisen flask connected to an air-cooled
condenser. The yield of material boiling at 119-123°/4 mm. is
226-254 g. (75-849,). The product readily crystallizes in the
receiver.

6. When nitrous fumes are observed, there usually is enough
acid present to catalyze the acetal formation.

7. The yield is not increased by extending the reaction
period beyond 5 days.

8. The acetal boils at 116-119°/1 mm., 122-126°/2 mm.,
130-132°/3 mm. The boiling range depends somewhat upon
the rate of distillation.

9. The submitters obtained yields in the upper part of this
range from runs twice the size described. They have stored
samples of the product for as long as 4 years without deterioration.

3. Methods of Preparation

The only satisfactory method for the preparation of m-nitro-
benzaldehyde is the direct nitration of benzaldehyde with a
mixture of nitric and sulfuric acids. The procedure described is
essentially that of Baker and Moffitt.!

m-Nitrobenzaldehyde dimethylacetal has been prepared from
the aldehyde and methanol in the presenc- - formiminomethyl
ether hydrochloride % or Twitchell’s reage Ye acid catalyst.

1 Baker and Moffitt, J. Chem. Soc., 1931, 314.
3 Claisen, Ber., 81, 1016 (1898).
2 Zaganiaris, Ber., 71, 2002 (1938).
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7. The submitter states that a number of aromatic mono-
and dinitriles have been prepared by this procedure with slight
or no modification in the temperature. The reaction mixtures
were usually worked up by the acetone-ammonia method de-
scribed in Note 6. Among the compounds prepared by this
method are o-nitrobenzonitrile, o-bromobenzonitrile, m-methoxy-
benzonitrile, 4 4’-dicyanodiphenylsulfone, 4,4'-dicyanostilbene,
a,y-di-(4-cyanophenoxy)propane. With the last, a temperature
of 185-190° for 20 minutes gave the best results. The yields
before purification ranged between 759, and 959, and after
purification between 639 and 79%. Aliphatic acids give low
yields of the corresponding nitriles and, in some cases, chlorinated
by-products.

3. Methods of Preparation

p-Nitrobenzonitrile has been prepared by the action of phos-
phorus pentoxide on p-nitrobenzamide,*? by the Sandmeyer
reaction on p-nitroaniline®* by thermal decomposition of p-
nitrophenylglyoxylic acid oxime,? by the thermal decomposition
of o-benzoyl-p-nitrobenzaldoxime,® by the action of acetic an-
hydride and phosphorus pentoxide on p-nitrobenzaldoxime,” by
the action of fused sodium chloride-aluminum chloride on
p-nitrobenzamide,® and by the action of tertiary amines on
syn-p-nitrobenzaldoxime benzoate.%1°

1 Engley, Ann., 149, 298 (1869).

2 Fricke, Ber., 7, 1321 (1874).

3 Sandmeyer, Ber 18, 1492 (1885).

4 Bogert and Kohnstamm J. Am. Chem. Soc., 25, 479 (1903).

5 Borsche, Ber., 42, 3597 (1909).

6 Neber, Hartung, and Ruopp, Ber., 58B, 1234 (1925).

" Bogoslovskii, J. Gen. Chem. U.S.S.R., 8, 1784 (1938) [C.4., 33, 4973 (1939)].
8 Norris and Klemka, J. Am. Chem. Soc., 62, 1432 (1940).

9 Hauser and Vermillion, J. Am. Chem. Soc., 63, 1224 (1941).

1 Vermillion and Hauser, J. Am. Chem. Soc., 63, 1227 (1941).
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5-NITRO-2,3-DIHYDRO-1,4-PHTHALAZINEDIONE
(1,4-Phthalazinedione, 5-nitro-2,3-dihydro-)

(0]
|
. C
COOH yon (“NCOONa wianso, (N \1TH
COOH COONa T Ee NH
Nozﬂ,
O

Submitted by CarL T. REpemManN and C. ERNST REDEMANN.
Checked by Crirr S. Hamirron and Carr L. CARLSON,

1. Procedure

In a 16-cm. evaporating dish are placed 42:2 g. (0.2 mole)
of 3-nitrophthalic acid,! 50 ml. of water, and a few drops of
phenolphthalein indicator solution. The mixture is made faintly
alkaline to phenolphthalein with about 66 ml. (0.4 mole) of 6 N
sodium hydroxide solution (Note 1), the last portions of which
are added slowly with good stirring so that the end point may be
observed. The color of the phenolphthalein is discharged by
the addition of 0.2-0.3 g. of the 3-nitrophthalic acid, and 26.0 g.
(0.2 mole) of hydrazine sulfate? is added. The solution is
evaporated to dryness over a sand bath, with stirring at the
latter part of the evaporation (Note 2), and the residual solid
is cooled, ground in a mortar to a fine powder, and placed in
a 200-ml. conical flask with 25 ml. of tetralin (Note 3). The
mixture is heated at 160-170° for 3 hours and allowed to cool.
After the addition of 50 ml. of benzene the solid is collected on
a Biichner funnel and pressed down well, and most of the benzene
is removed by suction. The solid is then washed with two
25-ml. portions of ether and allowed to stand in the air until
the odor of cther is no longer detectable. The resulting material,
weight 62 68 g., is an cquimolar mixture of sodium sulfate and
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5-nitro-2,3-dihydro-1,4-phthalazinedione, and it may be used
directly for preparing S-amino-2,3-dihydro-1,4-phthalazinedione
(luminol, p. 8).

For purification, the crude material is suspended in 600-700
ml. of boiling water, and solid sodium carbonate is added in
portions until the nitro compound has dissolved. Decolorizing
carbon is added cautiously, and the suspension is boiled for a
few minutes and filtered. The clear red-brown filtrate is acidified
with concentrated hydrochloric acid, and the 5-nitro-2,3-dihydro-
1,4-phthalazinedione is precipitated as a cream-colored flocculent
solid. The solution is allowed to cool to room temperature, and
the solid is separated by filtration and dried. The product thus
obtained weighs 31-32 g. (75-78%) and has a melting point of
315-316° (dec.) when determined with the Kullman copper
block (Note 4).

2. Notes

1. The strength of the sodium hydroxide solution is not
critical; the equivalent amount of a solution of a different con-
centration may be used.

2. It is wise to cover the hand with a cloth or a glove while
stirring, for the hot mixture may spatter if the heating is too
rapid. The evaporation may be finished by transferring the
evaporating dish to an oven shortly after the solid begins to
separate. It is necessary to continue the evaporation until the
solid is completely dry.

3. In an optional procedure the dry powder is heated in an
oven at 160-170° for 3 hours.

4. No satisfactory solvent has been found for the recrystal-
lization of S-nitro-2,3-dihydro-1,4-phthalazinedione, but this
precipitation gives a satisfactory product, free of sodium sulfate.
The melting points given in the literature range from 297°
to 320°.

3. Methods of Preparation
5-Nitro-2,3-dihydro-1,4-phthalazinedione has been prepared

by heating 3-nitrophthalic acid with a large cxcess of hydrazine
hydrate,* by heating 3-nitrophthalic acid with hydrazine sulfate ¢
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and sodium acetate, and by heating the nitro acid with hydrazine
hydrate in alcohol at 150°.8

1 Org. Syntheses Coll. Vol, 1, 408 (1941).

2 Org. Syntheses Coll. Vol. 1, 309 (1941).

8 Bogert and Boroschek, J. Am. Chem. Soc., 23, 740 (1901).

¢ Huntress, Stanley, and Parker, J. Am. Chem. Soc., 56, 241 (1934).
8 Ridulescu and Alexa, Z. physik. Chem., B8, 393 (1930).

OLEYL ALCOHOL
(9-Octadecen-1-o0l)

CH3(CH2)7CH=CH(CH2)7COOC2H5 + 4Na + 3C2H5OH g
CH3(CH2)7CH=CH(CH2)7CH20H + 4C2H50N3.

Submitted by Homrr Apkins and R. H. GILLESPIE,
Checked by Crirr S. Hamirron, C. W. WINTER, and ALFRED STEPAN.

1. Procedure

In a 3-1. round-bottomed flask fitted with a large-bore reflux
condenser are placed 200 g. (230 ml., 0.65 mole) of ethyl oleate
(Note 1) and 1.5 1. of absolute ethanol (Note 2). Through the re-
flux condenser is added 80 g. (3.5 gram atoms) of sodium rapidly
enough to keep up a vigorous reaction. The flask is shaken
occasionally. After the initial reaction has subsided, about 200
ml. more of absolute alcohol is added, and the mixture is heated
on a steam bath until all the sodium has reacted. Then 500 ml.
of water is added, and the mixture is refluxed for 1 hour to
saponify the unreacted ester. The mixture is cooled, and 1.2 1. of
water is added. The unsaponifiable fraction is extracted with
ether, and the extracts are washed with 19, potassium hydroxide
solution and then with water till free of alkali when tested ex-
ternally with phenolphthalein. The ether extract is dried over
sodium sulfate, the ether removed by distillation, and the residue
distilled through an efficient column (Note 3). A yield of 84-89 g.
(49-5197), b.p. 150-152°/1 mm., is obtained.

Fifty grams of the crude oleyl! alcohol is crystallized from 400
ml. of acctone at —20° to —25° (Note 4) in a jacketed sintered-
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glass funnel (Note 5). The residue, amounting to about 25 g.,
is then recrystallized from 250 ml. of acetone at —5° (Note 6)
to remove saturated alcohols. The oleyl alcohol in the filtrate
is recrystallized at —60° to —65° (Note 7) and then distilled
from a 25-ml. flask with a thermometer well and a low side arm.
The yield is 13-16 g., b.p. 148-150°/less than 1 mm.; #3 1.4590.

2. Notes

1. The ethyl oleate used by the submitters was prepared
by esterification of commercial U.s.p. grade oleic acid and frac-
tionated through a Widmer column. The fraction boiling at
160-170°/1 mm., #% 1.4482-1.4570, iodine value 83.6 (calculated
81.8), was used. The checkers distilled ethyl oleate (technical,
Eastman Kodak Company) and used the fraction boiling at
164-166°/1 mm., #5 1.4522.

2. The purity of the absolute alcohol is of prime importance.
Alcohol dried only by a lime process gives a low yield (20-25%,).
The alcohol used in this procedure was dried over lime and then
over aluminum Zer?.-butoxide, after which it was distilled directly
into the flask used for the reaction.

3. The submitters used a modified Widmer column; the

“checkers, a Claisen flask modified with a short Vigreux column.

4. The temperature is controlled by selecting a liquid whose
freezing point is approximately the temperature at which one
wishes to carry out the crystallization, and crushed Dry Ice is
added with stirring to keep just a slush. There must be an
intimate mixture of solid and liquid at all times. Carbon tetra-
chloride was used for temperatures of —20° to —25°,

5. The apparatus was as follows:

A 50-ml. Pyrex sintered-glass funnel, with a sealed-on exten-
sion tube, was jacketed with an inverted 500-ml. wide-mouth
bottle with the bottom cut off and the edges ground smooth.
The jacketed funnel was then placed in a 250-ml. suction flask,
the side arm of which was connected to a three-way stopcock.
One arm of the stopcock was connected to a water aspirator, the
other to a large test tube (114 in. by 8 in.) fitted with a two-hole
stopper.  Ifrom the second hole in this stopper was led a tube
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extending to the bottom of a smaller test tube partly filled with
mercury. During crystallization, this large test tube was filled
three-quarters full of Dry Ice, the carbon dioxide gas evolved
being allowed to bubble up through the bottom of the sintered-
glass funnel. This prevents the solution from filtering through
and also stirs the solution by the rise of small carbon dioxide
bubbles, and hence induces crystallization. The porosity of the
sintered-glass funnel is a factor in the size and number of bubbles
formed. The mercury trap may be raised or lowered to adjust
the pressure, and to act as a vent to prevent the accumulation of
carbon dioxide to give excessive pressures. After crystallization
had taken place (about 1 hour) the stopcock was turned to the
aspirator and the solution immediately filtered. With this
apparatus, about 80 ml. of solution may be crystallized at a time,
and no transferring from one container to another is necessary.
The checkers found it more convestient to use a 500-ml. sintered-
glass funnel along with a proportionally larger bottle, flask, etc.
The 400 ml. of acetone solution was then poured into the funnel
in 50-ml. portions with adequate cooling intervals.
6. A crushed ice-salt bath was used.
7. A Dry Ice-chloroform bath was used.

3. Methods of Preparation

Oleyl alcohol has been prepared by the action of sodium and
absolute alcohol on ethyl oleate,! by the action of sodium and
absolute butyl alcohol on butyl oleate,? and by the action of
sodium and absolute fert.-butyl alcohol on ethyl oleate.? This
procedure is essentially that of Kass and Burr,* who prepared
linoleyl alcohol. The purification step was derived from the low-
temperature crystallization technique of Hartsuch.5

! Bouveault and Blanc, Bull. soc. ckim. France, (3) 81, 1210 (1904),
2 Org. Syntheses Coll. Vol. 2, 468 (1943).

3 Hausley, Ind. Eng. Chem., 89, 54 (1947).

* Kass and Burr, J. Am. Chem. Soc., 62, 1796 (1940).

8 Hartsuch, J. Am. Chem. Soc., 61, 1142 (1939).
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a-PHENYLCINNAMONITRILE
(Acrylonitrile, a,B-diphenyl-)
CeHsCHO + CeHsCH,CN 229 ¢ H,CH=C—CN + H,0

CeHs

Submitted by STaANLEY WawzoNEK and Epwin M. SMoLIN,
Checked by Crirr S. HamrrtoN and KaRL W, R. JOHNSON,

1. Procedure

In a 2-1. beaker fitted with a strong, efficient, mechanical
stirrer is placed a mixture of 106 g. (101 ml., 1 mole) of freshly
distilled benzaldehyde and 117 g. (1 mole) of purified dry benzyl
cyanide (Note 1), in 650 ml. of 959, ethanol (Note 2). To this
mixture is added dropwise, with stirring, a solution of 7 g. of
sodium ethoxide in 50 ml. of absolute ethanol (Note 3). When
40-50 ml. has been added, the mixture becomes warm, turns
cloudy, and solidifies. Mecchanical stirring is continued as long
as possible, and then the mixture is stirred by hand with a thick
stirring rod in order to break up the lumps that form. The mix-
ture is cooled in an ice bath (Note 4), and the product is sepa-
rated by filtration. The filtrate is removed and may be saved
(Note 5). The white mass is washed first with 200 ml. of distilled
water, then with 50 ml. of 959, ethanol to remove unchanged
reagents. The nitrile is dried at 25° and melts at 86-88°. The
yield is 178-199 g. (87-97%) of product sufficiently pure for
most purposes. Recrystallization from 700 ml. of 959, ethanol
gives 170-187 g. (83-91%) of a pure, white product melting at
88° (Note 6).

2. Notes

1. The benzyl cyanide may be purified by a procedure de-
scribed earlicr.! If commercial benzyl cyanide is used, the yield
is between 807, and 907, of a slightly yellow product. Two re-
crystallizations are necessary f{or purification,
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2. Denatured alcohol (Formula 3A) containing 109, absolute
methanol is a satisfactory solvent for recrystallization.

3. A 409, solution of sodium hydroxide may also be used as
the condensing agent; 35-60 ml. is required. With this reagent,
the product is less pure and needs an additional recrystallization.
The yields range from 709, to 829.

4. This preliminary cooling helps to prevent clogglng of the
20-cm. Biichner funnel used during filtration.

5. An additional 10-21 g. of crude nitrile melting at 84-86°
can be obtained by evaporating the combined alcoholic filtrates
to a volume of 300 ml. Two or three recrystallizations from 95%,
cthanol are necessary to raise the melting point to 88°.

6. Similar yields of substituted e-phenylcinnamonitriles can
be obtained using p-methoxybenzyl cyanide and anisaldehyde, or
benzyl cyanide and anisaldehyde.2?

3. Methods of Preparation

a-Phenylcinnamonitrile can be prepared from benzaldehyde
and benzyl cyanide with no solvent and with sodium ethoxide as
a catalyst.! Sodium hydroxide 5 (409,) or piperidine ¢ may also
be used as catalysts. The nitrile has been made by the condensa-
tion of benzyl cyanide and excess benzyl chloride with strong
sodium hydroxide at 170°7# and by heating «,8-diphenylsuc-
cinonitrile with alcohol at 180° in a sealed tube ¢ or at 230-250°
under 100-110 mm. pressure with palladium.®

This method is a modification of that of De Schuttenbach.

1 Org. Syntheses Coll. Vol. 1, 108 (1941),

? Wawzonek, J. Am. Chem. Soc., 68, 1157 (1946).

3 Niederl and Ziering, J. Am. Chem. Soc., 64, 885 (1942).

4 De Schuttenbach, Ann. chim., (11) 6, 90 (1936).

8 Walther, J. prakt. Chem., (2) 53, 454 (1896).

8 Knoevenagel, Ger. pat. 94,132 [Chem. Zentr., 69, 228 (1898)].
" Neure, Ann., 250, 155 (1888).

8 Janssen, Ann., 250, 129 (1888).

9 Chalaney and Knoevenagel, Ber., 25, 297 (1892).

1 Knoevenagel and Bergdott, Ber., 36, 2861 (1903).
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PROTOCATECHUIC ACID
(Benzoic acid, 3,4-dihydroxy-)

CHO CO;K
+ 4KOH ~ + 3Hy + HCO2K + H0

OCHj; OK
OH OK

COgK CO,H

+ 3HCl — -+ 3KC!

OK OH

OK OH

Submitted by IRWIN A. PEARL.
Checked by C. F, H. Arren and CarLvin WoLF.

1. Procedure

In a stainless-steel beaker of approximately 3-1. volume (180
mm. by 150 mm.) (Note 1), equipped with an efficient mechanical
stainless-steel stirrer and heated by an electric hot plate, are
placed 84 g. (2 moles) of 979, sodium hydroxide pellets, 332 g.
(5 moles) of 85%, potassium hydroxide pellets (Note 2), and 50
ml. of water. The mixture is stirred and heated. When the tem-
perature of the fluid mixture reaches 160°, 152 g. (1 mole) of va-
nillin is added in portions over a period of 2.5-3 minutes at a rate
sufficient to maintain the reaction (Note 3). The temperature
at this point is 190-195°. Stirring is continued and heat is
applied until the temperature reaches 240-245° (Note 4). The
temperature is maintained at 240-245° for 5 minutes. The hot
plate is removed, and the mixture is allowed to cool with stirring.
When the mixture has cooled to about 150-160°, 1 1. of water is
added, and the mixture is stirred until all the fusion mixture is
dissolved. The solution is transferred to a 4-1. beaker, another
500 ml. of watcr is added, and sul{ur dioxide gas is introduced for
2 minutes (Note 5); the mixture is then completely acidified
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with 1.5 1. of 6 N hydrochloric acid. The acidified mixture is
cooled in an ice bath (5°) for 2 hours, and the crystalline precipi-
tate is filtered, washed on the filter with two 100-ml. portions of
ice water, and air dried. The tan crystals of protocatechuic acid
melting at 196-198° weigh 90-100 g. Extraction of the filtrate
and washings with two 1-1. portions of ether yields an additional
45-5S g. of protocatechuic acid melting at 190°. The total yield
of crude protocatechuic acid amounts to 135-153 g. (89-9997)
(Note 6).

2. Notes

1. In the checkers’ opinion a 2-1. beaker is sufficiently large,
and the contents are easier to stir. Iron or nickel pots have also
been used. )

2. The exact proportion of sodium hydroxide to potassium
hydroxide is not too critical as long as the total amount of alkalj
is more than 7 moles. Mixtures containing from 109, to 60
sodium hydroxide become fluid between 120° and 130°. In-
creased percentages of sodium hydroxide in the mixture result in
darker protocatechuic acid, but yields are not affected until 7097,
sodium hydroxide is reached.

3. This reaction is the oxidation of vanillin to vanillic acid
with the liberation of hydrogen.

4. The demethylation of vanillic acid to protocatechuic acid
takes place to a slight degree between 210° and 235° but goes to
completion only at temperatures above 240-245°,

5. The sulfur dioxide treatment prevents the formation of
a very dark-colored product when the reaction mixture is acidi-
fied with a strong acid.

6. The first crop of acid is a light tan and is suitable for most
purposes. It can be improved slightly by recrystallizing from
hot water, with 3 ml. per g. and 1 g. of Norite for every 10 g.
of acid; the recovery is 75%, the remainder being retained by
the charcoal. This recrystallized acid is a cream color and melts
at 199-200°. If the Norite is omitted, the recovery is 90%, m.p.
198-199°, and color unchanged.

The second crop is of decidedly inferior quality. Tt is easily
purificd as follows: Fiftecen grams of crude product is dissolved
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in 100 ml. of 10%, sodium hydroxide solution at room tempera-
ture, 2 g. of Norite is added, and the mixture is stirred for 10
minutes and filtcred. Sulfur dioxide is then passed in for 2
minutes, after which 60 ml. of 6 N hydrochloric acid is added.
After chilling and standing, 10 g. (67%,) of purified protocatechuic
acid, m.p. 196-198°, is recovered.

3. Methods of Preparation

The only practical method for the preparation of protocate-
chuic acid is by the alkaline fusion of vanillin,»2

L Pearl, J. Am. Chem. Soc., 68, 2180 (1946).
? Tiemann and Haarman, Ber., 7, 617 (1874).

2-THIOPHENEALDEHYDE
+

+ (CHo)eNy  — ||| ” ] cl-
H,C CHs (CH2)6N4J
S S

[U o
(B) l CH2(CHz)sNy g CHO

Submitted by KenNeETH B. WIBERG.
Checked by Currr S. Hamiirox and J, L. PauLry.

1. Procedure

A. 2-Thienylmethylhexamethyleneletrammonium chloride. In a
1-1. round-bottomed flask are placed 67 g. (0.5 mole) of 2-chloro-
methylthiophene (p. 31), 400 ml. of chloroform, and 70 g. (0.5
mole) of hexamethylenetetramine. The flask is fitted with a re-
flux condenser, and the mixture is boiled gently for 30 minutes.
The mixture is cooled, and filtered on a Biichner funnel. The
precipitate is washed with 100 ml. of cold chloroform, drained
thoroughly, and air-dricd. The yicld is 128-136 g. (94-999) of
a white powder.
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B. 2-Thiopheneaidehyde. The hexamethylenetetrammonium
salt is placed in a 2-1. round-bottomed flask containing 400 ml. of
warm water. The flask is fitted for steam distillation, and steam
is passed in until all the aldehyde has distilled (Note 1). The
distillate is cooled, 10 ml. of 6 N acetic acid is added (Note 2),
and the aldehyde is extracted with two 100-ml. portions of ether.
The ether solution is dried over anhydrous calcium chloride, and
the ether is evaporated on a steam bath until the volume of the
solution has decreased to about 50 ml. The solution is placed in
a 100-ml. Claisen flask, the ether is removed by distillation, and
the aldehyde distilling at 89-91°/21 mm., #% 1.5880, is collected.
The yield is 27-30 g. (48-53%) of a colorless oily liquid which
darkens slowly on standing (Note 3).

2. Notes

1. About 1.5 1. of distillate is collected before all the thio-
phenealdehyde is distilled over.

2. The acetic acid is added to remove traces of amines that
come over in the steam distillation. This method of purification
must be used because of the high solubility of the bisulfite addi-
tion compound of the aldehyde.

3. If the aldehyde is to be stored for any period of time, the
addition of a small amount of hydroquinone is advisable.

3. Methods of Preparation

2-Thiophenealdehyde has been prepared by the decarboxyla-
tion of 2-thienylglyoxalic acid,! by the action of 2-thienylmagne-
sium iodide on ethyl orthoformate followed by hydrolysis of the
acetal,? in small yields by the Rosenmund reduction of 2-thio-
phenecarboxylic acid chloride,® in small yields by the action of
hydrogen cyanide, hydrogen chloride, and aluminum chloride on
thiophene using benzene as a solvent,! by a series of reactions
from 1-chloro-2,3-diketocyclopentane,® by the hydrolysis of
2-thienylmethylhexamethylenetetrammonium chloride in neutral
solution,® and by the action of N-mcthylformanilide on thiophene
in the presence of phosphorus oxychloride.”
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1 Biedermann, Ber., 19, 636 (1886).

% Grischkewitsch-Trochimowski, J. Russ. Phys. Chem. Soc., 44, 570 (1912).
3 Barger and Easson, J. Chem. Soc., 1938, 2100.

4 Reichstein, Helv. Chim. Acta, 13, 349 (1930).

5 Hantzsch, Ber., 22, 2838 (1889).

8 Dumi, Waugh, and Dittmer, J. Am. Chem. Soc., 68, 2118 (1946).
7King and Nord, J. Org. Chem., 13, 635 (1948).

1,2, 6-TRIHYDROXYPENTANE
(1,2,5-Pentanetriol)
H,C

CH,
| | + 2(CH3C0)30 —
H,C CH—CH,0H

N/
0

Hz(l}——(lng
H,C CH—CIH,—0OOCCHj; + CH3COOH

CH3;COO OOCCH;3
H,C—CH,

I
H,C CH—CH,—OOCCH; 4 3H,0 2%,

CH3COO OOCCH;4
HOCH,CH,CH,CH(OH)CH,OH + 3CH3COOH

Submitted by OLIvir GRUMMITT, JAMES A. STEARNS, and
A. A, ARTERS.

Checked by EucENE DINEEN, CHRISTOPHER L. WiLson, and
Cuaryres C. PRICE.

1. Procedure

In a 5-1. three-necked flask fitted with a mercury-sealed me-
chanical stirrer, a 500-ml. dropping funnel, and an efficient reflux
condenser are placed 2630 ml. (2856 g., 28 moles) of acetic anhy-
dride and 57 g. of crushed anhydrous zinc chloride. This mixture
is stirred and brought to gentle boiling. After 5~10 minutes at
reflux, 680 ml. (714 g., 7 moles) of redistilled tetrahydrofurfuryl
alcohol (Note 1) is added from the dropping funnel at such a rate
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that the mixture refluxes vigorously. This addition requires
about 30 minutes. The mixture is then stirred and refluxed
gently for 24 hours. After being cooled, about one-half of the
liquid is decanted from the zinc chloride residue through a glass
wool plug in a funnel into a 2-1. Claisen flask and then distilled
under reduced pressure. The second portion is likewise distilled.
The total weight of fore-run is 1740-1780 g. (Note 2). The
1,2 5-triacetoxypentane is collected at 155-165°/14 mm. The
yield is 1500-1550 g. (87-909%,).

Fifteen hundred grams (6.1 moles) of the ester and 1.2 1.
of 19, sulfuric acid (6.9 ml. of concentrated acid in 1.2 1. of solu-
tion) are added to a 5-1. round-bottomed flask fitted with a reflux
condenser. The mixture is heated strongly and agitated by tilt-
ing the ring stand back and forth until the two layers become
homogenesus. This initial hydrolysis step requires 15-30 min-
utes. When homogeneity is attained, the tlask and condenser
are set for steam distillation. The flask is heated by a Meker
burner to maintain approximately constant volume, and the
mixture is vigorously steam-distilled until 20 1. of distillate has
been collected (Note 3). The residue is allowed to cool and then
made basic to litmus paper by the addition of 10-20 g. of lime
in small portions with vigorous agitation. The calcium sulfate
is removed by suction filtration, the filtrate tested again with
litmus paper to make certain that it is basic (Note 4), and the
filtrate distilled under reduced pressure. This is most conven-
iently done by placing about one-half of the solution in a 2-1.
Claisen flask, heating the flask in an oil bath at 100-110°, and
distilling the water under the pressure of the water pump. The
remainder of the filtrate is added, the water is removed, and the
distillation is continued with an oil or mercury-vapor pump. The
yield of 1,2,5-trihydroxypentane collected at 167-170°/0.5-1.0
mm. is 460-520 g. (63-719%); n5 1.4730 (Note 5).

2. Notes

1. Tetrahydrofurfuryl alcohol from the Quaker Oats Com-
pany was redistilled, and the portion boiling at 175-177° was
used. If the 1001 industrial grade of alcohol is used without
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purification, the yield of triacetate is about 709, of the theoretical.

2. This consists mostly of acetic acid, acetic anhydride, and
some tetrahydrofurfuryl acetate. By {fractional distillation
through a 15-in. glass-helix-packed column, 14 in. in diameter,
about 700 g. of acetic acid boiling at 117-125° and about 1075
g. of acetic anhydride boiling at 137-142° can be recovered.

3. With 10-mm. glass tubing for the steam inlet and outlet
and an efficient condenser the maximum rate of steam distilla-
tion is 3 1. per hour. The 20 L. of distillate collected contains
959 of the calculated yield of acetic acid. The removal of the
acetic acid is slow because the rate of hydrolysis in the final
stages appears to be slow and the rate of acetic acid distillation
is slow. The remainder of the acid is collected so slowly that it
is not considered worth while to distil further, although the yield
of product can be slightly increased.

4. If an acidic solution is distilled, the yield of product is de-
creased, probably because of dehydration and etherification re-
actions.

5. Analysis of this product for hydroxyl group content by
the acetic anhydride-pyridine method gave 40.09, compared to
a calculated value of 42.59, indicating a purity of 949.

3. Methods of Preparation

1,2,5-Trihydroxypentane has been made by saponification of
1,2,5-triacetoxypentane with barium hydroxide 2 and by hydrol-
ysis with 0.1 ¥ hydrochloric acid® The triacetoxypentane has
been made by the action of potassium acetate and acetic anhy-
dride on 4,5-dibromopentanol-1 ! or 1,2,5-tribromopentane ** or
1-chloro-4,5-diacctoxypentane,® but it is most conveniently made
by the reaction of acetic anhydride with tetrahydrofurfuryl
alcohol.** The present method is a modification of that de-
scribed by Wilson.?

t Paul, Compl, rend., 192, 1574 (1931).

3 Paul, Ann. ckim., (10) 18, 303 (1932).

? Wilson, J. Chem. Soc., 1945, 48,

CPpul, Bull. soc. chim, France, 53, 417 (1933).
b Paul, Compt. rend., 2U1, 645 (1940).



92 ORGANIC SYNTHESES

TRIMETHYLENE OXIDE
(Oxetane)

CH;3;COOCH,CHCH,Cl1 4- 2KOH —
CH.CH,CH, + KCl 4- CH3COOK + H,0

0

Submitted by C. R. NOLLER.
Checked by C. F. H. ALLEN and F. W. SPANGLER.

1. Procedure

A 3-1. Pyrex flask (Note 1) is fitted with an efficient mechan-
ical stirrer, a dropping funnel, a thermometer, and an upright
tube (Note 2) to act as an air condenser and to carry the trimeth-
ylene oxide vapors through a spiral condenser. In the flask are
placed 1344 g. (24 moles) of potassium hydroxide and 120 ml. of
water. The contents are heated to about 140° with stirring
(Note 3). The upper part of the flask should be kept sufficiently
hot so that the potassium hydroxide mush which is thrown up
on the sides does not solidify. The spiral condenser is then
packed with an ice-salt mixture, and 1092 g. (8 moles) of y-chloro-
propyl acetate (p. 33) (Note 4) is slowly run into the flask by
means of the dropping funnel so that the distillate comes over
at the rate of about one drop a second. The time required for
the addition is 1.5-3 hours. After all the ester had been added,
the mixture is stirred, with continued heating at 140-150°,
until the distillate amounts to 250-400 g., depending on how
efficiently the air condenser has separated the trimethylene oxide
from higher-boiling substances. About 100 g.. of potassium
hydroxide pellets is added to the crude distillate, which is then
distilled through a 25-cm. fractionating column packed with
14-in. Berl Saddles. By careful distillation the trimethylene oxide
can be obtained in a single fractionation, the portion boiling at
45-50° being collected. The higher-boiling residuc still contains
some trimecthylene oxide, but consists mostly of water, allyl
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alcohol, and unchanged y-chloropropyl acetate. The yield is
195-205 g. (42-449,). Redistillation over freshly fused potassium
hydroxide gives a product boiling at 47-48°; n% 1.3905.

2. Notes

1. A half-gallon jacketed iron autoclave may be employed.

2. A plain 90-cm. 10-mm. tube or a 30-cm. Vigreux column
is equally satisfactory.

3. An electric heating mantle is advisable. The reaction is
exothermic, and if it appears to become too vigorous the current
is temporarily discontinued.

4. The submitter states that a yield of 20-259, may be
obtained when trimethylene chlorohydrin is substituted for the
acetate, with two moles of potassium hydroxide and 10 ml. of
water per mole of chlorohydrin.

3. Methods of Preparation

This procedure is an improvement upon that of Reboul,! and
of Derick and Bissell.? Reboul, as also did Ipatow,® used tri-
methylene chlorohydrin, but the yield is higher from the acetate.

1 Reboul, Ann. chim., (5) 14, 495 (1878).

2 Derick and Bissell, J. Am. Chem. Soc., 38, 2478 (1916).

3 Ipatow, J. Russ. Phys. Chem. Soc., 46, 67 (1914) [C.A., 8, 1965 (1914); Chem.
Zentr., 85, 1, 2161 (1914)].
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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, I
ACENAPHTHENOL-7, 21, 1
ACENAPHTHENOL ACETATE, 21, 1
Acenaphthenonc, 21, 3
$-3-ACENAPHTHENYLCARBONYLPROPI-
ONIC ACID, 20, 1
B-(1-ACENAPHTHOYL)-PROPIONIC ACID,

20, 4

B~(3-ACENAPHTHOYL)-PROPIONIC ACID,
20, 7

Acetal, 23, 8; 26, 1

ethyl formate method, 25, 93

Acetaldehyde, 23, 61, 84; 24, 62; 27, 24;
28, 28

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

ACETALDEHYDE, BROMO-, DIETHYL ACE~-
TAL,'28, 8; 24, 3

Acetamide, 25, 36

$-ACETAMINOBENZENESULFINATE, SODI-
uM, 22, 31

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

Acetanilide, 28, 26

ACETANILIDE, a-BENZOYL, 26, 7

ACETANILIDE, p-CHLOROACETYL, 28, 26

Acetic acid, 22, 57, 87; 28, 37; 24, 76;
28, 63, 92; 29, 33

ACETIC ACID, AMINOGXY-, HYDROCHLO-
RIDE, 27, 15§

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

ACETIC ACID, BROMO-, ETHYL ESTER, 23,

7

ACETIC ACID, CHLORO-, VINYL ESTER, 28,
94

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

Acetic anhydride, 20, 6, 55, 75, 102; 21,
13,105; 23, 1, 54, 50, 91; 28, 37, 64;

96

24, 18, 76, 85; 25, 78; 27, 38; 28, 1,
3, 60, 63, 68, 70; 29, 14, 50, 89
ACETOACETANILIDE, 21, 4; 24, 68
ACETOBROMOGLUCOSE, 22, I, 25, 53
Acetone, 20, 6, 8, 40, 43, 62; 22, 101; 23,
66, 79; 26, 38; 28, 49, 73
drying, 20, 7; 25, 54
pyrolysis to ketene, 21, 64, 65
“Acetone-anil,” 28, 49
Acetone carboxymethoxime, 27, 15
Acetone cyanohydrin, 20, 42, 43; 29, 61
Acetonitrile, 24, 6
ACETONITRILE, DIETHYLAMINO-, 27, 20
ACETONITRILE, DIPHENYL-, 28, 55
Acetophenone, 20, 32; 21, 39; 22, 99;
23, 30, 48, 68; 24, 9, 82
ACETOPHENONE, 2,4-DIHYDROXY-, 21,
103
ACETOPHENONE, 2,5-DIHYDROXY-, 28,
42
Acetophenoneoxime, 22, 27
ACETOPHENONEPHENYLHYDRAZONE, 22,
98, 99
2-ACETOTHIENONE, 28, 1
Acetoxime, 27, 15, 17
1-ACETOXY-3-NAPHTHALDEHYDE, 21, 87
Acetylacetaldehyde, 27, 93
ACETYLACETONE, 20, 6; 21, 68
copper salt, 20, 6
Acetylation, 20, 21, 74
of an amine in aqueous solution, 25, 78
of fluorene, 28, 3
of gentiobiose, 22, 54
of glucose, 22, 1
of thiophene, 28, 1
of 6-trityl-g-d-glucose, 22, 56
ACETYLBENZOYL, 28, 1
Acetyl bromide, 23, 102
Acetyl chloride, 20, 21; 21, 46; 28, 100,
103, 105; 24, 41
1-ACETYLCYCLOHEXENE, 89, 1
Acctylene, 20, 40; 92, 101; 28, 94; 29, 47
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2-ACETYLFLUORENE, 28, 3, 63
N-Acetylisatin, 28, 70
ACETYLKETENE, 21, 64
9-ACETYLPHENANTHRENE, 28, 6
Acetylsalicylyl chloride, 23, 66
Acctylsalicylyl peroxide, 28, 66
Acetyl-o-toluidine, 22, 94
substituted, conversion to indoles, 22,
95
Acetylxylidines, conversion to indoles,
Acidolysis, 29, 5
of methyl acrylate, 29, 5
ACRIDINE, 5-(9-)AMINO-, 22, §
Acridone, 25, 5
Acrolein, 25, 1
ACROLEIN, DIETHYL ACETAL, 25, 1
Acrylates, 26, 20
ACRYLIC ACID, 29, 2
ACRYLIC ACID, B-BENZOYL, 29, 11
ACRYLIC ACID, #-BUTYL ESTER, 26, 18
ACRYLIC ACID, a,3-DIBROMO-3-FORMYL-,
217, 60
Acrylic esters, 26, 20
Acrylonitrile, 27, 3; 29, 53
ACRYLONITRILE, o,3-DIPHENYL-, 29, 83
Acylation by an ester, 23, 35; 28, 44
Acylchlororesorcinols, 20, 58
Acylresorcinols, 20, 58
Adapter for steam distillation, 22, 11
Addition, of ammonia to acrylonitrile,
27, 3
of bromine to a double bond, 23, 50;
23, 9; 24, 33; 27, 76
of bromine to an unsaturated acid,
22, 76, 82
of bromine to an unsaturated alde-
hyde, 25, 92
of bromine to an unsaturated ester,
27, 76
of bromine to an unsaturated ketone,
27,5
of a carboxylic acid to acetylene, 28,

of chlorine to aromatic iodo com-
pounds, 22, 69, 70

of a cyanide to a lactone, 22, 30

of cyanoacetic ester to p-benzo-
quinone, 26, 25

of ethanol to acrolein, 25, 1

of a Grignard reagent to a nitrile,
28, 6

of hydg(s)gen bromide to ethyl acrylate,

of hydrogen bromide to methyl acry-
late, 20, 64

of hydroxylamine to cinnamic acid,
22, 26

of a lithium ary! to an aldehyde, 28,
84

of a lithium ary! to cthylene oxide, 28,
85

Addition—Continued
of 3methylamine to ethyl acrylate, 20,
6

of methylamine to mesityloxide, 25,

of methylamine to methyl acrylate,
20, 37
of phenylhydrazine to carbon disul-
fide, 25,
of phenylmagnesium bromide to
phthalide, 27, 30
of sodium acetylide to cyclohexanone,
29, 47
of a thiol to an unsaturated nitrile,
29, 52
Addition tube, 20, 21
Adipyl chloride, 26, 58
bromination of, 26, 58
Air trap, 23, 42
Alanine, 23, 15
B-ALANINE, 27, 1
ALANINE, 8-(3,4-DIHYDROXYPHENYL)-N-
METHYL-, 22, 89, 91
dl-ALANINE, a-PHENYL-, 24, 9
Alcoholic hydrochloric acid, 22, 77, 83
standardization, 22, 80
Alcoholysis, 20, 67
of dibromoethy! acetate, 23, 8
of esters, 26, 19
of polylactic acid, 26, 4
Aldehyde synthesis, 20, 14; 28, 83
from acid chlorides by Rosenmund
reaction, 31, 84, 87, 88, 110
Gattermann, 23, 57
ALDEHVDOACID, 23, 76; 27, 60
Alkoxyanilines, 25, 10
Alkoxynitrobenzenes, 25, 10
2-Alkylaminoethanols, 26, 39
Alkylation, of alkylidenecyanoacetic
esters, 25,
of cyclohexanone, 28, 8
of ethyl acetoacetate, 27, 35
of nitrophenols, 25, 9
of thiourea, 22, 59
use of boron fluoride, 27, 35
Alkylchlororesorcinols, 20, 59
Alkylene bromide, 20, 24
Alkylene thioureas, 26, 35
Alkylidenecyanoacetic esters, 25, 48
Alkyl lactate, 26, 6
Alkyl phenyl selenides, 24, 91
S-ALKVLTHIURONIUM HALIDES, 22, 60
dl-ALLOTHREONINE, 20, 104
ALLOXAN, 23, 3
DIHYDRATE, 28, 3, 6
MONOHYDRATE, 21, §
TETRAHYDRATE, 28, 3
Allyl alcohol, 26, 4
Allyl bromide, 26, 49; 28, 8
Allyl chloride, 24, 97; 27, 7
Allyl cyanide, 24, 96, 97
2-ALLYLCYCLOIIEXANONE, 38, 8
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Allyl ether, 26, 5

ALLVL LACTATE, 26, 4

Alumina, activated, 23, 25
regeneration of, 23, 25

Aluminum, commercially pure (28), 21,

9
Aluminum alloy (17ST), 21, 9
ALUMINUM fert.-BUTOXIDE, 21, 8, 18, 39
Aluminum Jeri.-butoxide, 29, 81
Aluminum chloride, 20, 1, 29
anhydrous, 21, 25; 23, 57, 102; 24, 26,
70; 28, 3, 26, 42, 56; 29, 11, 39
Aluminum ethoxide, 21, 9
Aluminum isopropoxide, 21, 9
AMALGAMATED ZINC, 20, 57; 23, 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, 33, 68
of bromoacetal with use of high-pres-
sure hydrogenation bomb, 24, 3
of a-bromoisocaproic acid, 21, 75
of 6oé—bromo-f}-methylvaleric acid, 21,

of a-bromo-g-phenylpropionic acid,
21, 101
of 4-bromo-o-xylene, 28, 46
of 3-hydroxy-2-naphthoic acid, 22, 19
of a-nitronaphthalene, 28, 80
with hydroxylamine, 28, 80
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
0-AMINOBENZALDEHYDE, 28, 11
m-AMINOBENZALDEHYDE DIMETHYL-
ACETAL, 29, 6, 63
M-AMINOBENZALDEHYDE STANNICHLO-
RIDE, 25, 55
#-Aminobenzoic acid, 25, 86
2-Aminobenzothiazole, 22, 18
0-AMINOBENZVL ALCOHOL, 21, 10
a-AMINOBENZYL CYANIDE, 22, 23, 25
2-Amino-1-butanol, N-alkyl derivative,
26, 39
2-AMINO-p-CYMENE, 22, 9
a-AMINODIETHYLACETIC ACID, 22, 13
5-AMINO-2,3-DIHYDRO-1,4-PHTHALA-
ZINEDIONE, 29, 8, 79
4-AMINO-2,6-DIMETHYLPYRIMIDINE, 24, 6
a-AMINO-a-FETHYLBUTYRIC ACID, 22, 13
AMINOGUANIDINI: BICARBONATE, 26, 7,

Aminoguanidine sulfate, 28, 12
2-AMINOHEPTANE, 38, 70
dl-B-AMINOIIYDROCINNAMIC ACID, 38, 26

a-AMINOISOVALERIC ACID, 20, 106
Aminolysis of phenyl salicylate, 26, 92
2-AMINO-6-METHYLBENZOTHIAZOLE, 22,
16
1-Amino-2-methyl-2-propanol, N-alkyl
derivatives, 26, 39
2-Amino-2-methyl-1-propanol, 27, 12
a-AMINO-B-METHYLVALERIC ACID, 21, 60
3-AMINO-2-NAPHTHOIC ACID, 22, 19; 27,

47
1-Amino-2-naphthol-4-sulfonic acid, 21,
’
2-AMINO-4-NITROPHENOL, 3§, 5§
2-Amino-5-nitrotoluene, 20, 73; 22, 44
dl-o- AMINOPHENYLACETIC ACID, 22, 23
$-AMINOPHENYL DISULFIDE, 28, 14
dl-c-AMINO-a-PHENVLPROPIONIC ACID,
24, 9
dl-a-AMINO--PHENYLPROPIONIC ACID,
21, 99
dl-B-AMINO-B-PHENYLPROPIONIC ACID,

22, 26
3-Aminophthalhydrazide, 29, 10
1-Amino-2-propanol, N-alkyl deriva-
tives, 26, 39
2-Amino-1-propanol, N-alkyl deriva-
tives, 26, 39
3-Amino-1-propanol, N-alkyl deriva-
tives, 26, 39
B-AMINOPROPIONITRILE, 27, 1, 3
2-Aminopyridine, 26, 16
Amino sugar, 26, 36
p-Aminothiophenol, sodium salt, 28, 14
2-Amino-p-toluic acid, 27, 47
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 carboxylic
acid-3(5), 26, 12
Ammonia, 20, 87; 22, 19; 23, 14; 27, 58,
73; 28, 46
alcoholic, 23, 23
chloroform solution of, 22, 6
liquid, 20, 62;21, 70, 71;23, 20, 68, 71;
24, 3; 25, 25; 28, 8, 44; 29, 47
a,ci':]ion on a copper safety disk, 28,
0

introduction into a bomb, 28, 69, 71

methanolic, 23, 72
Ammonium acetate, 26, 46
Ammonium carbonate, 20, 42; 22, 6
Ammonium chloride, 22, 13, 23; 24, 9
Ammonium dithiocarbamate, 27, 73
Ammonium hydrozide, 27, 3
Ammonium thiocyanate, 28, 89
Ammonolysis, 20, 62
n-Amy! alcohol, 26, 83; 27, 76
tert.-Amylamine, 29, 23
n-Amyl cyanide, 28, 72
Amylene, 22, 82
a-Amylhexyldimethylamine, 38, 91
tert.-Amylphthalimide, 29, 23
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tert.-Amylurea, 29, 23

Analysis of iodoso and iodoxy com-
pounds, 22, 71, 72, 73, 74

ANHYDRIDES, ACID, 26, 1

Anilide from an ester, 25, 7

Aniline, 21, 4; 26, 7; 26, 41; 28, 49, 89;
29, 42

ANIL;NE, N,N-DIMETHYL-m-NITRO-, 27,

2

ANILINE, p,p’-DITHIODI-, 28, 14
ANILINE, $,p’-SULFONYLBIS-, 22, 31
Anisaldehyde, 29, 84
o-Anisidine, 25, 24
p-Anisidine, 25, 78
p-ANISIDINE, 2-NITRO-, 26, 78
Anisoyl chloride, 23, 66
ANISOYL PEROXIDE, 23, 66
Anthracene, 20, 11
9-ANTHRALDEHYDE, 20, 11
ANTHRANILALDEHVDE, 28, 11
Anthranilic acid, 21, 10; 27, 45; 29, 54
ANTHRAQUINONE, 2,3-DIMETHYL-, 22, 37
ANTHRAQUINONE, 1-METHYLAMINO-, 29,
66
ANTHRAQUINONE, 1-METHYLAMINO~4-
BROMO-, 29, 68
Antioxidant, 20, 65
Apparatus, adapter for steam distilla-
tions, 22, 10, 11
automatic water trap for azeotropic
distillation, 23, 38, 25, 42, 46
bain-marie ware, 25, 72, 97
Claisen flask modified with column,
22, 11
continuous extractor, 23, 49; 28, 66
enameled steel pots, 25, 72, 97
for absorption of gases, 23, 48
for adding a solid without exposure to
air, 283, 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; 25, 1
i:'ox:3 sgenerating dry methylamine, 20,

for heating under pressure, 20, 85

for introduction of bromine in a cur-
rent of air, 28, 9, 75

for manipulation of liquid ammonia,

for partial condensation during distil-
lation, 20, 26, 27

for preparation of sodamide, 20, 87

for removal of water from reaction
mixture, 28, 74

for steam distillation, 20, 2

for washing catalyst, 29, 26

shaking extractor, 28, 78

spray trap, 28, 1

d-ARABINOSE, 30, 14

d-ARABINOSEDIPHENYLHYDRAZONE, 20,
15

Arsenic oxide, 27, 48

Arsenious oxide, 26, 61

Arylarsonic acids, 26, 62

Arylmethylcarbinols, 28, 28, 30, 31, 32

Asbestos fiber mat for Biichner funnel,

Autoclave, 20, 82, 85, 102; 21, 72
stirring, 22, 20
use of hydrogenation bomb as, 21, 68;
2, 20

cleaning, 22, 21

Autosxidation, 22, 81, 85

Azeotrope, of allyl alcohol, water, and
benzene, 26, 5

of methyl alcohol and methy! acry-

late, 26, 19

Azeotropic distillation, 20, 66, 106; 23,
38; 29, 51

Azide, formation from a hydrazine, 22,
96

AZOBENZENE, 22, 28

AZzOYL CHLORIDE, 25, 87

Azulene, removal from a hydrocarbon,
24, 86

Bain-marie ware, 25, 72, 97

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

Barbituric acid, 21, 5

Barium carbonate, 22, 86

Barium chloride, 23, 17

Bari;m {1ydroxide, 22, 87, 91; 25, 75;

79

Barium malonate, 23, 17

Barostat, 23, 46, 47

Bayberry wax, 20, 67

Benzalacetone, 27, 5

BENZALACETONE DIBROMIDE, 27, 5, 9

Benzalacetophenone dibromide, 27, 11

BENZALBARBITURIC ACID, 21, 5§

Benz;;,zld%};yde, 21, 5, 51, 108; 22, 24; 29,

b
determination of acid content, 25, 43

BENZALDEHYDE, #-AMINO-, DIMETHYL-
ACETAL, 29, 6

BENZALDEHYDE, m-HYDROXY-, 25, 55

BENZALDEHYDE, m-METHOXY-, 29, 63

BENZALDEHYDE, 0-NITRO-, 24, 75

BENZALDERYDE, 7-NITRO-, DIMETHYL-
ACETAL, 29, 72

BENZALMALONIC ESTER, 235, 42

Benzalphthalide, 27, 31

Benzene, dry, thiophene-free, 23, 95, 97,
102, 103; 26, 2; 28, 56; 29, 11, 38, 39

use in azeotropic esterification, 23,

38;24, 72;26, 5

BENZENEARSONIC ACID, $-NITRO-, 26, 60

BENZENE, BUTYL-, 28, 11

p-BENZENEDIACETIC ACID, 2,5-DIRY-
DROXY-, 268, 24
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BENZENE, 10DO-, DICHLORIDE, 32, 69

BENZENE, 10D0SO0-, 22, 70

BENZENE, 10DOXY-, 22, 72, 73

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

Benzenesulfonamide, 29, 76

BENZENE, 1,3,5-TRIACETYL, 27, 91

BENZENE, TRIAZO-, 22, 96

Benzil, 20, 48; 23, 92

BENZILMONOHYDRAZONE, 20, 47, 48

Benzohydryl benzoate, 24, S5

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

BENZOIC ACID, 3,4-DIHYDROXY-, 29, 85

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

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

BENZOIC ACID, $-PHENYLAZO-, 25, 86

BENZOIC ANHEYDRIDE, $,p'-DICHLORO-,
26, 1

Benzoin, 28, 86

BENZONITRILE, 2,6-DIMETHOXY-, 22, 35

BENZONITRILE, p-NITRO-, 29, 75

Benzophenone, 23, 99

Benzophenonc azine, 24, 55

Benzophenone hydrazone, 24, 5%

1,2-BENZOPYRAN-3-CARBOXYLIC ACID, 2-
0X0-, ETHYL ESTER, 28, 24

2-BENZOPYRAN-1,3-DIONE, 29, 50

BENZOPYRROLE, 23, 42

BENz0(4] )QUINOLIZINE, 1,2,3,5,6,7-
HEXAHYDRO-, 26, 40

1 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, 25, 7

BENZOYLACETIC ESTER, 23, 35

B-BENZOYLACRYLIC ACID, 29, 11

B-Benzoyllactic acid, 29, 12

Benzoylation of acetoacetic ester by
ethyl benzoate, 28, 35

Benzoyl chloride, 24, 14; 28, 16, 89; 29,
30

purification of, 24, 15

BENZOYL CHLORIDE, $-PHENYLAZO-, 25,
87

BENZOYL CYANIDE, 24, 14, 16

BENZzOYL DISULFIDE, 28, 16

BENZOYLFORMIC ACID, 34, 16

a-Benzoyl--phenylthiourea, 28, 89

Benzoyl-o-toluidines, conversion to in-
doles, 22, 95

Benzoylxylidines, conversion to indoles,

22, 95
Benzyl alcohol, 28, 14
BENZVL ALCOHOL, M-CHLORO-@-METHYL-,
28, 28, 31
Benzylamine, methylation of, 26, 91
BENZYLAMINE, a-MVT1IVE-, 38, 68
BENZYL CARBAMATY, 88, 14
Benzyl chloride, 21, 99

BENZzZYL CHLOROFORMATE, 23, 13
BENZYL CHLOROMETHYL KETONE, 26, 13
Benzyl cyanide, 28, 71; 25, 25; 28, 55;
29, 83, 84
Benzyl dodecylmethylamine, 28, 91
Berthelot tubes, 26, 66
Brarrvy, 27,7
Bisulfite compound, use for purification
of an aldchyde, 23, 78; 28, 85
use for purification of alkylidene-
cyanoacetic esters, 25, 47
use for purification of a ketone, 28, 79
Blanc reaction, 20, 59; 24, 30; 25, 65
Blood, defibrinated, 21, 53
Booster pump, use of, for hydrogena-
tion, 23, 69
Boron triftuoride, 20, 6; 27, 35
Bottles for pressure reactions, 27, 4
Bromination, 20, 18, 81, 92, 101
of acetic acid, 28, 37
of 2-aminopyridine, 26, 16
of benzyl cyanide, 28, 55
of furoic acid, 27, 60
of heptaldehyde enol acetate, 29, 14
of a lactone, phthalide, 23, 74
of 1-methylaminoanthraquinone, 29,
68

of phenanthrene, 28, 19
of phenylacetone, 29, 38
of sulfanilamide by hydrogen peroxide
and hydrobromic acid, 24, 48
of o-xylene, 28, 22
Bromine, 20, 18, 23, 81, 92, 101; 21, 61,
93; 22, 50, 76, 82; 25, 92; 217, 6, 54,
60, 76; 28, 19, 22, 55; 29, 38, 68
dry, 20, 93, 106, 108; 21, 74, 101; 23,
9, 37, 74, 94; 24, 33; 26, 53; 29, 15
BROMOACETAL, 23, 8, 45; 24, 3
BROMOACETIC ACID, 23, 37
3-Bromo-4-aminotoluene, 23, 11
m-BROMOANILINE, 23, 12; 24, 24
o-Bromoanisole, 24, 24
a-BROMOBENZALACETONE, 27, 9
a-Bromobenzalacetophenone, 27, 10
Bromobenzaldehydes, 28, 30
Bromobenzene, 21, 79; 23, 83, 93, 98;
24, 42, 85, 89; 25, 11; 26, 50; 27, 30;
29, 44
o-Bromobenzonitrile, 29, 77
p-Bromobenzoyl chloride, 28, 66
»-BROMOBENZOYL PEROXIDE, 23, 66
~v-Bromobutyronitrile, 23, 22
m-Bromochlorobenzene, 28, 28
«-BROMOCINNAMIC ALDEHYDE, 235, 92
«-BROMOCINNAMIC ALDEHYDE ACETAL,
26, 92
0-BROMO-p-CRESOL, 28, 11
Bromocyclohexane, 28, 26
w-Bromo esters, by bromination of silver
sult, 28, 54
1-BROMO-2-LTIIOXVETIIANT, 28, 32
a-BROMOULPTALDENYDE, 89, 14
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a—Brg;nolheptaldehyde dimethyl acetal,
, 1§
3-BrOMO-4-HYDROXYTOLUENE, 23, 11
a-BROMOISOCAPROIC ACID, 21, 74
a-BROMOISOVALERIC ACID, 20, 106
Bromomesitylene, 21, 77
a—BROMO-/S-ME’IHOXY-n-BUTYRIC ACID,
20, 101
a-BROMO-S-METHOXYPROPIONIC ACID,
20, 82
3-Bromo-4-methoxytoluene, 26, 51
0-Bromo-p-methylanisole, 28, 12
a-BROMO-B-METHYLVALERIC ACID, 21, 61
a-Bromonaphthalene, 21, 89
6-BrROMO-2-NAPHTHOL, 20, 18
9-BROMOPHENANTHRENE, 28, 19, 34
m-Bromophenol, 23, 12
a-Bromo-a-phenylacetone, 29, 38
a-Bromophenylacetonitrile, 28, 55
Bromophenylmethylcarbinols, 28, 30
o-BROMO-3-PHENYLPROPIONIC ACID, 21,
100
p-Bromophenylselenophenol, 24, 91
2-BROMOPHTHALIDE, 23, 74
B-Bromopropionic acid, 20, 65

y-Bromopropylphthalimide, 24, 44, 46 -

N-(y-Bromdpropyl)-tetrahydroquino-
line, 26, 41
2-BROMOPYRIDINE, 26, 16
Bromostyrenes, 28, 33
3-Bromosulfanilamide, 24, 51
4-BROMO-0-XYLENE, 28, 22, 46
1,3-BUTADIENE, 2,3-DIMETHYL-,22, 39, 40
1—BU3TAN0L, 4-CHLORO-, BENZOATE, 29,
0
2-BUTA1\2_0NE, 3,4-DIBROMO-4-PHENYL-,
27,
2-BuTENE-1,4-DIONE, 1,4-DIPHENYL-,
20, 29
B-BUTENOIC ACID, 24, 96
3-BUTEN-2-ONE, 3-BROMO-4-PHENYL-,
27, 9
3-BUTENONITRILE, 24, 97
m-n-Butoxyaniline, 25, 10
p-n-Butoxyaniline, 25, 10
m-n-Butoxynitrobenzene, 25, 10
0-#-BUTOXYNITROBENZENE, 25, 9
tert.-BUTYL ACETATE, 20, 21
acetic anhydride method, 24, 18
acetyl chloride method, 24, 19
#-BUTYL ACRYLATE, 26, 18
»n-Butyl alcohol, 23, 43; 26, 19
tert.-Butyl alcohol, 20, 21; 21, §, 39; 23,
42; 24, 18, 19, 20, 21; 29, 19
anhydrous, 23, 46
n-Butylamine, methylation of, 25, 91
tert.-BUTYLAMINE, 27, 12; 29, 18
tert.-BUTYLAMINE HYDROCHLORIDE, 29,
18
n-BUTYLBENZENE, 28, 11
n-Butyl bromide, 25, 9
sec.-Butyl bromide, 21, 60

n-Buty! 8-bromopropionate, 26, 21
p-tert.-Butylcatechol, 28, 31, 32
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
m—terét.dButylphenylmethylcarbinol, 28,

tert.-Butylphthalimide, 29, 18, 19
tert.-Butyl propionate, 24, 20"
1-n-BUTYLPYRROLIDINE, 25, 14
n-Butylselenol, 24, 91

#n-BUTYL $-TOLUENESULFONATE, 20, 51
tert.-Butylurea, 29, 19, 21
3-BuTyN-2-0OL, 2-METHYL~, 20, 40
Butyraldehyde, 26, 31

n-Butyric anhydride, 21, 14
Butyrylchlororesorcinol, 20, 58
o-Butyrylphenol, 20, 58
p-Butyrylphenol, 20, 58

Cadmium alkyl, 28, 75, 79

Cadmium chloride, 28, 75

Calcium carbonate, 22, 54

Calcium chloride, 28, 103

n-Caproic acid, 21, 13

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

#n-CAPROIC ANHYDRIDE, 21, 13

Capronitrile, 26, 33

Caproylchlororesorcinol, 20, 58

o-Caproylphenol, 20, 58

#-Caproylphenol, 20, 58

Caproylresorcinol, 20, 58

CAPRYLIC ACID, {-METHYL~y-0XO-,
METHYL ESTER, 28, 75

3-CARBETHOXYCOUMARIN, 28, 24

w-Carbethoxynonanoyl chloride, 28, 79

w—Ca;li)ethoxypelargonyl chloride, 25,

6-Car71;ethoxyvaleryl chloride, 25, 21; 28,

CARBINOL, TRIPHENYL-, 23, 98

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

Carbitol, 22, 32

CARBOBENZOXYALANINE, 23, 15

CARBOBENZOXY CHLORIDE, 23, 13

CARBOBENZOXYGLYCINE, 23, 14

w-CARBOMETHOXYPELARGONYL CHLO-
RIDE, 28, 71

B-CARBOMETHOXYPROPIONYL CHLORIDE,
25, 19; 28, 76, 78

Carbonation of picolyllithium, 29, 44

Carbon dioxide, 28, 74

solid (Dry Ice), 21, 71, 77; 22, 101
Carb901n dioxide atmosphere, 22, 78, 84,
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Carbon disulfide, 21, 81; 25, 38; 28, 3,
26, 82
precautions in use of, 28, 3, 26
reaction with ammonia, 27, 73
reaction with ethylene diamine, 26, 34
Carbon tetrachloride, 23, 102
Carborundum crystals, 20, 96
as column filling, 22, 39; 23, 22
CARBOSTYRIL, 4-METHYL-, 24, 68
Carboxyaldehyde, 23, 76
N-CARBOXYANTHRANILIC ANHYDRIDE,
27, 45
0-CARBOXYBENZYL CYANIDE, 22, 30
CARBOXYMETHOXYLAMINE HEMIHYDRO-
CHLORIDE, 27, 15
0-CARBOXYPHENYLACETONITRILE, 22,
30, 61
Caro’s acid, 28, 44, 74
CARVACRYLAMINE, 22, 9
Catalyst, alumina, 23, 40
boron trifluoride, 20, 6
copper bronze, 20, 45
copper-chromium oxide for decar-
, boxylation, 22, 67
cop;7)er oxide for decarboxylation, 22,
6

cupro-cupri sulfite, 28, 53
hydrobromic acid, 22, 39
hydrogenation, Universal Oil Prod-
ucts, 27, 22
in bromination, 28, 22
in ester interchange, 26, 19
mercuric oxide, 28, 94
palladium-barium sulfate, 21, 85, 110;
26, 77
palladium-carbon, 26, 78
phosphoric acid, 28, 1
piperidine acetate, 28, 24
piperidine benzoate, 25, 42
poison, for use in Rosenmund reduc-
tion, 21, 85, 87
pyridine, 285, 51
sodium bicarbonate, 20, 26
sulfuric acid, 22, 1
p-toluenesulfonic acid monohydrate,
29, 33
zinc chloride, 28, 60
CATALYST, RANEY NICKEL, 21, 15, 108;
22, 9, 12; 23, 68, 71, 90; 25, 10; 29,
6, 24
estimation of quantity of, 21, 17
storage under alcohol, dioxane, and
methylcyclohexane, 31, 16
Cellosolve, 23, 32
Centrifuge, 22, 77, 83
Cerelose, 22, 2
Chitin, 26, 36
Chloral hydrate, 20, 37
Chlorination, of a ketone, 28, 48; 28, 22
of secondary wmines, 26, 14

of sulfanilamide by hydrogen perox-

ide und hydrochloric acid, 34, 47

Chlorination—Conlinued

with sulfuryl chloride, 29, 35
Chlorine, 22, 69; 23, 48; 25, 14, 22
Chloroacetal, 24, 5
Chloroacetic acid, 23, 53; 28, 94

drying, 23, 54
Chloroacetone, 25, 36
$-CHLOROACETYLACETANILIDE, 28, 26
Chloroacetyl chloride, 24, 21, 26; 28, 26
9-CHLOROACRIDINE, 22, 6, 7
N-Chloroamines, 25, 14

cyclization to N-alkylpyrrolidines, 26,

19

m-Chloroaniline, 24, 24
o-Chloroaniline, 24, 22
p-Chloroaniline, 28, 14
a-Chloroanthraquinone, 29, 67
o-Chlorobenzaldehyde, 28, 30

_ p-Chlorobenzaldehyde, 28, 30

Chlorobenzene as a solvent, 22, 16
p-Chlorobenzoic acid, 26, 2
#-CHLOROBENZOIC ANHYDRIDE, 26, 1
p-Chlorobenzoyl chloride, 26, 2
4-Chlorobiphenyl, 23, 95, 97
m-Chlorobromobenzene, 24, 24
0-CHLOROBROMOBENZENE, 24, 22
4-CHLOROBUTYL BENZOATE, 29, 30
y-Chlorobutyronitrile, 23, 20; 24, 36
2-CHLOROCYCLOHEXANONE, 25, 22
Chloroform, 22, 35, 57, 63, 71
anhydrous, 22, 69
7-Chloro-4-hydroxy-3-quinolinecarbox-
ylic acid, 28, 39
3-Chloroindazole, 29, 55, 57
o2-CHLOROISODURENE, 25, 65
w-CHLOROISONITROSOACETOPHENONE,
24, 25
2-CHLOROLEPIDINE, 24, 28; 26, 45
Chloromethylation, 20, 59; 24, 30; 25,
65; 29, 31
Chloromethyl ketones, 26, 14
1-CHLOROMETHYLNAPHTHALENE, 24, 30
bis-(Chloromethyl)-naphthalene, 24, 31
2-CHLOROMETHYI.THIOPHENE, 29, 31, 87
a-Chloronaphthalene, 21, 90
o-Chloronitrobenzene, 20, 45
#-Chloronitrobenzene, 22, 32; 28, 14, 82
6-Chloro-8-nitroquinoline, 27, 52
m-Chlorophenylmagnesium bromide,
28, 28
m-CHLOROPHENYLMETHYLCARBINOL, 28,
28, 30, 32
Chlorophenylmethylcarbinols, 28, 28, 30
-CHLOROPROPYL ACETATE, 29, 33, 92
7-Chloro-4-quinolinol, 28, 39
m-CHLOROSTYRENE, 28, 31
Chlorostyrenes, 28, 31, 33
CHOLESTENONE, 31, 18
Cholesterol, 21, 18
Chromium trioxide, 21, 6; 24, 39, 76
CINCHONINIC ACID, 2-1IYDROXY-, 28, 70
Cinnamic acid, 20, 77; 28, 26; 24, 21
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CINNAMOYL CHLORIDE, 20, 77; 24, 21
Citral, bisulfite compound, 23, 78
purification of, 23, 78
Claisen condcnsation, with acetone and
_ethyl formate, 27, 92
with benzaldehyde and phenylaceto-
nitrile, 29, 83
with ethyl oxalate and ethyl succi-
nate, 26, 42
with potassium ethoxide, 26, 42
with sodium amide, 28, 44
Claisen reaction, 20, 7, 32
Claisen rearrangement, 25, 49
Claisen’s alkali, 25, 79; 29, 36, 37
Clarke-Rahrs column, 24, 73
Clarke-Rahrs ester column, 29, 34
Clayton yellow paper, 23, 20, 22
Cleavage, of a disulfide, 20, 23
of 3a,Otegtgrathydrofura,n ring, 25, 84; 29,

of 6-trityl group in 6-trityl-8-d-glu-

cosetetraacetate, 22, 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 len aldehyde and malonic ester, 25,

of benzil with dibenzyl ketone, 23, 92
of citral and acetone, 23, 79

of an ester, 20, 26

of a ketone and an anhydride, 20, 6
of 26ketone and cyanoacetic ester, 25,

of 24 ketone and an ester, 20, 7, 32; 28,

of a ketone and a hydroxy acid, 20, 62
of 2gﬁngroso compound and an amine,
of phthalic anhydride and tert.-butyl-
urea, 29, 18
of a primary aromatic amine and an
ester, 29, 42
of a sodium sulfinate and p-nitro-
chlorobenzene, 22, 31
of urea and tert.-butyl alcohol, 29, 18
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, activation of, 20, 45
Copper chromite, 26, 83
Copper-chromium oxide, 22, 67
COPPER ETHYL DIACETYLACKTATE, 21, 46
Copper helices, 20, 96
Copper oxide, 22, 67
Copper powder, 36, 50; 28, 50

Copper reaction vessel, 23, 102
Copper sulfate, 24, 23; 28, 25, 53
Cott;g, i).bsorbent, for drying, 20, 8, 9;
Cottonseed oil, 22, 78, 85

usc of hydrogenated, as oil bath, 24, 15
COUMARILIC ACID, 24, 33
Coumarin, 24, 33
Coumarin dibromide, 24, 33
COUMARIN, 4-METHYL-, 24, 69
Coupling, of allyl chloride, 27, 7

of aryl residues, 20, 45
Crab shells, 26, 36
Creatinine, 22, 90
p-CrEsoL, 2-8roMO-, 23, 11
Crotonaldehyde, 24, 92; 27, 66
Crotonic acid, 20, 101; 24, 98; 26, 55
CRrOTONIC ACID, B-ANILINO-, ETHYL

ESTER, 29, 42

Cupric acetate, 28, 45
Cupric carbonate, basic, 24, 64
Cupro-cupri sulfite, 28, 53
Cuprous bromide, 24, 22, 23
Cuprous chloride, 28, 46
Cuprso:s cyanide, 21, 89; 24, 14, 97; 28,

Curtius reaction, 24, 94
CYANAMIDE, METHYL-(1-NAPETHYL-),
27, 56
Cyanoacetamide, 23, 60; 25, 63
Cyanoalkylation, 29, 52
Im—(B—CYANOETHYL)-AMINE, 27, 3
Cyanogen bromide, 27, 56
Cyanohydrins, 20, 4; 22, 13, 16
w-CYANOPELARGONIC ACID, 25, 96
9-CYANOPHENANTHRENE, 28, 7, 34
a—CY.ANO-o-TOLUIC AcCID, 22, 30, 61
Cyclization, 20, 16, 26, 42, 73; 26, 29
acetoacetanilide to 4-methylcarbosty-
ril, 24, 68
acegiio-toluidide to 2-methylindole, 22,

arylthiourea to aminobenzothiazole,
b

3—c234rbethoxycoumarin synthesis, 28,

N-chloroamines to N-alkylpyrroli-
d}iltlles, b25, 19 |

7-chlorobutyronitrile to cyclopr
cyanide, gi, 36 yelopropyl

v-chloropropyl acetate to trimethyl-
ene oxide, 29, 92 -

a-diketone and ketone to a cyclopen-
tadienone, 23, 92

1,.i—:{iix;gthyl-Z-pyrrolidone synthesis,

2,3-diphenylindone synthesis, 27, 30

ethy! B-anilinocrotonate to 2-methyl-
4-hydroxyquinolinc, 29, 70

cthyl phenylacetylmalonate, 28, 74

o-hydrazinobenzoic acid  hydrochlo-
ride to indazolone, 29, 54

SUBJECT

Cyclization—Continued
indole synthesis, 23, 42 .
isoprene cyclic sulfone synthesis, 29,

59
ketone phenylhydrazone to indole, 22,
98

malonic ester synthesis of cyclobutane
acids, 23, 16
6-methoxy-8-nitroquinoline synthesis,
27, 48
5-nitro-2,3-dihydro-1,4-phthalazine-
dione synthesis, 29, 78 .
phenylanthranilic acid to chloroacri-
dine, 22, 5
pyrazolone synthesis, 28, 87
quinoline synthesis, 28, 38, 49, 70
tartaric acid dinitrate to imidazole-
4,5-dicarboxylic acid, 22, 66
CYCLOBUTANECARBOXYLIC ACID, 23, 18
1,1-CYCLOBUTANEDICARBOXYLIC ACID,
23, 16
CYCLOHEXANEACETONITRILE,
«-PHENYL-, 28, 25
¢is-1,2-Cyclohexanediol, 28, 37
trans-1,2-CYCLOHEEXANEDIOL, 28, 35
1,3-CYCLOHEXANEDIONE, 27, 21
CYCLOHEXANOL, 1-ETHYNYL-, 29, 47
Cyclzl;exanone, 20, 42; 25, 22; 28, 8; 29,

CYCLOHEXANONE, 2-ALLYL-, 28, 8

Cyclohexene, 20, 28; 28, 35

2-CYCLOHEXEN-1-ONE, 4-CARBETHOXY-
3,5-DIMETHYL-, 27, 24

2-CYCLOHEXEN-1-ONE, 3,5-DIMETHYL-,
27, 24

Cyclohexyl bromide, 25, 26

-CYCLOHEXYLPHENYLACETONITRILE,
25, 25

CYCLOPENTADIENONE, TETRAPHENYL-,
23, 92

CYCLOPROPANE, CYANO-, 23, 20; 24, 36

CYCLOPROPANECARBOXYLIC ACID, 24, 36

CYCLOPROPYL CYANIDE, 23, 20; 24, 36

p-Cymene, 21, 96; 27, 86

CYSTEIC ACID MONOHYDRATE, 20, 23

Cystine, 20, 23

DDT, 26, 21
Deacetylation, 22, 34
Dean and Stark constant water separa-
tor, 29, 42
Debromination, of hexabromostearic
acid, 22, 83
of tetrabromostearic acid, 22, 77, 81
DECAMETHYLENI. BROMIDE, 30, 24
DECAMETHY LENEDIAMINE, 27, 18
Decamethylcene glycol, 20, 25
1,10-DECANEDIAMING, 3T, 18
DrcaNt, 1,10-mnroMo-, 20, 24
Decarboxylation, 33, 18
of 3,5-dichloro-4 hydroxybenzoic

INDEX 103

Decarboxylation—Continued
of 1,3-dihydroxy-2-naphthoic acid,

5, .

of imidazole-4,5-dicarboxylic acid, 23,
7

of 29.7n oximino acid to an oxime, 22,

Decomposition, diazonium salt to phe-
nol, 23, 11; 26, 56
#-DECYL $-BROMOBENZENESULFONATE,
20, 51
n-Decyl mercaptan, 21, 38
Degradation, 20, 14
Dehydration, 20, 48, 74; 28, 31, 33; 29,
49, 55
catalytic, 22, 39, 40
of an amide, 26, 61, 63, 69, 95
of 3,12-dihydroxy-#or-cholanyldi-
phenylcarbinol, 24, 41
DEHRYDROACETIC ACID, 20, 26; 21, 6_6
Dehyc;rogenation, by air and alkali, 22,
3

by bromine, 23, 94
by selenium, 27, 33
by sulfur, 24, 85
of a pyrroline to a pyrrole, 27, 33
Dehydrohalogenation, 26, 1; 27,9, 77
Delépine reaction, 29, 87
Demethylation of a phenolic ether, by
alkali, 29, 85
by hydriodic acid, 22, 91
Desiccator, vacuum, “dumb-bell” type,
28, 105
Desoxycholic acid, 24, 41, 42
bisnor-Desoxycholic acid, 24, 40
nor-DESOXYCHOLIC ACID, 24, 38
Desulfonamidation, of 3,5-dibromosulf-
anilamide, 24, 49
of 3,5-dichlorosulfanilamide, 24, 48
Diacetalylamine, 24, 5
3,12-Diacetoxy-nor-cholanic acid, 24, 39
3-12-DIACETOXY-bisnor-CHOLANYLDI-
PHENYLETHYLENE, 24, 38, 41
4,4’-Diacetylaminodiphenylsulfone, 22,
34

2,7-Diacetylfluorene, 28, 5

DIACETYLMETHANE, 20, 6

Diallylcyclohexanone, 28, 9

Diamines with carbon disulfide, 26, 3§

4,4’-Diaminobiphenyl-3,3’-dicarboxylic
acid, 27, 47

DIAMINOBIURET, 24, 58

4,4’-DIAMINODIPHENYLSULFONE, 22, 31

1,2-D1AMINO-4-NITROBENZENE, 21, 20

o-Dianisidine, 21, 31

Diazoketone, 26, 14

1,3-DiAzoLE, 22, 65

DIAZOMETITANY, 26, 13

Diazomirnani: from  N-nitroso-g-ami-
noisobutyl methyl ketone, 28, 28

drying of, 36, 31

wcid, 29, 35

Dinzonium salt, reduction of, 21, 30
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Diazotization, 20, 16, 73; 21, 31, 32, 34;
23, 11; 24, 22; 25, 56; 27, 81; 28, 52;
29, 54, 63
rans-DIBENZOYLETHYLENE, 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
1,10-DIBROMODECANE, 20, 24
a,8-Dibromoglutaric acid, 26, 44
1,5-DIBROMOPENTANE, 23, 67
3,S—DIBROMOSULFAI\"ILAMIDE, 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
v-DI-7-BUTYLAMINOPROPYLAMINE, 24,
44

v-Di-n-butylaminopropylamine dihy-
drochloride, 24, 45
Dr-8-CARBETHOXYETHYLMETHYLAMINE,
20, 35
DI-8-CARBOMETHOXYETHYLMETHYL-
AMINE, 20, 37
a,a-DICHLOROACETAMIDE, 20, 37
w,w-DICHLOROACETOPHENONE, 23, 48
2,6-DICHLOROANILINE, 24, 47
Dichlorobenzaldehydes, 28, 30
o-Dichlorobenzene, 20, 11
3,5-Dichloro-4-hydroxybenzoic acid, 29,
36
2,6-DICHLOROPHENOL, 29, 35
D1-(#-CHLOROPHENYL)-ACETIC ACID, 26,
2.

1
1,1-Di-(p-chlorophenyl)-2,2-dichloro-
cthylene, 26, 22
1,1-Di-(p-chlorophenyl)-ethylene, 26, 23
Di-(p-chlorophenyl)-methare, 26, 23
Dichlorophenylmethylcarbinols, 28, 30
1,1-Di-(p-chlorophenyl)-2,2,2-trichloro-
ethane, 26, 21
4,7-DICHLOROQUINOLINE, 28, 38
Dichlorostyrenes, 28, 33
3,5-Dichlorosulfanilamide, 24, 47
a,a’-Dicyano-2,5-dihydroxy-p-benzene-
diacetic acid, ethyl ester, 26, 25
4,4'-Dicyanodiphenylsulfone, 29, 77
a,a'-DICYANO-B-METHYLGLUTARAMIDE,
23, 60
a,-y-Di7-(4~cyanophenoxy)propane, 29,
7

4,4'-Dicyanostilbene, 29, 77
Diels-Alder reaction, 22, 37; 33, 93
Diene synthesis, 22, 37, 40; 23, 93
Dicthylamine, 27, 21

Dicthylamine hydrochloride, 28, 31
])ll':'l'lIYLAMlN()ACETONITRlLE, 17, 20

DIETHYLAMINOETHYLAMINE, 23, 24
B-DIETHYLAMINOPROPIOPHENONE
HYDROCHLORIDE, 23, 31
v-Diethylaminopropylamine, 24, 46
DIETHYL BENZYLMALONATE, 21, 99
DIETHYL sec.-BUTYLMALONATE, 21, 60
Diethyl a,5-dibromoadipate, 26, 57
Diethylene glycol, 26, 21
Diethyl ketone, 22, 13; 25, 47
Diethyl malonate, 21, 60, 99; 25, 42
Dicthyl-a-naphthylamine, 27, 57
Diethyl terephthalate, 26, 96
1,4-D1HYDRO-2,3-DIMETHYLANTHRA~
QUINONE, 22, 37
3,4-Dihydro-2-naphthoic acid, 26, 30
2,3-DIEYDROPYRAN, 23, 25; 27, 43
DIEYDRORESORCINOL, 27, 21
2,5-DIHYDROXYACETOPHENONE, 28, 42
2,6-DIHYDROXYACETOPHENONE, 21, 22
2,5-DIHYDROX Y- p-BENZENEDIACETIC
ACID, 26, 24
3,5-DIHYDROXYBENZOIC ACID, 21, 27 .
I,S-BIHYDROXY-Z-NAPHTHOIC ACID, 25,
4
2,5-Dihydroxypropiophenone, 28, 43
Di-(y-hydroxypropyl)-aniline, 26, 41
Diisobutylene, 29, 22
D11sOVALERYLMETHANE, 28, 44
DIKETENE, 21, 64
8,10-Diketojulolidine, 26, 41
1,3-Diketone, 20, 6, 32
a-Diketone synthesis, 23, 7
2,6-D1METH0XYBENZONITRILE, 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-DIMETHOXYPEENYL)-ETHYL-
AMINE, 283, 72
B,8-DIMETHYLACRYLIC ACID, 23, 27
Dimethylamine, 21, 84
Dimethylamine hydrochloride, 23, 30
B-DIMETHYLAMINOPROPIOPHENONE
HYDROCHLORIDE, 23, 30
Dimethylaniline, 24, 19, 20, 21; 27, 62;
29, 36
3,4-DIMETHYLANILINE, 28, 46
2,3-DIMETHYLANTHRAQUINONE, 22, 37
3,3’-DIMETHYLBIPHENYL, 21, 30
2,3-DIMETHYLBUTADIENE-1,3, 23, 37,
39, 40 '
3,5-DIMETHY1.-4-CARBETHOXY-2-CYCLO-
HEXENE-1-ONE, 27, 24
3,S-DIMBTHYL-Z-CYCLOHEXEN-1-ONE,
27, 24
2,2-Dimethylethylenimine, 27, 12
2,4-DIMETHYL-3-ETHYLPYRROLE, 21, 67
DIMETHYLETHYNYLCARBINOL, 20, 40;
22, 101
S,S-DIME’I‘HYLHYI)AN'I‘()IN, 20, 42
5,8-Dimethyllepidine, 26, 47
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6,8-Dimethyllepidine, 26, 47
2,5-DIMETHYLMANDELIC ACID, 25, 33
Dimethyl-a-naphthylamine, 27, 56
2,7-Dimethyloctane, 28, 77
N,N-DIMETHYLPHENYLETHYLAMINE, 25,

89
1,2-Dimethylpyrrolidine, 25, 19
1,5-DIMETHYL-2-PYRROLIDONE, 27, 24
2,4-DIMETHYLQUINOLINE, 28, 49
2,4-DiMETHYLTHIAZOLE, 26, 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'-DINITROBIPHENYL, 20, 45
1,4-DINITRONAPHTHALENE, 28, 52
Dinitronaphthalenes, 28, 52, 54
2,4-Dinitrophenol, 25, 5
2,5-Dinitrotoluene, 22, 46
Dioxane, 20, 72; 22, 36, 83; 23, 27
use of, in hydrogenations with Raney
nickel, 21, 16
1,3-D10X0OLANE-4-METHANOL, 2,2-DI~
METHYL-, 28, 73
o,a~-DIPHENYLACETONE, 29, 38
DIPHENYLACETONITRILE, 28, 55
Diphenylacety! chloride, 26, 14
DIPHENYLACETYLENE, 22, 50
1,4-D1PHENYL-1-BUTENE-1,4-DIONE, 20,
29
DIPHENYLDIAZOMETHANE, 24, 53
assay of, 24, 55 )
Di-(a-phenylethyl)-amine, 23, 70
Di-(3-phenylethyl)-amine, 23, 72
1,2-Diphenylethylene, 22, 50
Diphenylhydrazine, 20, 15 .
Diphenylhydrazine hydrochloride, 20,
15

2,3-DIPHENYLINDONE (2,3-DIPHENYL-1-

INDENONE), 27, 30
DIPHENYLIODONIUM IODATE, 22, 52
DIPHENYLIODONIUM IODIDE, 22, 52, 71
Diphenyliodonium salts, 23, 71
DIPHENYLKETENE, 20, 47
1,3-DIPHENYL-1,3-PROPANEDIONE, 20, 32
DIPHENYLPYRROLE, 27, 33
2,4-Diphenyl-2-pyrroline, 27, 33
Diphenyl selenide, 24, 91
DIPHENYLTHIOCARBAZIDE, 26, 38
DIPHENYLTHIOCARBAZONE, 28, 38
Diphenyl urea, 29, 43
Dr-#-PROPYLAMINOETHYLAMINE, 28, 24
4-Di-n-propylaminopropylamine, 24, 46
Disproportionation, of diphenylthio-

carbazide, 28, 38

of an iodoso and an jodoxy compound,

DrrTHIZONE, 26, 38
sym.-Diundecyl urea, 24, 95
Dodecanol, 20, 50
n-Dodecyl alcohol, 20, 50
n-Dodecyl bromide, 21, 36
n-DODECYL $-BROMOBENZENESULFO-
NATE, 20, 51
7n-DODECYL MERCAPTAN, 21, 36
S-Dodecylthiuronium bromide, 21, 37
#-DODECYL $-TOLUENESULFONATE, 20,
50
Dowtherm, 29, 7039 10
Dowtherm A, 28, 39,
Dry Ice, 20, 37, 41; 21, 64; 32, 101; 24,
: 25,
coofing medium for condenser, 28, 20
use of, for internal cooling during ni-
tration, 21, 96
Drying, use of absorbent cotton, 20, 8,

“Dumb-bell” vacuum desiccator, 23,
105 .

Durylacetonitrile, 25, 67

DypNONE, 21, 39

Elimination, of hydrogen bromide from
a dibromide, 22, 50; 25, 92
with rearrangement, 24,33
of hydrogen bromide from a vinyl
halide, 25, 93
Emulsin, 22, 53
ENANTHALDEHYDE, -BROMO-, 29, 14
ENANTHIC ACID, y-HYDROXY-, LACTONE,
27, 68
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; 29, 33, 44
by azeotropic distillation with ben-
zene, 23, 38
by nitric acid, 23, 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-, 28, 32
Ethanolamine, 26, 38
ETHANOL, 2-ISOPROPYLAMINO-, 26, 38
Ether, anhydrous, 22, 57
FTHER, BUTYL 0-NITROPHENYL, 35, 9
B-Iithoxyethyl alcohol, 28, 32
B-ETHOXYETHYL BROMIDE, 28, 32, 33
B-FTHOXYETIYL CYANIDE, 38, 33
lithoxymagnesiomalonic ester, 26, 73

22, 52 .
of iodosobenzene by steam distilla-
tion, 283, 72

2-1vrnoxy-L-NarirrnaLpEnYDE, 80, 11



106 SUBJECT INDEX

6-Ethoxy-8-nitroquinoline, 27, 52
B-ETHOXYPROPIONALDEHVDE ACETAL,
25, 1
B-ETHOXYPROPIONITRILE, 23, 33
Ethyl acetate, 20, 8; 23, 9
dry, 20, 10
Ethyl acetoacetate, 20, 26; 21, 23, 46,
gg; 23, 35; 24, 69; 27, 24, 35; 29,

Ethyl acrylate, 20, 36; 29, 3
Ethyl alcohol, anhydrous, 22, 59; 23, 9,
16, 24; 25, 45, 76
Ethyl alkylidenecyanoacetates, 25, 48
Ethyl-w-amylamine, 25, 19
ETHYL ﬂ-ANILINOCROTONATE, 29, 42, 70
EtgvL AZODICARBOXYLATE, 28, 58
ETmvr BENZALMALONATE, 25, 42
Ethyl benzoate, 20, 32; 23, 35, 98
ETHYL BENZOYLACETATE, 23, 35; 25, 7
Ethyl bromide, 23, 59
as solvent, 23, 67
ETHYL BROMOACETATE, 21, 51; 23, 37
Ethyl a-bromoglutaconate, 26, 44
Ethyl a-bromoisobutyrate, 21, 53
ErnvL B-BROMOPROPIONATE, 20, 65
Ethyl-n-butylamine, 25, 19
ETHYL #-BUTYLCYANOACETATE, 26, 31
ETHYL CAPRYLATE, 20, 69
Ethyl a-carbethoxy-g-m-chloroanilino-
acrylate, 28, 39
Ethyl carbonate, 23, 95, 97; 26, 33
Ethyl chloroacetate, 24, 82; 27, 71
Ethyl clélé)rocarbonate, 21, 81; 24, 60;
28

Ethyl (;hlorocinna.mate, 24, 83
Eth}gschloroformate, 21, 81; 24, 60; 28,

2-ETHYLCHROMONE, 21, 42

Ethyl crotonate, 26, 54

Ethyl cya’.lnoacetate, 25, 46; 26, 25, 31;

ETHYL DIACETYIACETATE, 21, 46

copper derivative, 21, 46

Ethyl (dialkylvinyl)-alkylcyanoace-
tates, 26, 46

ETHVL DIAZOACETATE, 24, 56

Ethyl 3,5-dichloro-4-hydroxybenzoate,
29, 35

Ethyl diethoxymethylmalonate, 28, 61

ETtEYL 1,3—DIHYDROXY-2-NAPHTHOATE,
25, 74

ETayL 2,5-DIMETHYLPEENYLHEYDROXY-
MALONATE, 25, 33

ETHYL @,a-DIMETHYL-3-PHENYL-8-
HYDROXYPROPIONATE, 21, 53

Ethylene chloride, 20, 28; 23, 76; 25, 63

Ethylenediamine, 26, 34

reaction with carbon bisulfide, 26, 34

ETHYLENEDIAMINE, N,N-pIBuTYL-, 23,

23

Ethylenc oxide, 28, 85; 26, 39
FruyLENg THIOUREA, 26, 34

Ethylenimine, 2,2-dimethyl, 27, 12
hydrogenation of, 27, 13

ETHYL £THOX YMETHYLENEMALONATE,
28, 39, 60

Ethyl ethylcyanoacetate, 26, 33

Ethyl ethylidene-bis-acetoacetate, 27, 24

ETnvL (1-ETHYLPROPENYL)-METHYL-
CYANOACETATE, 28, 44

ETHYL (1-ETHYLPROPYLIDENE)-CYANO-
ACETATE, 26, 46

Ethyl formate, 24, 12; 26, 29

ETHYL 1,16-HEXADECANEDICARBOXYL~
ATE, 21, 48

ETHYL HYDRAZINECARBOXYLATE, 24, 58

Ethyl hydrazodicarboxylate, 28, 58

Ethyl hydrogen adipate, 25, 21

Ethyl hydrogen sebacate, 21, 48; 25, 21

electrolysis of, 21, 48

Ethyl 4-hydroxybenzoate, 29, 35

ETHYL o-ISOPROPYLACETOACETATE, 27,
35

Ethyl isothiocyanate, 21, 82

Ethyl isovalerate, 28, 55

Ethyl 10-ketohendecanoate, 28, 79

Ethyl 6-ketoheptanoate, 28, 79

Ethyl 1(;—;(eto-16-methyloctadecanoate,
28

Ethyl fO—keto-14-methy1tetracosanoate,

28, 79

Ethyl 10%J;eto-l3-methyltetradecanoate,
28,

Ethyl lactate, 21, 71

ETVL LAURATE, 20, 69

ETHYL LINOLEATE, 22, 77

ETHYL LINOLENATE, 22, 83

Ethyl malonate, 23, 16; 28, 24, 60

Ethyl mercaptan, 22, 59

Ethyl methacrylate, 29, 4 .

Ethyl 7N -methyl-B-aminopropionate, 20,
3

1-Ethyl-2-methylpyrrolidine, 25, 19

Eravi MyRisTATE, 20, 69

N-Ethyl-1-naphthylcyanamide, 27, 56

1-Ethyl-1-(1-naphthyl)-2-selenourea,
27, 59

Ethyl oleate, 29, 80

Ethyl orthoformate, 25, 93; 28, 60, 84

Ethyl oxalate, 26, 42

ETHYL OXALYSUCCINATE, 26, 42

Ethyl oxomalonate, 25, 33

ETHYL PENTANE-1,1,5,5-TETRACARBOX-
YLATE, 23, 18

Ethyl phenylacetylmalohate, 25, 73

ErmYL 8-PHENYL-B-HYDROXYPROPIO-
NATE, 21, 51

Ethyl propionate, 21, 43

Ethyl propylcyanoacetate, 26, 33

4-ETHYLPYRIDINE, 27, 38

ETHYL 2-PYRIDYLACETATE, 9, 44

1-Ethylpyrrolidine, 28, 19

Ethy! succinate, 26, 42

Ethyl thiourca, 21, 84
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S-ETHEYLTHIURONIUM BROMIDE, 22, 59

Ethyl m-tolylxanthate, 27, 82

ETHYL N-TRICARBOXYLATE, 24, 60

Ethyl y-veratrylbutyrate, 26, 29

Ethynylcarbinols, 20, 40; 22, 101

1-ETHYNYLCYCLOHEXANOL, 29, 1, 47

1-Ethynylcyclohexanol, conversion to

1-acetylcyclohexene, 29, 1

1-ETHYNYLCYCLOHEXANOL-1, 20, 41

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

Extractor, continuous, 23, 49; 28, 66
shaking, 22, 78

0-EUGENOL, 25, 49

Fatty acids, from natural oils, 22, 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
Ferrous sulfate, 28, 11
Fieser’s solution, 21, 110
Filter fabric, Pyrex glass, 22, 33, 65
Vinyon, 22, 33, 67
Filter paper, hardened, 22, 45
“Shark skin,” 28, 97
Fischer indole synthesis, 22, 98
Flash distillation, 21, 85
Flask, modified Claisen, 22, 11
Fluorene, 28, 3
purification of, 28, 4
2-IF'LUORENECARBOXYLIC ACID, 9-0X0-,
28, 63
Fluorenone, 28, 92
purification of, 28, 92
FLUORENONE-2-CARBOXYLIC ACID, 28, 63
FLUORENONE, 2,4,7-TRINITRO-, 28, 91
Fluorescence of 9-aminoacridine hydro-
chloride, 22, 7
m-Fluorostyrene, 28, 33
Formaldehyde, 20, 60; 24, 64
Formaldehyde solution, 27, 20, 41; 29,
31
Formalin, 22, 66; 28, 65, 89
Formanilide, 26, 41
Formhydrazide, 24, 13
Formic acid, 20, 66, 102; 23, 43; 25, 89;
26, 7, 11; 28, 35; 29, 5
FORMIC ACID, AZOBIS-, DIETHYL ESTER,
28, 58
FORMIC ACID, CHLORO-, BENZYL ESTER,
23, 13
o-Formotoluide, 28, 43 )
Formylaminoguanidine sulfate, 28, 1
Formylation by Claisen condensation,

ForMvyL-dl-MmernvirneeoNiNg, 20, 103,

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; 28, 1, 3, 26, 55; 29, 11,
38
Fries rearrangement, 21, 25; 28, 42
Froth dissipation, 20, 3
Fructose, 24, 64, 66
FUMARYL CHLORIDE, 20, 29, 51
Fuming sulfuric acid, 27, 78
2-FURANACRYLIC ACID, 20, 55, 25, 51
FURAN, 2-(BROMOMETHYL) TETRA-

HYDRO-, 23, 88
2-FURANPROPIONIC ACID, TETRAHYDRO,

27, 68
Furfural, 20, 55; 23, 70; 25, 51
FURFURYLAMINE, 23, 70
Furnace, construction of, 22, 40

hot tube, 283, 25

Furoic acid, 27, 60
FURYLACRYLIC ACID, 20, 55; 26, 51; 27,

8 ‘.
Fusion, alkaline, of an aryl sulfonate,
a1, 29
of a mixed ether, 29, 85
Fusion pot, 20, 86

Gas trap, 20, 1, 12, 29, 60, 77, 92, 106;
3, 48
Gattermann reaction, aldehyde syn-
thesis, 23, 57
B-GENTIOBIOSE OCTAACETATE, 22, §3
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, I
B-d-GLUCOsE-1,2,3,4-TETRAACETATE, 22,
56
$3-d-GLUCOSE-2,3,4,6-TETRAACETATE, 25,
53

GLUTARIC ACID, 3-METHYL~, 23, 60
GLUTARIC ACID, a-0XO-, 26, 42
Glycerol, 22, 75, 82; 27, 48; 28, 73
GLYCEROL, ISOPROPYLIDENE-, 28, 73
GLYCIDIC ACID, 8-METHYL-3-PEENYL-,
ETHYL ESTER, 24, 82

Glycine, 22, 59; 23, 14

ethyl ester hydrochloride, 24, 56
GLYCOCYAMINE, 22, 59
Glycolic acid, 24, 63
GLYCOLONITRILE, 27, 41
Glycoside, hydrolysis of, 22, 86
Glyozal, 24, 63
GLYOXAL BISULFITE, 24, 61
GLYOXALINE, 22, 65
GLYOXYLIC ACID, PIIENYL-, 24, 16
Grignard reaction, p-hromophenylsete

104

nophenol, 24, A
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Grignard reaction—Continued
n-butylselenol, 24, 91
3,12-dihydroxy-nor-cholanyldiphenyl-

carbinol, 24, 41
diisoamylcadmium, 28, 76
1-hydroxy-1-phenyl-1,2,3 4-tetra-

hydronaphthalene, 24, 85
selenocresols, 24, 91
selenophenol, 24, 89
thiophenols, 24, 91

Guaiacol, 26, 50

GUAIACOL ALLVL ETHER, 26, 49

GUANIDINE, AMINO-, BICARBONATE, 26, 7

GUANIDOACETIC ACID, 22, 59

Haloform reaction, 28, 27

Helices, 20, 96

Hewmin, 21, 53

Hempseed oil, 22, 85

Heptabromostearic acid, 22, 83, 85

Heptaldehyde, 23, 70; 29, 14

Heptaldehyde diacetate, 29, 16

Heptaldehyde enol acetate, 29, 14

Heptane, 20, 41

Heptanoylchlororesorcinol, 20, 58

0-HEPTANOYLPHENOL, 20, 57, 58

p-HEPTANOYLPHENOL, 20, 58

Heptoic acid, 26, 2

HEPTOIC ANHYDRIDE, 26, 1

Heptoyl chloride, 26, 2

n-HEPTYLAMINE, 23, 70

n-Heptyl mercaptan, 21, 38

o-n-HEPTYLPUENOL, 20, 57

Hershberg stirrer, 20, 8; 22, 74; 23, 33

HEXABROMOSTEARIC ACID, 22, 82

7-HEXADECYL $-BROMOBENZENESUL-
FONATE, 20, 51

1n-HEXADECYL -TOLUENESULFONATE,
20, 51

1,5-HEXADIENE, 27, 7

HEXAHYDROPSEUDOIONOL, 23, 81

HEXAMETHYLENE BROMIDE, 20, 25

HEXAMETHYLENE CHLOROHYDRIN, 28, 65

Hexamethylene dichloride, 28, 66

Hexamethylene glycol, 28, 66

HEXAMETHYLENETETRAMINE, 22, 66

Hexamethylenetetramine, 29, 87

1-HExaNOL, 6-CHLORO-, 28, 65

p-n-Hexoxyaniline, 25, 10

o-n-Hexoxynitrobenzene, 26, 10

p-n-Hexoxynitrobenzene, 25, 10

n-HEXYLAMINE, 23, 72

Hinsherg separation, 26, 16

IIOM(SDZ{’HTHALIC ACID, 22, 61; 29, 49, 50,

HOMOPHTHALIC ANHYDRIDE, 29, 50

HYDRATROPALDEHYDE, 24, 87

Hydrazine, athydrous, 24, 53

reaction of sulfate with methyliso-

thiourea sulfite, 26, 9

tiydrazine hydrate, 20, 48; 21, 68, 70;
24, 12, 53, 58; 28, 58

Hydrazine hydrate—Continued

85%, 29, 20
Hydrazine sulfate, 21, 70; 26, 10; 29, 78
o-Hydrazinobenzoic acid, 29, 57
o-Hy;igraanobenzoic acid hydrochloride,
Hydriodic acid, 22, 91; 29, 56
Hydg(z)bromic acid, 20, 82, 102, 103; 22,

489, 23, 67; 24, 22
rec608very as constant-boiling acid, 23,

Hydrochloric acid, 28, 86; 28, 66
Hydrocinnamoyl chloride, 26, 14
Hydrocyanic acid, 22; 25
Hydrogen, electrolytic, 21, 85, 111
Hydrogenation, apparatus for high-
pressure, 21, 108
daél‘%ers and precautions, 22, 10; 26,

of a dinitrile, 27, 18
of an ethylenimine, 27, 13
of a ketimine, 27, 28
of a nitrile, 27, 33
of nitro compounds, 22, 10; 25, 10;
29, 6
of resorcinol, 27, 21
over palladium, 26, 32, 45
over platinum, 26, 38
Hydrogenation bomb, use of, as auto-
clave, 24, 3, 54; 28, 46
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
Hydr(ggenolysis, of 2-chlorolepidine, 26,

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; 28, 14, 35
Hydrogen sulfide, 20, 15; 21, 21; 22, 14;
23, 7; 24, 65, 85; 27, 58; 28, 16
Hydrolysis, 20, 82, 92, 98; 25, 33, 74;
27, 1; 29, 35
and decarboxylation of a 8-keto ester,
26, 43
of an acetal, 25, 93; 29, 63
oﬁ an acetate, 29, 14
of an acetylamino compound, 22, 32;
25, 70 y po y 3
of an amide to an acid, 22, 14; 23, 61
of tert.-butylurea, 29, 21
of chitin, 26, 36
of a creatinine derivative to an amino
acid, 22, 91
of a diazonium salt, 29, 63
of a glucosidic hromide, 26, 53

.Hydroquinone, 20, 64; 28, 68; 29, 3, 5
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Hydrolysis—Continued

of an isonitroso ketone to an a-dike-
tone, 23, 1

of a ketimine, 28, 7

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; 29, 61

of an oxime, 27, 16 .

of a substituted cyanomalonic ester,
26, 25

of 2-thienylmethylhexamethylene-
tetrammonium chloride to the alde-
hyde, 29, 87

of a triacetate, 29, 90

as an inhibitor, 22, 39, 41; 28, 94, 96;
29, 3, 5, 59, 88
HyYDROQUINONE. DIACETATE, 28, 68, 42
Hydroquinone dipropionate, 28, 43
o-Hydroxyacetophenone, 21, 43, 45
m-HYDROXYBENZALDEHYDE, 25, 55; 29,

63
w-Hydroxycaprylic acid, 27, 70
2-HYDROXYCINCHONINIC ACID, 28, 70
B-(2-HYDROXYETHYLMERCAPTO)PRO-
PIONITRILE, 29, 52
Hydroxylamine, 20, 74; 28, 80
Hydroxylamine hydrochloride, 20, 74;
22, 26; 28, 80
B-Hydroxylaminocinnamic acid, 22, 26
2-Hydroxy-3-methoxybenzaldehyde,
oxidation with hydrogen peroxide,
26, 90
4(5)-HYDROXYMETHYLIMIDAZOLE
HYDROCHLORIDE, 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
5-HYDROXYPENTANAL, 27, 43
a-Hydroxyphenazine, methylation to
quaternary salt, 26, 87
2-(8-HYDROXYPROPYL)-PYRIDINE, 23, 83
2-(v-HYDROXYPROPYL)-PYRIDINE, 23, 85
N-(y-Hydroxypropyl)-tetrahydroquin-
oline, 26, 41
Hypophosphorous acid, 21, 30

IMmAZOLE, 22, 65
IMIDAZOLE-4,5-DICARBOXYLIC ACID, 22,

66
4-TMIDAZOLEM ETHANOL HYDROCHLO-
RILI, 24, 64

2-IMIDAZOLIDINETHIONE, 26, 34

2-Imine-1-cthylnaphthol1,2[selenazo-
line, 27, 55

2-Imino-1- methyliaphthoj1,2]selenazo-

line, 27, 55
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InDAZOLE, 20, 74; 29, 54

Indazole, 3-chloro-, 29, 55

Indazolone, 29, 55

purification, 29, 57

Indene, 90%, 29, 50

INDOLE, 23, 42

INDOLE, 2-METHYL, 22, 94

INDOLE, 2-PHENYL, 32, 98

INDONE, 2,3-DIPHENYL-, 27, 30

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

Todination of phthalic anhydride, 27, 78

Todine, 27, 78; 28, 16, 22, 49

Iodine value, 22, 79, 84

Todobenzene, 22, 69, 71, 72, 73

TODOBENZENE DICHLORIDE, 22, 69, 70, 73

p-Todobenzyl alcohol, 24, 81

p-Todobenzyl bromide, 24, 81

TopoNIUM COMPOUND, 22, 52

Todoso and iodoxy compounds, differen-
tiation, 22, 71

T0DOSOBENZENE, 22, 52, 70, 72

JODOTOLUENE DICHLORIDES, 0-, #-, P-,
22, 70

TODOXYRENZENE, 22, 52,72, 73

Iron powder as reducing agent, 22, 12

Irradiation, 20, 81, 92, 101

Isatin, 28, 70

ISATOIC ANHYDRIDE, 27, 45

Isoamy] bromide, 28, 76

Isoamylmagnesium bromide, 28, 76

Isobutyl alcohol, 23, 43

ISOBUTYRAMIDE, 25, 58

ISOBUTYRONITRILE, 25, 61

TSOBUTYRYL CHLORIDE, 24, 20; 25, 58

TIsocaproic acid, 21, 74

ISOCAPROIC ACID, @-AMINO, 21, 74

Isodurylacetonitrile, 26, 67

B-ISODURYLALDEHYDE, 21, 110; 28, 57,
59

B-ISODURYLYL CHLORIDE, 21, 77
dl-ISOLEUCINE, 21, 60
Isomerization, 1-ethynylcyclohexanol to
1-acetylcyclohexene, 29, 1
Isonitrosopropiophenone, 23, 1
Isoprene, 29, 59
purification, 29, 60
ISOPRENE CYCLIC SULFONE, 29, 59
p-Isopropoxyaniline, 25, 10
p-TIsopropoxynitrobenzene, 25, 10
Isopropyl alcohol, 24, 26; 27, 35
Isopropylamine, 26, 39
2-ISOPROPYLAMINOETHANOL, 26, 38
Isopropyl ether, recrystallization from,
22, 2
removal of peroxides from, 22, 3
dl-ISOPROPYLIDENEGLYCEROL, 28, 73
Isopropyl nitrite, 24, 26
TSOVALERIC ACID, @-ACETYL, KTHYL
ESTER, 87, 35
Tsovaleric acid, dry, 20, 106
Isovalerie acid monohydrate, 20, 106
Isovaleryl chloride, 94, 21
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JuLOLIDINE, 26, 40

Kerosene, purified, 24, 7

Ketene, 21, 13, 64

KETENE DIETHYLACETAL, 23, 45
KETENE, DIETHYL KETAL, 23, 45
KETENE DIMER, 21, 4, 64

“Ketene lamp,” 21, 65

Keto acid, 20, 2

a-KETOGLUTARIC ACID, 26, 42

KET(;NE, 1-CYCLOHEXENYL METHYL, 29,

KET(;SNE, 2-FLUORENYL METHYL, 28, 3,

KETONE, METHYL 9-PHENANTHRYL, 28, 6

KxeTONE, METHYL 2-THIENYL, 28, 1

Knoevenagel condensation, 23, 60; 24,
92; 25, 42, 51; 27, 24; 28, 24

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

KRYPTOPYRROLE, 21, 67

Lacramrog, 21, 71
Lactic acid, alky] esters, 26, 6
esterification of, 26, 4
methyl ester, 26, 6
polymer of, 26, 5
Lactic acip, ALLYL ESTER, 26, 4, 5
Laurel wax, 20, 68
Lauroylacetone, 28, 46
Lauroyl! chloride, 24, 94
Lauryl 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, 28, 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
Levulinic acid, 27, 28
Livorzic Acm, 22, 75
TETRABROMIDE, 22, 76
LINOLENIC AcCID, 22, 82
HEXABROMIDE, 22, 82, 85
LavoLric acp, 22, 75
Linseed oil, 22, 82, 84, 85
Liquid ammonia, 27, 18
Lithium, 23, 83; 29, 44
cutting, 23, 84
sand, 28, 84
Luminol, 29, 10, 79

Magnesium, 21, 46, 77, 79; 24, 41, 85,
. 90; 27, 30, 65; 28, 6, 28, 76, 84
in malonic ester synthesis, 28, 73
Magnesium powder, 20, 21
Magnesium turnings, 27, 7
Maleic anhydride, 80, 51; 23, 93; 29, 11

Malonic acid, 24, 92
drying of, 25, 52
substituted, 21, 61
bromination of, 21, 61, 100
degarbsolxylation of, 21, 61, 101; 25,
p)
MALONIC ACID, BENZAL-, DIETHYL
ESTER, 25, 42
MATONIC ACID, ETHOXYMETHYLENE-,
DIETHYL ESTER, 28, 39, 60
MALONONITRILE, 25, 63
MANDELAMIDE, 20, 62
MANDELIC ACID, 20, 62; 23, 48
MANDELIC ACID, 2,5-DIMETHYL-, 35, 33
Mannich reaction, 23,30
d-MANNOSE, 22, 86
Manometer, 25, 15, 22
l-Menthol, 23, 52
I-MENTHOXYACETIC ACID, 23, 52, 55
I-MENTHOXYACETYL CHLORIDE, 23, 55
2-Mercaptoethanol, 29, 52
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, 25, 15, 22
MESITALDERYDE, 21, 110; 23, 57, 59
MEsrToic Acm, 21, 78
MEesiTOYL CHLORIDE, 21, 77, 110
MESITYLACETIC ACID, 25, 65
MESITYLACETONITRILE, 25, 66
Mesitylene, 28, 57; 25, 65
Metalation of a-picoline by phenyl
lithium, 23, 84; 29, 44
Metal bath, 20, 48 '
a.dggring to glass, prevention of, 22,

Metal reaction vessel, 23, 102
METHACRYLAMIDE, 29, 61 ~
Methacrylamide sulfate, 29, 62
Methacrylic acid, 29, 4
B-Methallyl lactate, 26, 6
MET;IOAZNE, CHLOROTRIPHENYL-, 23, 100,
METRBANE, DIAZO-, 26, 28
METHANE, DIAZODIPHENYL-, 24, 53
Methoxyacetonitrile, 21, 79
@-METHOXYACETOPHENONE, 21, 79
m-METHOXYBENZALDEHYDE, 29, 63
m-Methoxybenzonitrile, 29, 77
3-Meth9xy-1,Z—benzoquiqone, conden-
sation with o-phenylencdiamine,
26, 87
p-Methoxybenzyl cyanide, 29, 84
6-Mezt;;o;(zy—S—bron’)o»&nitroquinoline,
)
7-Mcthoxy-3,4-dihydro-2-naphthoic
acid, 26, 30
2-METHOXYDIPHENYL ETHER, 26, 50
5-(3-METHOXY-4-HYDROXYBENZAL)-

CREATININE, 32, 90, 93
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5-(3-METHOXY-4-HYDROXYBENZYL)-
CREATININE, 22, 90

6-Methoxylepidine, 26, 48

6-Methoxylepidine monohydrate, 26, 47

2-Methoxy-4'-methyldipheny] ether, 26,
5

1
2-Methoxy-5-methyldiphenyl ether, 26,
51

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

8-Methoxy-6-nitroquinoline, 27, 52

6-METHOXY-8-NITROQUINOLINE, 27, 48

6-Methoxy-8-nitroquinoline sulfate, 27,
52

a-METHOXYPHENAZINE, 26, 86
a—Methox’}/phenazine, demethylation of,
26, 8
METEYL $-(1-ACENAPHTHOYL)-PROPIO-
NATE, 20, 4
Methy! acetoacetate, 24, 70
p-Methylacetophenone, oxidation of,
4-METHYL-7-ACETOXYCOUMARIN, 21, 24
Methyl acrylate, 20, 64, 81; 26, 19;29, 5
METHYLAL, 20, 60
Methylamine, 20, 36; 27, 28
anhydrous, 20, 35
259, aqueous solution, 29, 66, 67
30%, aqueous solution, 25, 28
359, aqueous solution, 21, 81
generator, 20, 35
hydrochloride, 21, 82
1-METHYLAMINOANTHRAQUINONE, 29,
66, 68
N-Methylaminoaromatic acids, 22, 93
1-METHYLAMINO-4-BROMOANTHRA-
QUINONE, 29, 68
Methyl-n-amylamine, 26, 19
Methyl amyl ketone, 23, 70
Methylaniline, 20, 11, 66; 26, 41
Methylation, 20, 97; 26, 44, 91; 29, 63
METHYL @-BROMO-3-METHOXYPROPIO-
NATE, 20, 81
METHYL 3-BROMOPROPIONATE, 20, 64
METHYL 5-BROMOVALERATE, 26, 52
Methyl-n-butylamine, 25, 19
1-Methyl-2-n-butylpyrrolidine, 28, 19
Methyl carbitol, 22, 32
4-METHYLCARBOSTYRIL, 24, 28, 68
Methyl chloride, 27, 65
4-METHYLCOUMARIN, 24, 69
METHYL w-CYANOPELARGONATE, 2B, 69
Methylcyclohexane, 21, 16
Methy! desoxycholate, 24, 41
Methyl «,8-dibromopropionate, 20, 82
N-METHYL-3,4-DINYDROXYPHENYL-
ALANINE, 22, 89, 91, 93
8-(3,4-M ETHY LENEDIOXYPILENYL)-
ETHYLAMINLE, 28, 72
Methyl ester column, 24, 72, 73
METHYLETHY LETIY NYLOARBINOL, 80,
41; 33, 101

5-METHYL-5-ETHYLHYDANTOIN, 20, 44

Methy! ethyl ketone, 20, 41

Methyl ethyl ketone cyanohydrin, 20,
44

N-METHYLFORMANILIDE, 20, 11, 66
0-M ETHYLFORMANILIDE, 23, 43
Methyl formate, 29, 5
Methyl g-formylpropionate, 21, 88
a-Methylglucoside, 20, 99
B-METHYLGLUTARIC ACID, 23, 60
Methyl hydrogen adipate, 26, 52
METHYL HYDROGEN SUCCINATE, 25, 19
4-METHYL-7-HYDROXY-8-ACETYLCOUMA-
RIN, 21, 25
4-METHYL-7-HYDROXYCOUMARIN, 21, 23
2-M ETHYL-4-HYDROXYQUINOLINE, 29,

70
1-METHYL-2-IMINO-3-NAPHTHOTHIAZO-
LINE, 27, 53
2-METHYLINDOLE, 22, 94
Methyl iodide, 28, 6
Methyl isobutyl ketone, 28, 45
METHYL 1SOTHIOCYANATE, 21, 81, 83
Methyl isothiourea, reaction of sulfate
with hydrazine sulfate, 26, 9
Met}’}yl 4-keto-5-methyloctanoate, 28,
9
METHYL 4-KETO-7-METHYLOCTANOATE,
28, 75
Methyl lactate, 26, 6
6-Methyllepidine, 26, 47
8-Methyllepidine, 26, 47
Methylmagnesium iodide, 28, 6, 30, 33
a-Methyl-d-mannoside, 22, 86
Methyl mercaptan, 26, 9
N-METHEYL-(3-METHOXY-4-ITYDROXY-
PHENYL}-ALANINE, 22, 91
2-Methyl-6-methoxyquinoline, 26, 47
METHYL MYRISTATE, 20, 67
a-Methynaphthalene, 26, 93
N-METHYL-1-NAPHTHYLCYANAMIDE, 27,

56, 58
1-Methyl-1-(1-naphthyl)-2-selenourea,
7, 59

1-METRYL-1-(1-NAPHTHYL)-2-THIO-
UREA, 27, 53, 58

Methyl-#-octylamine, 28, 19

Methy! oleate, 27, 76

METHYL PALMITATE, 20, 67

METHVYLPHENYLDIKETONE, 23, I

B-(2-METHYLPHENYL)-ETHYLAMINE, 23,
72

B-(3-METHYLPHENYL)-ETHYLAMINE, 23,
7

2
B-(4-METHYLPHENYL)-ETHYLAMINE, 23,
72

m-Methylphenylmethylcarhinol, 28, 30
N-Mecthyl-2-pyridone, 28, 18

Methyl 2-pyridylacetate, 39, 46
1-Methylpyrrolidine, 28, 19

Mirnve, pYRUVATE, 34, 72

MuErnye SEnACAMATE, 88, 71
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METHYLSUCCINIC ACID, 26, 54
various methods for preparation of
26, 56
Methyl sulfate, 20, 97; 29, 64
antidote, 20, 97
a-Methyltetrahydrofuran, 26, 83
METHYLTHIOUREA, 21, 83
Mineral oil, 23, 103
Monel-metal stirrer, 20, 99
Monoalkylcyanoacctates, 26, 33
Monochloroacetic acid, 28, 94
MONOPERPHTHATIC ACID, 20, 70
Mucosroumic acip, 27, 60
Muconic Acp, 26, 57
various methods of preparation, 26,

)

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,

Naphthalene, 24, 30
NAPHTHALENE, 1,4-DINITRO-, 28, 52
1,3-NAPHTHALENEDIOL, 26, 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-DIHYDRO-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,
AMMONIUM AND POTASSIUM, 21, 97
NapHTHORESORCINOL, 25, 73
B-NAPHTHOYL CHLORIDE, 21, 85
B-Naphthylamine, 22, 23
1-NAPHTHYLAMINE, 4-NITRO-, 28, 80
B-Naphthyl ethyl ether, 20, 11
a-Naphthyltrimethylammonium bro-
mide, 27, 57
Nef reaction, 20, 40
Nichrome helices, 20, 96
Nickel-aluminum alloy, 21, 15, 16; 27,
68

Nickel catalysts, Raney, 21, 15; 22, 9,
12;28, 68, 71, 81, 90; 25, 10; 27, 13,
18, 22, 28, 33
Universal Oil Products, 37, 22
Nitrate ester preparation, 22, 65
Nitrating mixture, 27, 62; 28, 91
Nitration, in acetic acid, 25, 78
of henzaldehyde, 29, 72
Nitric acid, 27, 84, 86

Nitric acid—Continued
anhydrous, 21, 105, 106
fuming, 22, 48, 65; 23, 3; 28, 91, 29, 72
Nitrile formation, 20, 74; 21, 89; 25, 61
63, 66, 69, 95; 28, 34
4-NITRO-4’-ACETAMINODIPEENYLSUL-
FONE, 22, 32
3-Nitro-4-aminoanisole, 27, 48
3-Nitro-4-aminotoluene, 22, 47
#-Nitroaniline, 26, 61
0-NITRORENZALDEHYDE, 24, 75; 28, 11
m-Nitrobenzaldehyde, 25, 55; 29, 72
m-NITROBENZALDEHYDE DIMETHYL-
ACETAL, 29, 6, 72
o-Nitrobenzaldiacetate, 24, 75
Nitr%l())enzene, 20, 1; 22, 28; 24, 70; 25,

El

p-Nitrobenzenediazonium borofluoride,
26, 61, 62
p-Nitrobenzenesulfonamide, 29, 76
#-Nitrobenzoic acid, 23, 66; 29, 75
o-Nitrobenzonitrile, 29, 77
p-NITROBENZONITRILE, 29, 75
m-Nitrobenzoyl chloride, 23, 66
p-Nitrobenzoyl chloride, 23, 65
m-NITROBENZOYL PEROXIDE, 23, 66
P-NITROBENZOYL PEROXIDE, 23, 65
P-NITROBENZYL ACETATE, 24, 79, 81
$-NITROBENZYL ALCOHOL, 24, 81
p-Nitrobenzyl chloride, 24, 79
p-Nitrochlorobenzene, 22, 32
2-NITRO-p-CYMENE, 21, 96; 22,9
5-N1TRO-2,3-DIHYDRO-1,4-PHTHALA-
ZINEDIONE, 29, 8, 78
m—NITRODIMETIIYLANILINE, 27, 62
p-Nitrodimethylaniline, 27, 63
Nitrogen atmosphere, 22, 94; 23, 42, 83
Nitrogen peroxide, 25, 34
Nitroguanidine, reduction of, 26, 7
5-NITROINDAZOLE, 20, 73
2-N ITRO-4-METHOXYACETANILIDE, 25,
78
2-NI1TRO-4-METHOXYANTLINE, 25, 78
2-N: ITRO-6-METHOXYBENZONITRILE, 22,
35
a-Nitronaphthalene, 28, 80
4-Nitronaphthalene-1-diazonium sul-
fate, 28, 52
4-N1TRO-1-NAPHTHYLAMINE, 28, 52, 80
3—NITRO-4—NITROSOTOLUENE, 22, 47
o-Nitrophenol, 26, 9
p-Nitrophenol, 20, 60 .
p-NITROPHENYLARSONIC ACID, 26, 60
various methods of preparation, 26, 62
$-NITROPHENYL SULFIDE, 28, 82
3-Nitrophthalic acid, 29, 78
Nitrosation, of B-methylaminoisobutyl
methy! ketone, 25, 28
of phenacyl chloride, 24, 25
NITROSOBINZENT, 25, 80
N-NITROSO-B-METIY LAMINOISOBUTYL
METHYL KETONLE, 38, 28
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Nitrosomethylurethan, 26, 13
2-NITROSO-5-NITROTOLUENE, 22, 44
Nitrosylsulfuric acid, 28, 52
o-Nitrotoluene, 24, 76
p-Nitrotoluene, 21, 97
Nitrous acid, 22, 96
NONAMETHYLENE BROMIDE, 20, 25
4,6-NONANEDIONE, 2,8-DIMETHYL-, 28,
44

»n-Nonyl mercaptan, 21, 38

OCTADECANEDIOIC ACID, DIETHYL ESTER,
21, 48 §
9-OCTADECEN-1-0L, 29, 80
#-OCTADECYL p-BROMOBENZENESULFO-
NATE, 20, 51
n-Octadecyl mercaptan, 21, 38
#-OCTADECYT. -TOLUENESULFONATE,
20, 51
Octanoylchlororesorcinol, 20, 59
0-Octanoylphenol, 20, 58
$p-Octanoylphenol, 20, 58
Octanoylresorcinol, 20, 58
n-Octyl mercaptan, 21, 38
OLEYL ALCOHOL, 29, 80
4-Oxa-7-thiadecanedinitrile, 29, 53
OXETANE, 29, 92
Oxidation, by air, 20, 94
by air and alkali, 22, 37
by bromine water, 20, 23
by chlorine water, 28, 59
by fuming nitric acid, 23, 3
by hydrogen peroxide, 20, 70; 28, 14,
35

in formic acid, 28, 35

by iodine, 28, 16

by nitric acid, 27, 84

by potassium chlorate, 23, 6 .

by potassium dichromate and sulfuric
acid, 29, 49

by potassium permanganate, 20, 79

by sodium dichromate and acetic
acid, 28, 63 .

by sodium dichromate and sulfuric
acid, 25, 81

conversion of acetyl to carboxyl
group, 26, 95; 28, 63 .

of an aldehyde by selenious acid, 24,
61

of an amine to a nitroso compound,
22, 44, 47 .

of an aromatic aldehyde to an acid by
alkali, 29, 85

of p-cymene, 27, 86 .

of a hydrazine derivatu{e, 28,59

of a hydrocarbon to a dicaclylic acid,
29, 49 )

of a hydrocarbon to a quinone, 24, 1

of a hydroxylamine to a nitroso com-
pound, 26, 81 )

of “iodobenzenedichloride to iodoxy-
benzene, 38, 73

Oxidation—Continued
of a methyl group to a carboxyl group,
23, 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
of a thioacid to an acyl disulfide, 28,
16
of a thiophenol to a disulfide, 28, 14
of o-xylene, 27, 84
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,

Q7zONIZER, 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 CARBON, 26, 78
PALMITIC ACID, 20, 69
Paraffin, 23, 103
Paraformaldehyde, 23, 30; 24, 30; 29, 32
Paraldehyde, 24, 61
PELARGONIC ACID, 8-CYANO-, METHVL
ESTER, 26, 69
o-Pelargonylphenol, 20, 58
p-Pelargonylphenol, 20, 58
PENTAACETYL-@-GLUCONONITRILE, 20,
14, 7¢
PENTAMETHYLENE BROMIDE, 23, 67
PENTAMETHYLENE GLYCOL, 26, 83
PENTAMETHYLENE OXIDE, 22, 67, 90
1,5-PENTANDIOL, 26, 83, 85
PENTANE, 1,5-DIBROMO-, 23, 67
2,4-PENTANEDIONE, 20, 6
1,2,5-PENTANETRIOL, 29, 89
2-PENTENOIC ACID, 2-CYANO-3-ETHYL-,
ETHYL ESTER, 26, 46
3-PENTENOIC ACID, 2-CYANO-3-ETHYL-2-
METHYL=, ETHYL ESTIR, 20, 44
4-PuNTEN-1-01, 35, 84
Pentose synthesis, 20, 14
Perncid, 20, 70; 33, 44

Perkin reaction, 20, 55, 99, 14
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PEROXIDE, BIS(2-NITROBENZOVL-), 22,
65

Peroxides, removal from isoprene, 29, 59
removal from isopropyl ether, 22, 3
removal from a-tetralone, 20, 95

PERPHTHALIC ACID, MONO-, 20, 70

Petroleum ether, 23, 102, 104

Phenacyl chloride, 24, 25, 26

Phenanthrene, 28, 19
purification of, 28, 19

PHENANTHRENE-9-ALDEHYDE, 28, 83

PHENANTHRENE, 9-BROMO-, 28, 19

9-PHENANTHRENECARBONITRILE, 28, 7,

34
9-PHENANTHRENECARBOXALDEHYDE,
28, 83
9-Ph§131anthry1magnesium bromide, 28,

PHENETHVLAMINE, 23, 71

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

PHENOL, 2-AMINO-4-NITRO-, 25, 5

PrENOL, 2,6-DICHLORO-, 29, 35

Phenol red, 22, 91

9-Phenoxyacridine, 22, 7

Phenylacetyl chloride, 26, 14

dl-PHENYLALANINE, 21, 99

a-Phenyl-a-aminobutyric acid, methyl-
ation of, 25, 91

1-PHENYL-3-AMINO-5-PYRAZOLONE, 28,
87

N-Phenylanthranilic acid, 22, 5

PHENYL AZIDE, 22, 96

$-PHENYLAZOBENZOIC ACID, 25, 86

p-PHENYLAZOBENZOYL CHLORIDE, 25,

Phenylbenzoyldiazomethane, 20, 48
a-Phenyl-B-benzoylpropionitrile, 27, 33
PHENYL CINNAMATE, 20, 77
«-PHENYLCINNAMONITRILE, 29, 83
1-Phenyldialin, 24, 84
B-PHENYLDITHIOCARBAZIC ACID, PHEN-
YLDYDRAZINE SALT, 25, 38
o-Phenylenediamine, 20, 16
«-PHENYLETHYLAMINE, 23, 68
B-PHENYLETHYLAMINE, 23, 71; 25, 89
PHENYLETEYLAMINE, N,N-DIMETHYL-,
25, 89
B-PHENYLETHYLDIMETHYLAMINE, 25, 89
dI-PHENYLGLYCINE, 22, 23
a-PHENYLGLYCOLIC ACID, 23, 48
Phenylhydrazine, 22, 96; 25, 38; 28, 87
PHENYLEYDRAZINE HYDROCHLORIDE, 22,
96
B-Phenylhydroxylamine, 26, 80
2-PHENYLINDOLE, 22, 98
PHENYLLITHIUM, 283, 83
Phenylmagnesium bromide, 21, 79; 23,
98; 24, 84, 89; 27, 30
reaction with benzophenone, 23, 99
reaction with ethyl benzoate, 28, 98
PHEN}(LMETHYLGLYCIDIC ESTER, 24, 82,

1-PHENYLNAPHTHALENE, 24, 84
PHENYLPROPARGYL ALDEHYDE, 25, 92
PHENYLPROPARGYL ALDEHYDE ACETAL,
25, 93

a-PHENYLPROPIONALDEHYDE, 24, 87

2,4-dinitrophenylhydrazone of, 24, 88
Phenyl salicylate, 26, 92
Phenylthiosemicarbazide, 25, 38
a-PHENYLTHIOUREA, 28, 89
N-Phenyl-o-toluimidyl chloride, 26, 98
Phosgene, 27, 45

solution of, in toluene, 23, 13
Phosphoric acid, 24, 30; 28, 1
Phosphorus, red, 22, 91; 29, 56
Phosphorus oxychloride, 20, 11; 22, 5;

24, 20; 25, 63; 28, 39; 29, 55

Thosphorus pentachloride, 21, 86; 29, 75
Phosphorus pentasulfide, 25, 36
Phosphorus pentoxide, 25, 61, 69; 29, 1
Phosphorus tribromide, 23, 32, 88

prggautions and dangers in use of, 23,

Phosphorus trichloride, 20, 106; 21, 74
prggautions and dangers in use of, 23,

Photoflood lamps, 20, 84, 104

PHTHALALDEHYDIC ACID, 23, 74

1,4-PHTHALAZINEDIONE, 5-AMINO-2,3-
DIHYDRO-, 29, 8

1,4-PATHATLAZINEDIONE, 5-NITRO-2,3-
DIIYDRO-, 29, 78

Phthalic acid, 24, 45

Phthlaglic anhydride, 20, 70; 27, 78; 29,

PHTHALIC ANHYDRIDE, TETRAIODO-, 27,
78 .
PHTHALIC ANHYDRIDE, TETRAPHENYL-,
23, 93

PHTEALIC MONOPERACID, 20, 70 .
Phthalide, 22, 30, 62; 23, 75
Phthalimide, potassium, 24, 46
Phthaloyl chloride, 20, 51
a-Picoline, 20, 79; 23, 84; 29, 45
PICOLINIC ACID HYDROCHLORIDE, 20, 79
a-PrcoLviLITHIUM, 23, 84; 29, 45
Picric acid, 24, 65
Pmnvacor, aANrYDROUS, 22, 39, 40, 41
Pinacol hydrate, 22, 39
Pinacolone, 22, 39, 41
Piperidine, 23, 61; 25, 42; 27, 24; 28, 24
Polyglyoxal, 24, 63
Polylactic acid, 26, 4, 5

alcoholysis of, 26,4 -«
Polymerization inhibitors, 26, 19; 28, 94
Polyoxymethrlene, 23, 30; 24, 30
Poppyseed oil, 22, 78, 85
Potassium, 23, 42, 45

precautions in use of, 24, 100
Potassium acetate, 20, 55; 29, 14
Potassium acid sulfate, 28, 31
POTASSIUM AMIDE, 20, 91
Potussium bromide, 20, 81, 101
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POTASSTUM ferf.-BUTOXIDE, 23, 42, 45
Potassium carbonate, 20, 21
Potassium chlorate, 23, 6
Potassium cyanide, 20, 38, 44; 22, 35;
27, 41
Potassium dichromate, 22, 45; 29, 49
Potassium ethoxide, 23, 42; 26, 42
Potassium hydrogen sulfide, 28, 16
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
Potassium xanthate, 28, 82
Pressure reaction, 20, 40, 81, 101; 22, 9,
19; 23, 68, 70, 71, 72, 81, 90
use of “booster” pump, 23, 68
1,3-PROPANEDIONE, 1,3-DIPHENYL-, 20,
32
1,2-PROPANEDIONE, 1-PRENYI-, 23, 1
1-PROPANOL, 3-CHLORO-, ACETATE, 29, 33
2-PRrROPANOL, 1-(2-PYRIDYL)-, 23, 83
3-Propavor, 1-(2-pyripyL)-, 23, 85
2-PROPANONE, 1-CHLORO-3-PHENYL-, 26,

13
2-PROPANONE, 1,1-DIPHENYL-, 29, 38
PROPIOALDEHYDE, PHENYL-, 26, 92
PROPIONALDEHYDE, B-ETHOXY-, DIETHYL
ACETAL, 25, 1
PROPIONIC ACID, §-3-ACENAPHTHENYL-
CARBONYL-, 20, 1
PROPIONIC ACID, (3-3-ACENAPHTHOLYL-,
20, 1
PROPIONIC ACID, 8-(CHLOROFORMYL)-,
METHYL ESTER, 26, 19
PROPIONIC ACID, 8,8'-METHYLIMINOBIS,
DIETHYL ESTER, 20, 35
Propionic anhydride, 21, 14
PROPIONITRILE, 3-AMINO-, 27, 3
PROPIONITRILE, B-ETHOXY-, 23, 33
PROPIONITRILE, 3-(2-HYDROXYETHYL~
MERCAPTO)-, 29, 52
PROPIONITRILE, 8,3'-IMINODI-, 27, 3
Propionyl chloride, 24, 30
PROPIOPHENONE, S-DIETHYLAMINO-, 23,
31
PROPIOPHENONE, (3-DIMETHYLAMINO-,
23, 30
#n-Propyl-n-butylamine, 25, 19
~v-n-PROPYLBUTYROLACTONE, 27, 68
1-n-Propylpyrrolidine, 25, 19
§-n-Propylvalerolactone, 27, 70
Protective screen, 22, 97
PROTOCATECHUIC ACID, 29, 85
PSEUDOIONONE, 28, 78
bisulfite compound, 28, 79

PSEUDOTINONYDANTOIN, 27, 71 .
Pscudothiohydantoin hydrochloride,
27,72

PyocyaNiNe, 26, 86
by photochemical oxidation, 26, 80

PyrAN, pIHYDRO-, 23, 25
PYRAN, TETRAHYDRO, 23, 67, 90
5-PYRAZOLONE, 3-AMINO-1-PHENYL-, 28,

Pyridine, 20, 50; 21, 89; 23, 37, 88; 24,
10, 92; 27, 38; 29, 55
anhydrous, 22, 56
2-PYRIDINEACETIC ACID, ETHYL ESTER,
29, 44
PyRrIDINE, 2-BROMO-, 26, 16
PYRIDINE, 4-ETHYL-, 27, 38
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; 29, 2
PYROTARTARIC ACID, 26, 54
PyYRROLE, 2,4-DIMETHYL-3-ACETYL-5-
CARBETHOXY-, 21, 68
PYRROLE, 2,4-DIMETHYL-3-ETHYL-, 21,
67 |
PYRROLE, 2,4-DIPHENYL-, 27, 33
PYRROLIDINE, 1-BUTYL-, 26, I4
2-PYRROLIDONE, 1,5-DIMETHYL-, 27, 28
Pyruvic acid, 24, 72

QUINACETOPHENONE, 28, 42

QUINOL, DIACETATE, 28, 68

Quinoline, 21, 87

QUINOLINE-4-CARBOXYLIC ACID, 2-HY-
DROXY-, 28, 70

QUINOLINE, 4,7-DICHLORO-, 28, 38

QUINOLINE, 2,4-DIMETHYL-, 28, 49

QUINOLINE, 6-METHOXY-8-NITRO, 27,
48

4-QUINOLINOL, 2-METHYL-, 29, 70
Quinones, 22, 37

Raney nickcl-aluminum alloy, 27, 68;
29, 25
RANEY NICKEL CATALYST, 21, 15; 22,9,
12; 23, 68, 71, 81, 90; 25, 10; 27, 13,
18, 22, 28, 33; 29, 24
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 ferrous sulfate, 28, 11
by hydrogen and Raney nickel, at
high pressurcs, 28, 9
at low pressures, 23, 12
alkoxynitrobenzenes to alkoxyani-
lines, 28, 10
benzyl cyanide to phenethylamine,
13,
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Reduction, by hydrogen and Raney
nickel—Continued
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 metallic sodium and ethanol,
Bouveault-Blanc method, 29, 80
by Raney nickel, 29, 6
by red phosphorus and hydriodic acid,
29, 56
by sodium hydrosulfite, 29, 8
by sodium sulfide and ammonium
chloride, 25, 5
by stannous chloride, Stephen reduc-
tion of B-naphthonitrile to 8-naph-
thaldehyde, 23, 63
by sulfurous acid, 29, 55
by zinc and alkali, 22, 28
byg(z)inc and ammonium chloride, 25,

by zinc and hydrochloric acid, 20, 57

Clemmensen, 20, 57

electrolytic, 21, 10

of a double bond by sodium amalgam,
22, 90

of a hydroxylamino acid to an amino
acid by hydroxylamine, 22, 26

of an imide chloride to an aldehyde,
26, 98

of a nitro compound by stannous
chloride, 22, 32; 26, 66

of a nitro compound to an amine, 22,
9; 25, 5, 55; 28, 11, 14; 29, 8

of a nitro compound to an azo com-
pound, 22, 28

of a nitro compound to a hydroxyl-
amine, 25, 80

of 3-chloroindazole to indazole, 29,
5

of nitroguanidine with zinc, 26, 7
over palladium, 26, 32, 46
Rosenmund (Pd-BaSOy), 21, 84, 110
Reductive alkylation, of cyanoacetic es-
ter with butyraldehyde, 26, 32
of ethanolamine 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
amino group by hydroxyl group (diazo
reaction), 23, 11; 28, 55
bromine atom by an amino group,
28, 46
bromine atom by a cyano group, 21,
89; 28, 33; 28, 34

Replacement-—Continued
bromine atom by a hydroxyl group,
23, 76
carboxyl group by bromine, 26, 53
cal;l?soxyl group by a cyano group, 29,

chlorine atom by an amino group, 22,

chlorine atom by a cyano group, 24,
97; 25, 66
chlorine atom by a hydrogen atom,
29, 56
chéorine atom by a sulfone group, 22,
1

chlorine atom by a thiol group, 28, 14
diazonium group by a nitro group, 28,
52

diazonium group by a thiol group, 27,
81

glycosidic bromine atom by a hy-
droxyl group, 25, 53

glycosidic hydroxyl group by a bro-
mine atom, 22, 2

hyéié'ogen atom by a cyano group, 22,

hydro;lrgl group by an amino group,
22,
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; 28, 39, 65
with phosphorus oxychloride, 28, 39
with thionyl chloride, 25, 84 .
hydroxyl group by chlorine or bro-
ir(l)i?e with acetyl halides, 23, 100,
hydroxyl group by chlorine with phos-
phorus oxychloride, 29, 54
nitsré) group by a methoxyl group, 22,

sulfo group by a methylamino group,
sulfonamide group by hydrogen, 24,
48, 49
RESACETOPHENONE, 21, 103
Resorcinol, 21, 23, 103; 27, 21
a-RESORCYLIC ACID, 21, 27
RHODANINE, 27, 73
Ring opening by hydrolysis with barium
hydroxide, 22, 91 «
Roseilln(l)und synthesis, aldehyde, 21, 84,

nitrile, 21, 89

Salicylaldehyde, 28, 24
purification of, 28, 25
Salicylanilides, from various amines, 26,
93
0-SALICYLOTOLUIDE, 26, 92
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SALICYL-0-TOLUIDE, 26, 92
Salol, 26, 92
Salt bath for heating, composition of,
21, 90
Sand as diluent to prevent caking, 22,
98; 25, 63
Sandmeyer reaction, 24, 22
Saponification, of an ester, 26, 30
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, 25, 71
Sebacamide, 25, 95
Sebacic acid, 25, 95
SEBACONITRILE, 25, 95; 27, 18
Selenious acid, 24, 61, 62
Selenium, 24, 63; 27, 33
powdered, black, 24, 90
Selenium compounds, ease of oxidation,
24, 91
precautions when working with, 24,
89

sensitivity to light, 24, 90
Selenium 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
dI-SERINE, 20, 81
Shaking extractor, 28, 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
Skraup reaction, 27, 48
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; 28, 9, 44, 50, 87;
29, 80
Sodium acetate, 20, 6, 11, 56, 75; 22, 54;
24, 79; 27, 10, 36; 28, 73
Sodium acetylide, 29, 48
Sodium amalgam, 22, 90, 92
Sop1um AMIDE, 20, 40, 87; 22, 94; 23, 20;
24, 83; 25, 25; 28, 8, 44
grinding, 20, 41, 88; 22, 95
handling, 20, 41, 88
residues, destruction of, 20, 90
Sodium anilide, 28, 50
Sodium _anthragquinone-a-sulfonnte, 29,
'L, 006
Sodium arsenite, 36, 61

Sodium azide, 24, 94
Sodium bhicarhonate, 20, 26; 23, 78
Sodium bisulfite, 20, 43; 28, 78, 79; 24,
2, 62; 217, 20; 28, 85
Sodium bromide, 24, 23
Sodium carbonate in preparation of an
acid chloride, 25, 87
Sodium chloroacetate, 27, 74
Sodium chlorate, 29, 66
Sodium cyanide, 20, 44; 22, 13, 23; 23,
33; 24, 9; 25, 66; 27, 21
Sodium cyclohexoxide, 25, 30
Sodium dichromate, 24, 1; 28, 63
Sodium ethoxide, 20, 7, 9, 33; 22, 26; 23,
35, 79; 24, 87; 25, 44; 26, 29; 28, 87;
29, 83
by “inverse” procedure, 28, 18
Sodium hydrosulfite dihydrate, 29, 9
Sodium hypochlorite, 22, 73
Sodium isopropoxide, 25, 29
SODIUM /-MENTHOXIDE, 23, 52
Sodium methoxide, 20, 14, 74
by “inverse” procedure, 28, 18
Sodium nitrite, 21, 31, 67; 22, 96; 23, 11;
24,22, 27, 56, 27, 81; 29, 54; see also
Diazotization
Sodium g-nitroperbenzoate, 28, 66
Sodium peroxide, 23, 65
Sodium powder, 20, 8; 23, 96; 25, 86
Sodium 2-pyridinediazotate, 26, 18
Sodium sulfate, anhydrous, 22, 57; 28,
12; 29, 1
Sodium sulfide, 25, 5; 28, 14
Sodium sulfite, 28, 78; 24, 23, 33
Sodium thiocyanate, 22, 17
Sodium zincate, 22, 28
SORBIC ACID, 24, 92
Spray trap, 23, 1
Stannic chloride, 25, 33
Stannous chloride, anhydrous, 23, 64
Stannous chloride dihydrate, 22, 32; 23,
63; 25, 55
Starch-iodide test paper, use in follow-
ing diazotizations, 24, 23
Steam distillation, 20, 2; 28, 11
STEAROLIC ACID, 27, 76
Stephen reduction, 23, 63
trans-STILBENE, 22, 50; 23, 86
STILBENE DIBROMIDE, 22, 50
Stirrer, air, 28, 96
brass, 21, 44
glycerol-sealed, 21, 40
Hershberg, 20, 8; 22, 23, 74; 23, 33
“Lightnin’ mixers, 21, 97
Monel-metal, 20, 99
stainless-steel, 23, 54
Tru-bore, 25, 67
Strecker synthesis, 23, 13, 23; 24, 9
STYRENE, m-CHLORO-, 28, 31
Styrenes, 28, 31, 33
Sublimation in vacuum desicentor, 28,
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Succinic anhydride, 20, 1
Sulfanilamide, 24, 47, 48, 49, 50
SULFIDE, bis—(jz-MTROPHENYL), 28, 82
Sulfonation of o-toluidine, 27, 88
SULFONE, 22, 31 4
Sulfur dioxide, 22, 92; 29, 59
Sulfuric acid, 22, 48, 49; 23, 11
as cyclizing agent, 26, 14, 73
fuming, 21, 274
Sulfuryl chloride, 22, 17; 29, 35
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-CLUCOPY-
RANOSYL BROMIDE, 22, I; 25, 53
1,2,3,4-TETRAACETYL-3-d-GLUCOSE, 22,
56
2,3,4,6-TETRAACETYL-3-d-GLUCOSE, 25,
53

Tetraacctylglucose-6-mononitrate, 22,
58 {
TETRABROMOSTEARIC ACID, 22, 76
a,a,0’,0/-TETRABROMO-H-XYLENE, 20, 92
Tetrachloroethane, 23, 57
precautions in use of, 23, 58; 25, 69
7~ TETRADECYL $-BROMOBENZENESUL-
FONATE, 20, 51
n-TETRADECYL $-TOLUENESULFONATE,
20, 51
Tetrahydrofuran, 29, 30
Tetrahydrofurfuryl alcohol, 23, 25, 88;
25, 84; 26, 83; 29, 89
TETRAHYDROFURFURYL BROMIDE, 23, 88
TETRAHYDROFURFURYL CHLORIDE, 25,
84
B-(TEIRAHRYDROFURYL)-PROPIONIC ACID,
’
TETRAHYDROPYRANE, 23, 67, 90
Tetrahydroquinoline, 26, 40
TETRAIODOPHTHALIC ANHYDRIDE, 27,
78
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, 28,
92, 93

TETRAPHENYLDIHYDROPHTHALIC ANHY-
DRIDE, 23, 93
TETRAPHENYLPHTHALIC ANHYDRIDE, 23,

B-(a-Thenoyl)-propionic acid, 27, 70

TH1AZOLE, 2,4-DIMETHYL, 25, 35

4-THIAZOLIDONE, 2-IMINO-, 27, 71

bis(2-Thienyl)methane, 29, 32

2-Thienylmethylhexamethylenetetram-

monium chloride, 29, 87

Thioacetamide, 25, 36

Thiocarbamic acid, 26, 35

m THIOCRESOL, 27, 81

Thionyl chloride, 20, 77; 21, 78; 23, 55;
24, 21; 25, 19, 58, 71, 84, 87; 26, 57

Thiophene, 28, 1; 29, 31

2-THIOPHENEALDEHYDE, 29, 32, 87

THIOPHENE, 2-CHLOROMETHYL-, 29, 31

THIOPHENE, 2,5-DIHYDRO-3-METHYL-,
1-DIOXIDE, 29, 59

Thiophenols, 24, 91

Thiourea, 21, 36; 22, 59; 27, 71

dl-THREONINE, 20, 101

Tin, 20, 19

ToLan, 22, 50

o-Tolidine, 21, 32, 34

0-TOLUALDERYDE, 26, 97

va;igous methods of preparation, 26,

o-Toluanilide, 26, 97

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

TOLUENE, @-CHLORO-2-HYDROXY-5-
NITRO-, 20, 59

p-Toluenesulfonamide, 29, 75

p-Toluenesulfonic acid, 24, 72; 26, 19;
28, 73 :

m-TOLUENESULFONIC ACID, 6-AMINO-,
27, 88

p-Toluenesulfonyl chloride, 20, 50

m-TOLUENETHIOL, 27, 81 ~

o-ToLuIC AcCID, 27, 84

p-ToLuic acmw, 27, 86

a-TOLUIC ACID, a-AMINO, dl, 22, 23

«-TOLUIC ACID, 0-CARBOXY, 22, 61; 29,
49

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

m-Toluidine, 21, 108; 27, 81

o-Toluidine, 23, 43; 26, 92; 27, 88

p-Toluidine, 22, 16

m-TOLUIDINE, N-BENZYL, 21, 108

p-Toluidine sulfate, 22, 17

0-TOLUIDINESULFONIC ACID, 27, 88

m-TOLYLBENZYLAMINE; 21, 108

o-Tolylbenzylamine, 21, 109

p-Tolylbenzylamine, 21, 109

m-Tolyl ethyl xanthate, 27, 82

o-Tolylmagnesium bromide, 26, 98

m-TOLYL MERCAPTAN, 27, 81

p-TOLYLTHIOUREA, 23, 17

Toxicity, 20, 97; 23, 58; 24, 89

Transesterification, 28, 19

polylactic acid and allyl alcohol, 26, 4
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Trap for absorbing gases, 28, 13, 55, 102
1,2,5-Triacetoxypentane, 29, 90
1,3,5-TRIACETYLBENZENE, 27, 91
1,2,4-TRIAZOLE, 3-AMINO-, 26, 11
1,3,4-TRIAZOLE, 1-AMINO-, 24, 12
TRIBIPHENYLCARBINOL, 23, 95, 97
sym.-Tribromoaniline, 24, 51, 52
3,4,5-Tribromobenzoy! chloride, 23, 66
3,4,5-TRIBROMOBENZOYL PEROXIDE, 23,
66
N-TRICARBOXYLIC ESTER, 24, 58, 60
1,2,4-Trichlorobenzene, 26, 92
2,4,6-TRIETHYLBENZALDEHVDE, 23, 60
1,3,5-Triethylbenzene, 23, 60
2,4,6-Triethylphenylacetonitrile, 26, 67
m-Trifluoromethylphenylcarbinol, 28,
30
1,2,5-TRIEYDROXYPENTANE, 29, 89
2,4,6-TRIISOPROPYLBENZALDEHYDE, 23,

60
1,3,5-Triisopropylbenzene, 23, 60
Trimerization, 27, 93
2,4,6-TRIMETHYLBENZALDEHYDE, 21,
110; 23, 57, 59
TRIMETHYLENE BROMIDE, 20, 25; 23, 16;
24, 46
Trimethylene chlorobromide, 26, 40
Trimethylene chlorohydrin, 29, 33
TRIMETHYLENE OXIDE, 29, 92
Trimethylthiourea, 21, 84
2,4,7-TRINITROFLUORENONE, 28, 91
TRIPEENYLBROMOMETHANE, 22, 57; 23,
102
TRIPHENYLCARBINOL, 23, 98, 100
TRIPEENYLCHLOROMETHANE, 22, 56; 23,

100, 102

TRIPHENYLMETHYL BROMIDE, 22, 57; 23,
102

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

Tritylation of glucose, 22, 56

TRITYL BROMIDE, 22, 57; 28, 102

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

6-TrITYL-8-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
-Undecylylphenol, 20, 58
rea, 38, 11, 25; 29, 19

UREA, 1-METHYL-1-(1-NAPHTHIYL)-2-
THI0-, 2T, 58

UREA, 1-PHENYL-2-THIO-, 38, 89

Urethan, 24, 60

Uric acid, 28, 6

Vacuum desiccator, “dumb-bell” type,
a8, 105

VALERALDEHYDE, 8-HYDROXY-, 27, 43

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

Valerylchlororesorcinol, 20, 58

o-Valerylphenol, 20, 58

$-Valerylphenol, 20, 58

dl-VALINE, 20, 106

Vanillic acid, 29, 86

Vanillin, 22, 90; 29, 85

y-Veratrylbutyric acid, 26, 29, 30

Vigreux column, 20, 22, 52

Vinyl acetate, 23, 9

VINYLACETIC ACID, 24, 96

VINVL CHLOROACETATE, 28, 94

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

Xylene, 23, 96
dry, 20, 8,9
purified for Rosenmund reduction, 21,
85
o0-Xylene, 27, 84; 28, 22
p-Xylene, 20, 92
0-XYLENE, 4-BROMO-, 28, 22, 46
3,4-XYLIDINE, 28, 46

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; 28,
60; 29, 89
fused, 29, 30
Zinc cyanide, 28, 57
Zinc dust, 21, 51, 68; 22, 28; 23, 86; 26,
80

activation of, 26, 7
purification of, 21, 52
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