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1. Procedure

A. Sodium hypochlorite solution. A solution of sodium hypochlo-
rite 2 is prepared immediately before it is to be used. A mixture of
50 g. (1.25 moles) of sodium hydroxide and 200 ml. of water is swirled
until the solid dissolves. The solution is cooled to 0°, and 100 g. of
crushed ice is added. The flask is then placed in an ice bath, and chlo-
rine gas from a tank is bubbled through the solution until 41 g. (0.58
mole) is absorbed. An excess of chlorine should be avoided. The solu-
tion of sodium hypochlorite is kept in the dark at 0° until needed.

B. Benzofurazan oxide. A mixture of 21 g. (0.32 mole) of potas-
sium hydroxide and 250 ml. of 959, ethanol in a 1-1. Erlenmeyer flask
is heated on a steam bath until the solid dissolves (Note 1). o-Nitro-
aniline (40 g., 0.29 mole) (Note 2) is dissolved in the warm alkali solu-
tion. The resulting deep red solution is then cooled to 0°, and the
sodium hypochlorite solution from part A is added slowly with good
stirring over the course of 10 minutes (Note 3). The flocculent yellow
precipitate is collected on a large Biichner funnel, washed with 200 ml.
of water, and air-dried. The crude product weighs 36.0-36.5 g. and
melts at 66-71° (Note 4). The product is purified by recrystallization
from a solution made up from 45 ml. of 957, ethanol and 15 ml. of
water. Material insoluble in the hot solvent is removed by filtration,
and the hot filtrate is allowed to cool to room temperature. The yield

of yellow benzofurazan oxide is 31.6-32.5 g. (80-829), m.p. 72-73°.
1
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2. Notes

1. A small residue of insoluble carbonate may be ignored.

2. Eastman Kodak white label material, melting at 71.5-73.5°, was
used.

3. The temperature of the mixture should be kept close to 0° to
avoid decomposition of the sodium hypochlorite and prevent forma-
tion of tarry materials that occurs at 10-12°. A Dry Ice-acetone bath
was found convenient by the checkers.

4. There may be some material that does not melt under 100°, which
is not present after recrystallization.

3. Methods of Preparation

Benzofurazan oxide is most conveniently prepared by the method
herein described, which is adapted from the procedure of Green and
Rowe! It has also been reported as an Organmic Syniheses prepara-
tion 4 by way of the pyrolysis of o-nitrophenylazide. ‘

Benzofurazan oxide has also been prepared by the oxidation of
o-nitroaniline with phenyl iodosoacetate. Other methods of prepara-
tion are given in reference 4. The hypochlorite oxidation method has
been used in the synthesis of various substituted benzofurazan oxides.*

1 California Institute of Technology, Pasadena, California.

2 A similar procedure is given in Org. Syntheses, Coll. Vol. 1, 309 (1941).

3 Green and Rowe, J. Chem. Soc., 101, 2452 (1912).

4 Smith and Boyer, Org. Syntheses, 31, 14 (1951).

5 Pausacker, J. Chem. Soc., 19563, 1989.
¢ Gaughran, Picard, and Kaufman, J. Am. Chem. Soc., 76, 2233 (1954).

BENZOYLACETANILIDE
(Acetanilide, a-benzoyl-)
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Submitted by C. F. H. AtLeN and W. J. HUMPHLETT.!
Checked by Max ‘Tisnier and R. CONNELL.
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1. Procedure

A mixture of 105.7 g. (0.55 mole) of ethyl benzoylacetate and 46.6 g.
(0.5 mole) of aniline (Note 1) is placed in the dropping funnel D (Fig. 1)
at the top of the continuous reactor
(Notes 2 and 3) after the column has
been heated to 135° (transformer set at
80 volts) (Notes 4 and 5). The re-
actants are then admitted to the column
during about 15 minutes (this corre-
sponds to a rate of amide formation of
396-400 g. per hour). Alcohol distils
(Note 5) noticeably from the column
during the addition and collects in flask
G. At the completion of the reaction,
100 ml. of xylene is passed through the
hot column to rinse out the residual
amide (Note 6). An additional 200 ml.
of xylene is added to the receiver C, and
solution is effected by warming. After
the solution has been cooled enough to
induce crystallization, 100 ml. of petro-
leum ether (b.p. 35-60°) is added with
manual stirring. The mixture is chilled
to 15° then the crystalline product is
separated by suction filtration and
washed with 300-400 ml. of petroleum
cther. The yield is 99-100 g. (83-849),
m.p. 106-106.5° (Note 7). The melting
point of this product is not altered by
recrystallization from benzene (Notes
8-10).

2. Notes

1. Commercial grades of ethyl ben-
zoylacetate and aniline were freshly re-
distilled before use.

2. The continuous reactor shown in
Iig. 1 is of gencral utility for reactions Fic. 1.
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that proceed at a rapid rate. Optimum conditions must be deter-
mined by experiment for each new product, but a high yield may
often be secured. To determine a yield, it is necessary to run a given
weight of the components through, rinse the column, and work up the
combined products.

3. The reactor is built from stock pieces of glassware having 29/42
and 24/40 standard taper joints. It consists of a column 100 cm. long,
of 2 cm. inside diameter, in two 50-cm. sections. The column is
packed with 14-in. glass helices such as are used for packing distilla-
tion columns. The column is heated by two 275-watt flexible heating
tapes 4, 6 ft. long and 4 in. wide, with lead wires connected to vari-
able transformers, such as the Powerstat or Variac, which are attached
to a source of 110-volt power. The heating elements may be covered
with asbestos tape if desired. At the bottom of the column is a 500-ml.
flask C for receiving the product. At the top of the column is a 250-ml.
addition funnel D (a cylindrical shape is convenient for calibration of
volume or for winding with heating tape in instances where melting a
solid or heating a solution is required). The addition funnel is con-
nected to the column through a section B having a side arm provided
with a thermometer E and a downward condenser F leading to a 500-
ml. flask G, which has an outlet to the atmosphere for effluent gas.

4. Tt is always desirable to use a “wet” column; once a column has
been used, this condition prevails. It is advantageous to admit a little
xylene while regulating the heater, before addition of the reactants.

5. With two 275-watt heating tapes, the required temperature inside
the column is secured at a voltage setting of about 80. If alcohol does
not distil noticeably during the reaction, the internal temperature is
not high enough and the transformer should be adjusted, or more
time should be allowed for preheating the column.

6. Part of the product solidifies in the receiver.

7. This compares with 74-769, yield by the batch process.”

8. Recrystallization from benzene produces a whiter product in 929,
recovery.

9. This procedure may be used to prepare other substituted ani-
lides. If one of the components is a solid, it can be dissolved in an
excess of the other. For instance, 46 g. of 2-amino-5-nitroanisole in
285 ml. of hot cthyl benzoylacetate is passed through in 30 minutes,
with a transformer setting of 70 volts; then the column is rinsed with
S0 ml. of the ester. The product crystallizes in the receiver and is
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separated by filtration; the filtrate is used to make up more of the re-
acting component mixture. The work-up yields 75-76 g. (899) of
amide with the correct melting point (178.5-180°) and color. When
the same amide is made by a batch procedure, the yield is only 819,
of a product melting at 130-150°. This illustrates the advantage of
short time of exposure to heat in the continuous reactor.

10. This reactor has also been used with other types of reactions.

Volt- Time, Mole Yield,

age hr. Ester %
Ethyl benzalmalonate (batch) 3 18 0.63 90.8
(cont.) 65 0.5 0.69 82
3-Carboxy-4-hydroxyquinoline * 90 0.66 35
4-Benzal-2-phenyl-5-oxazolone (batch) 64
(an azlactone) (cont.) 60 0.25 73

3. Methods of Preparation

This preparation and oleoyl chloride (p. 66) illustrate the use of the
general form of a laboratory-sized continuous reactor.® This device
has many advantages over the commonly used flasks (batch proce-
dure). In particular, the short time of exposure to heat results in a
better quality of product, as shown by less color, fewer side reactions,
and better melting point, often unchanged by recrystallization. Fur-
thermore, the unlimited capacity, very short reaction time, and use
of concentrated solutions permit a larger output with no increase in
size of apparatus and less delay required for removal of solvents.

The continuous reactor is most useful with reactions that take place
at a relatively rapid rate. Its wide versatility enables it to be used in
many types of reactions. Benzoylacetanilide was selected as an ex-
ample because it has previously appeared in Organic Syntheses.?

! Kastman Kodak Company, Rochester, New York.

2 Org. Syntheses, Coll. Vol. 3, 108 (1955).

3 Org. Syntheses, Coll. Vol. 3, 377 (1955).

1 Gould and Jacobs, J. Am. Chem. Soc., 61, 2893 (1939).

5 Org. Syntheses, Coll. Vol. 2, 490 (1943).
¢ Allen, Byers, Humphlett, and Reynolds, J. Chem. Educ., 32, 394 (1955).
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3-BENZOYLPYRIDINE
(Ketone, phenyl 3-pyridyl)
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Submitted by FraNk J. Virzant and Mary S. Kixe.!
Checked by Max TisaLER and MATTHEW A. KOZLOWSKI.

1. Procedure

In a 2-1. three-necked flask, fitted with a sealed mechanical stirrer
(Note 1), a reflux condenser protected with a calcium chloride tube,
and a dropping funnel, is placed 123 g. (1 mole) of nicotinic acid (Note
2). The stirrer is started, and 500 ml. (818 g., 6.9 moles) of distilled
thionyl chloride is added in a slow stream over a period of 15-20 min-
utes (Note 3). After the addition is complete, the mixture is heated on
the steam bath with continuous stirring for 1 hour; then the reflux con-
denser is replaced by one set for downward distillation, and the excess
thionyl chloride is removed by distillation at reduced pressure as heat-
ing on the steam bath is continued (Notes 1 and 3). After most of th.e
thionyl chloride has been distilled, 200 ml. of anhydrous benzene is
added, and the benzene is distilled at reduced pressure. An additional

. 500 ml. of anhydrous benzene is added, then the flask is fitted with a
thermometer and a reflux condenser and is placed in an ice-salt bath.
The stirrer is started, and 330 g. (2.5 moles) of anhydrous aluminum
chloride is added in portions over a period of 1 hour as the internal
temperature is held between 5° and 10°. The ice bath is removed, and
the flask is permitted to warm to room temperature and is finally
heated under reflux for 6 hours.

The dark red-brown reaction mixture is cautiously poured onto a
mixture of 2 kg. of ice and 200 ml. of concentrated hydrochloric acid.
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The organic layer is separated and discarded. The acid solution is
extracted with three 500-ml. portions of ether (Note 4), which are dis-
carded; then it is treated with 509, aqueous sodium hydroxide until
the aluminum hydroxide which first forms redissolves (Note 5). After
cooling, the organic material is extracted with five 300-ml. portions of
chloroform. The combined chloroform extracts are washed with water,
the solvent is removed by distillation on the steam bath, and the pro-
duct is distilled. The yield of 3-benzoylpyridine (Note 6), b.p. 107—
110°/0.3 mm. or 141-145°/4 mm., is 165-175 g. (90-969,), % 1.6088.

2. Notes

1. It is convenient to use a sealed stirrer, such as the “Tru-Bore”
stirrer, which may be left in the flask during the distillation of thionyl
chloride and benzene at reduced pressure; however, the stirrer cannot
be left running during this distillation, for it is stopped by the cake of
acid chloride hydrochloride. The distillations are accomplished most
conveniently if the dropping funnel is removed and replaced by a capil-
lary, and the stirrer is left in place but not running during the distil-
lations.

2. Satisfactory results were obtained with nicotinic acid from either
Eastman Organic Chemicals or Matheson, Coleman and Bell.

3. The submitters used thionyl chloride from Hooker Electrochem-
ical Company. It was distilled and collected over a 1° range (78-79°).
The first few drops of thionyl chloride are added cautiously as the ini-
tial reaction may be quite vigorous. Recovered thionyl chloride may
be used for subsequent runs.

4. The ether extractions remove any diphenyl sulfoxide that is
formed.

5. About 800-1000 ml. of 509, sodium hydroxide is required.

6. 4-Benzoylpyridine can be obtained by this procedure from iso-

nicotinic acid in yields of 87-909,. This product is recrystallized from
hexane, m.p. 72-73°.

3. Methods of Preparation

The described method of preparing 3-benzoylpyridine is a modifica-
tion of that of Wolffenstein and Hartwich.? Other methods of prepar-
ing this compound are by the addition of phenylmagnesium bromide to
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3-cyanopyridine,? the addition of 3-pyridyllithium to benzonitrile,* the
chromic acid oxidation of phenyl-3-pyridylcarbinol, and the decar-
boxylation of 8-benzoylpicolinic acid obtained from quinolinic acid an-
hydride and benzene.¢

! Schering Corporation, Bloomfield, New Jersey.

2 Wolffenstein and Hartwich, Ber., 48, 2043 (1915).

3 LaForge, J. Am. Chem. Soc., 50, 2486 (1928).

4 French and Sears, J. Am. Chem. Soc., 73, 469 (1951).

5 Kleipool and Wibaut, Rec. trav. chim., 69, 1041 (1950).
¢ Bernthsen and Mettegang, Ber., 20, 1209 (1887).

2-CHLORO-2-METHYLCYCLOHEXANONE
(Cyclohexanone, 2-chloro-2-methyl-)
and
2-METHYL-2-CYCLOHEXENONE
(2-Cyclohexenone, 2-methyl-)
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Submitted by E. W. WarNHOFF, D. G. MARTIN, and WILLIAM S. JOHNSON.!
Checked by M. S. NewwmaN, G. R. KanLE, and D. E. RED.

1. Procedure

A. 2-Chloro-2-methylcyclohexanone. A 3-1. three-necked flask, fitted
with a sealed mechanical stirrer with glass blade, a dropping funnel,
and an outlet tube connected to a gas-absorption trap,? is charged with
a solution of 224 g. (2.0 moles) of 2-methylcyclohexanone (Note 1) in
1 1. of dry carbon tetrachloride. A solution of 179 ml. (297 g., 2.2
moles) of sulfuryl chloride (Note 2) in 300 ml of dry carbon tetra-
chloride is added from the dropping funnel over a 1-hour period with
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stirring. The slightly exothermic reaction is moderated by cooling the
flask with a bath of water at room temperature. After the addition
is complete, stirring is continued for 2 hours. The yellow solution is
then washed successively with three 300-ml. portions of water, two
200-ml. portions of saturated sodium bicarbonate solution, and one
200-ml. portion of saturated salt solution, and finally dried over an-
hydrous magnesium sulfate.

The solvent is removed by distillation through a 15-cm. Vigreux
column, first at atmospheric pressure and finally at reduced pressure
(water aspirator). The residue is satisfactory for the preparation
of 2-methyl-2-cyclohexenone described below (part B). Distillation
through the column gives, after a small fore-run, 243-248 g. (83-
8590) of colorless 2-chloro-2-methylcyclohexanone, b.p. 94-96°/27
mm., ny 1.4672, d3° 1.088 (Note 3).

B. 2-Methyl-2-cyclohexenone. (a) Collidine method. The crude (un-
distilled) 2-chloro-2-methylcyclohexanone prepared as described above
(part A) is transferred to a 1-l. three-necked flask fitted with a stout
scaled Hershberg wire stirrer and two efficient reflux condensers, one
attached to each side neck; and 290 ml. (266 g., 2.2 moles) of 2,4,6-col-
lidine (Note 2) is added rapidly through one of the condensers with
stirring. The flask is heated to 145-150° (bath temperature) with an
oil bath until there ensues a sudden exothermic reaction which results
in vigorous boiling of residual carbon tetrachloride. The reaction is
essentially complete within 1 minute, and the mixture becomes very
viscous with suspended collidine hydrochloride. The heating is dis-
continued, and, as the reaction mixture cools and becomes viscous
enough to impede stirring, a total of 500 ml. of benzene is added cau-
tiously (with vigorous boiling) through a condenser in order to main-
tain fluidity. The collidine hydrochloride is collected by suction filtra-
tion on a 10-cm. sintered glass suction filter, then transferred to a
heaker, triturated with 300 ml. of benzene, and refiltered. After re-
petition of this treatment, the weight of residual salt is about 303 g.
(969).

The combined dark-brown filtrates are washed (Note 4) with two
300-ml. portions of 109, hydrochloric acid saturated with sodium chlor-
idle, with one 300-ml. portion of saturated sodium bicarbonate solution,
and with onc 300-ml. portion of saturated salt solution, and finally
dried over anhydrous magnesium sulfate. The benzene is removed by
distillation through a 15-em. Vigreux column, and then all material
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boiling at 70-97°/56 mm. is collected (Note 5). Fractionation of this
material through a 20-cm. heated column packed with steel saddles
gives, after a fore-run of benzene, 100-109 g. (45-499, yield from 2-
methylcyclohexanone) of colorless 2-methyl-2-cyclohexenone, b.p. 98-
101°/77 mm., n3y 1.4830-1.4835, d3° 0.972, Nonsx 234 mp (e 9660) (Note
6).

(0) Lithiwm chloride method. A 1-1. three-necked flask, fitted with a
sealed Hershberg wire stirrer, a thermometer, and a tube leading to a
source of nitrogen, is charged with 26 g. of lithium chloride, 250 ml. of
dimethylformamide (Note 7) and crude 2-chloro-2-methylcyclohexa-
none prepared as described above (part A, half-scale) from 112 g. of
2-methylcyclohexanone. The stirrer is started, the air swept out with
nitrogen, and the flask immersed in an oil bath maintained at 100°.
The temperature of the reaction mixture rises to 100° in about 10 min-
utes, then to 112° and back to 105° in another 25 minutes. At the end
of this time the mixture is cooled, 1-1. each of ether and of 2.5%, sul-
furic acid is added, and the mixture is stirred for about 4 hours to hy-
drolyze the dimethylformamide. The aqueous layer is separated, sat-
urated with sodium chioride, and extracted with four 150-ml. portions
of ether. These extracts are combined with the original ether layer,
washed with saturated sodium chloride solution and saturated sodium
bicarbonate solution, and finally dried over anhydrous sodium sulfate.
The ether is removed by distillation through a 15-cm. Vigreux column,
and then a fraction boiling at 79-107°/28 mm. is collected. Redistil-
lation through a 20-cm. heated column packed with steel saddles gives
47-50 g. (42-459, yield from 2-methylcyclohexanone) of colorless 2-
methyl-2-cyclohexenone, b.p. 83-85.5°/35 mm., n3y 1.4833-1.4840, N
234 mu (e 9680) (Note 6).

2. Notes

1. 2-Methylcyclohexanone is available commercially from Aldrich
Chemical Company, Milwaukee 12, Wisconsin; Columbia Organic
Chemicals, Columbia, South Carolina; or the British Drug Houses
Ltd., Poole, England. In the present work it was prepared as follows.
A 3-1. three-necked flask, fitted with a Hershberg wire stirrer, dropping
funnel, and a thermometer, is charged with a solution of 228 g. (2.0
moles) of 2-methylcyclohexanol (Kastman Kodak Company practical
grade) in 1 1. of benzene. A solution of 248 g. of sodium dichromate
dihydrate in 11 of water containing 3240 ml. of concentrated salfuric
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acid and 100 ml. of acetic acid is added from the funnel over a period
of 2.5 hours with stirring. The temperature of the reaction mixture is
maintained (ice bath) at 10° or slightly below during the addition and
also during a 3-hour stirring period after the addition. The aqueous
layer is separated, diluted with 250 ml. of water, and extracted with
two 300-ml. portions of benzene. These extracts are combined with
the original benzene layer, and the whole is washed in sequence with
500 ml. of water, 400 ml. of saturated sodium bicarbonate solution, and
400 ml. of saturated salt solution. After the solution has been dried
over anhydrous magnesium sulfate, the benzene is removed by distil-
lation through a 20-cm. Vigreux column. Distillation of the residue
through a 20-cm. column packed with steel saddles gives 193-200 g.
(85-889, yield) of 2-methylcyclohexanone, b.p. 162.5-163.5°/742
mm., 7 1.4459.

2. Eastman Kodak Company practical grade.

3. The homogeneity of this product has been demonstrated.? It is
stable for long periods if stored in a brown bottle over a little mag-
nesium oxide.

4. Excessive washing with aqueous solution is avoided as the pro-
duct has appreciable solubility in water.

5. The dark oily distillation residue (about 72 g.) distils at 140-200°/
1 mm. and consists mainly of the dimer of 2-methylenecyclohexanone
which can be isolated in 239 yield.?

6. On standing, the ketone gradually turns yellow, and the refractive
index increases. Redistillation of such material gives pure ketone.

7. Supplied by Matheson, Coleman and Bell.

3. Methods of Preparation

The only published method for producing pure 2-chloro-2-methyl-
cyclohexanone is by the action of sulfuryl chloride on 2-methylcyclo-
hexanone? Direct chlorination gives mixtures of the 2- and 6-chloro
compounds.?

2-Methyl-2-cyclohexenone has been prepared (a) by the action of ni-
trosyl chloride on 1-methylcyclohexene, followed by dehydrohalogena-
tion with sodium methoxide * or sodium acetate,’ and hydrolysis of the
resulting oxime; (b) in an impure condition by several methods; &2
(¢) by dehydration of the ketol produced by the reaction of methylmag-
nesium iodide with 1,2-cyclohexanedione; 763 (d) by bromination of
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2-methylcyclohexanone with N-bromosuccinimide, followed by dehy-
drobromination with pyridine or with 2 4-dinitrophenylhydrazine;  (¢)
and by the present method.? The use of lithium chloride in dimethyl-
formamide for the dehydrohalogenation is an adaptation of the method
of Holysz.1®

1 Department of Chemistry, University of Wisconsin, Madison, Wisconsin.

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

3 Warnhoff and Johnson, J. Am. Chem. Soc., 75, 494 (1953).

4 Wallach, Ber., 35, 2822 (1902); Ann., 359, 303 (1908).

§ Haworth, J. Chem. Soc., 103, 1242 (1913).

8 Godchot and Bedos, Compt. rend., 181, 919 (1925).

7 (a) Urion, Compt. rend., 199, 363 (1934); (b) Butz, Davis, and Gaddis, J. Org. Chem.,
12, 122 (1947).

8 Mousseron, Jacquier, and Winternitz, Compi. rend., 224, 1230 (1947).

9 Mousseron, Winternitz, and Jacquier, Compt. rend., 224, 1062 (1947).

1 Dupont, Bull. soc. chim. Belg., 45, 57 (1936).

1 Whitmore and Pedlow, J. Am. Chem. Soc., 63, 758 (1941).

2 Birch, J. Chem. Soc., 1946, 593.

13 Godchot and Gauquil, Bull. soc. chim., [5]2, 1100 (1935).

14 Rinne, Deutsch, Bowman, and Joffe, J. Am. Chem. Soc., 72, 5759 (1950).

5 Holysz, J. Am. Chem. Soc., 75, 4432 (1953).

2-CHLORONICOTINONITRILE

(Nicotinonitrile, 2-chloro-)

A NCONH . A NCN
2 4+ opcl, 2O, @Cl + 2POCl; + 3HCI
~

o

Submitted by E. C. TayLor, Jr.,! and ALpo J. CROVETTL?
Checked by CrARLES C. PrRICE and WALTER A. SCHROEDER.

1. Procedure

Caution! This preparation should be conducted in a good hood.

In a 1-1. round-bottomed flask are placed 85.0 g. (0.62 mole) of nico-
tinamide-1-oxide * and 180.0 g. (0.86 mole) of phosphorus pentachlor-
ide (Note 1), and the solids are thoroughly mixed. Two hundred and
forty-three milliliters of phosphorus oxychloride is added slowly with
shaking. A spiral condenser provided with a drying tube is attached
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to the flask which is then placed in an oil bath preheated to 60-70°.
The temperature is slowly (20-25 minutes) raised to 100°, during which
time the reaction mixture is occasionally shaken. In the range 100—
105° the evolution of hydrogen chloride gas increases, and a sponta-
neous, vigorous refluxing of the phosphorus oxychloride begins. The
reaction flask is removed from the oil bath, and the rate of refluxing is
controlled by the application of an ice-water bath (Note 2). After the
vigorous reaction has subsided (about 5 minutes) the oil bath is re-
placed, and heating under reflux is continued at 115-120° for 1.5
hours.

After the reaction mixture has been cooled, the excess phosphorus
oxychloride is distilled under reduced pressure (80-100 mm.) (0.5-1.0
hour). Near the end of the distillation the product begins to sublime
into the still head. The residual dark-brown oil is poured with stirring
into an 800-ml. beaker containing 280-300 g. of crushed ice (Notes 3
and 4). The volume of the ice-water mixture is brought to 600 ml.
and allowed to stand at 5° overnight. The crude light-brown product
is filtered by suction and washed with water.

The solid is suspended in 300 ml. of 59, sodium hydroxide at 15°
(Note 5). The mixture is stirred for 30 minutes, and the solid is filtered
by suction and washed with water until the filtrates are no longer al-
kaline. The procedure is repeated, but stirring is continued for 0.75-
1.0 hour. After the solid has been filtered by suction, washed, and
pressed as dry as possible, it is dried under reduced pressure over
phosphorus pentoxide for 12-16 hours.

The solid is transferred to a Soxhlet thimble (45 X 125 cm.) con-
taining a 5-cm. layer of anhydrous sodium carbonate on the bottom
(Note 6), and the solid is extracted for 2 to 3 hours with anhydrous
cther (700-800 ml.). The total volume of ether is brought to 800-900
ml. The ethereal solution is treated with charcoal and boiled for 10-
15 minutes under reflux; then the solution is filtered by suction (Note
7). After evaporation of solvent, 30-33 g. (35-387%,) of white 2-chloro-
nicotinonitrile is obtained, m.p. 105-106° (Note 8).

2; Notes

1. To avoid exposure to irritating fumes, the phosphorus pentachloride
and oxychloride are handled in the hood. The heating under reflux is
also carried oul in the hood.
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2. The reaction becomes very exothermic and if uncontrolled there
is serious flooding of the condenser. The reaction mixture also becomes
dark red to black when the reaction temperature is not controlled.

3. Itisdifficult to transfer all the oil before solidification starts in the
flask. The residual solid is removed by melting on the steam bath and
pouring on ice. By repeating this procedure several times, almost all
the product can be removed from the flask. Any remaining solid is re-
moved by adding cold water to the flask, breaking the solid with a spat-
ula, and swirling the mixture out of the flask.

4. It is important to stir as rapidly as possible to break the product
into small pieces. The beaker should be secured by a large clamp. If
the stirring is too slow or the oil is poured too fast, large clumps result
which do not solidify completely.

5. Most of the acidic impurities are removed in this step.

6. The sodium carbonate retains any residual moisture and acidic
impurities. After the extraction, a brown, gummy, hygroscopic mass
remains in the thimble.

7. The checkers found a sintered-glass filter funnel suitable.

8. This product may be recrystallized from ligroin-acetone with 80~
85% recovery. Analysis of the product after such recrystallization
gave the following analytical results: Calcd. for CgH3CIN,: C, 51.98;
H, 2.16; Cl, 25.63; N, 20.21. Found: C, 52.41; H, 2.39; CI, 25.43; N,
19.60.

3. Methods of Preparation

The preparation reported here is a modification of that reported by
Taylor and Crovetti.* 2-Chloronicotinonitrile has also been prepared
by the dehydration of 2-chloronicotinamide ® and by the Sandmeyer re-
action on 3-amino-2-chloropyridine.

! Frick Chemical Laboratory, Princeton University, Princeton, New Jersey.
2 Noyes Chemical Laboratory, University of Illinois, Urbana, Illinois.

3 Org. Syntheses, 37, 63 (1957).

4 Taylor and Crovetti, J. Org. Chem., 19, 1633 (1954).

& Spith and Koller, Ber., 56, 880 (1923).

8 von Schickh, Binz, and Schulz, Ber., 69, 2593 (1936).
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DIAMINOURACIL HYDROCHLORIDE
(Uracil, 5,6-diamino-, hydrochloride)

NH, CN
al 5 NH
b0t tn, NaOCaH: H?\IQ ? + CH;0H
| I PN
NH,  CO;CsHs OH

N
NH
HCK | 2 HONO HO( WNH2+H2O
New N\/NO

OH

HO( NH2 (1) NasS:04 HO( \NH2

" @ HO Ny )NH2
OH OH

Submitted by Wu. R. SHERMAN and E. C. TAVLOR, ]r
Checked by T. L. CairNs and D. S. ACKER.

HC1

1. Procedure

Into a 3-1., three-necked flask (Note 1) equipped with a reflux con-
denser and an efficient stirrer is placed 1 1. of absolute (99.8%) ethanol.
"I'o this is added 39.4 g. (1.72 g. atom) of sodium metal, and, after solu-
tion is complete (Note 2), 91.5 ml. (97.2 g., 0.86 mole) of ethyl cyano-
acetate (Note 3) and 51.5 g. (0.86 mole) of urea are added. The mix-
ture is heated under reflux on a steam bath with vigorous stirring for
1 hours. After about 2 hours, the reaction mixture becomes practically
solid, and the stirrer may have to be stopped. At the end of the reac-
tion time, 1 1. of hot (80°) water is added to the reaction mixture, and
stirring is resumed. After complete solution has taken place, the stirred
mixture is heated at 80° for 15 minutes and is then neutralized to litmus
with glacial acetic acid (Note 4). Additional glacial acetic acid (75 ml.)
is then added, followed by cautious addition of a solution of 64.8 g.
(0.94 mole) of sodium nitrite dissolved in 70 ml. of water. The rose-
red nitroso compound separates almost immediately as an expanded
precipitate which almost stops the stirrer.  After a few minutes the ni-
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troso compound is removed by filtration and washed twice with a small
amount of ice water. The moist material is then transferred back to
the 3-1. flask, and 430 ml. of warm water (50°) is added.

Caution! This procedure should be conducted in a good hood. The
slurry is stirred while being heated on a steam bath, and solid sodium
hydrosulfite is added until the red color of the nitroso compound is
completely bleached (Note 5). Then an additional 30 g. of sodium hy-
drosulfite is added; the light tan suspension is stirred with heating for
15 minutes more and is then allowed to cool. The dense diaminouracil
bisulfite is filtered from the cooled solution, washed well with water,
and partially dried.

The crude product is readily purified by conversion to its hydrochlor-
ide salt. The bisulfite salt is transferred to a wide-mouthed 1-1. flask,
and concentrated hydrochloric acid is added until the consistency of
the resulting mixture is such as to permit mechanical stirring (100 to
200 ml. of acid). The slurry is heated on a steam bath with stirring
for 1 hour (Hood!). The tan diaminouracil hydrochloride is filtered on
a sintered glass funnel, washed well with acetone, and vacuum-dried
over phosphorus pentoxide. The yield of diaminouracil hydrochloride
is 104-124 g. (68-819,) (Notes 6 and 7).

2. Notes

1. Since the reaction mixture becomes almost solid after nitrosation,
one of the necks of the flask should be of large diameter to facilitate
removal of the product.

2. The usual precautions must be observed with respect to the hy-
drogen evolved. The reflux condenser is capped with a drying tube
after hydrogen evolution ceases. The sodium ethoxide must be used
immediately after its preparation, for it discolors rapidly and in this
state leads to an impure product.

3. Eastman Kodak white label, Dow Chemical, and Kay-Fries ethyl
cyanoacetate were all used with equal success.

4. Caution must be exercised in the addition of the glacial acetic
acid in order to avoid frothing of the hot solution. The frothing be-
comes most vigorous as the 6-aminouracil begins to precipitate from
the solution. The heating and subsequent neutralization assure cycli-
zation of the initially formed cyanoacetylurea to 6-aminouracil. The
nitrosation is carried out on the two-phase (solid-liquid) system.
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5. The amount of sodium hydrosulfite used depends on its age and
quality. The submitters never had to use more than 250 g. per run.

6. The preparation may be interrupted after the nitroso compound
has been separated or after the crude bisulfite salt has been isolated.
This preparation has been satisfactorily carried out on a scale seven
times that given.

7. If placed in a preheated melting-point block, the product melts
with decomposition in the range 300-305°. Diaminouracil hydrochlor-
ide in 0.1 N hydrochloric acid has a well-defined absorption peak at
260 mu, log e = 4.24. Satisfactory analyses for nitrogen and chlorine
are difficult to obtain with this type of compound although good results
are obtained for carbon and hydrogen.

3. Methods of Preparation

The procedure for the formation of diaminouracil bisulfite is slightly
modified from that of Cain, Mallette, and Taylor,> which in turn is
derived from preparations of Bogert and Davidson,* and Traube.* The
sulfate salt may be formed in lower yield than the hydrochloride de-
scribed here by dissolving the bisulfite salt in aqueous base and precipi-
tating with sulfuric acid.** The hydrochloride is appreciably soluble
in water, while the sulfate salt is only slightly soluble.

Other methods of reducing the nitroso compound include the use of
ammonium sulfide ¢ and hydrogenation utilizing Adams catalyst.®

Bredereck, Hennig, and Pfleiderer ¢ describe a method for the forma-
tion of diaminouracil from uric acid which involves acetylation and sub-
sequent hydrolysis of the acetyl derivative. This preparation was at-
tempted on a large scale by the submitters without success (even when
the acetylation step was carried out twice on the same material).

t University of Illinois, Urbana, Illinois.

2 Cain, Mallette, and Taylor, J. Am. Chem. Soc., 68, 1996 (1946).

 Bogert and Davidson, J. Am. Ckem. Soc., 55, 1668 (1933).

1 Traube, Ber., 33, 1371 (1900).

5 E. C. Taylor, Jr., unpublished results.
6 Bredereck, Hennig, and Pfleiderer, Ber., 86, 321 (1953).
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1-DIETHYLAMINO-3-BUTANONE
(2-Butanone, 4-diethylamino-)

+ -
+ -—
CH;COCH,CH,NH(C,Hj5)2Cl + HyO

+ —
CH3;COCH;CH,NH(C,Hj;),Cl + KOH —
CH;COCH,CH,N(C.Hj)s + Ho0 4+ KClI

Submitted by ALFrRED L. WiLps, RoBERT M. Nowax, and KirTLAND E. MCCALEB.!
Checked by WiLLiaM S. JoENSON and DUANE ZINKEL.

1. Procedure

In a 3-1. round-bottomed flask equipped with a reflux condenser
(Note 1) are placed 176 g. (1.60 moles) of diethylamine hydrochloride
(Note 2), 68 g. (2.26 moles) of paraformaldehyde, 600 ml. (8.1 moles)

of acetone, 80 ml. of methanol, and 0.2 ml. of concentrated hydrochloric
" acid. The mixture is heated for 12 hours at a moderate to vigorous rate
of reflux (Note 3). The light-yellow solution, in which a small amount
of gelatinous solid remains, is cooled, and a cold solution of 65 g. of
sodium hydroxide in 300 ml. of water is added. The mixture is ex-
tracted with three 200-ml. portions of ether, the combined extracts are
washed with two 150-ml. portions of saturated sodium chloride so-
lution, and the washes are re-extracted with two 150-ml. portions of
ether.

The combined ether solutions are dried overnight with about 80 g. of
anhydrous sodium sulfate, filtered, and then distilled under reduced
pressure (5 to 12 mm.) (Note 4) through a 20-cm. asbestos-wrapped Vi-
greux distilling column, with an efficient water-cooled condenser (Note
5). After the solvent and a small fore-run have been distilled, 150~
171 g. (66-75%,) of 1-diethylamino-3-butanone is collected as a light-
yellow to nearly colorless liquid, b.p. 63-67°/7mm. (75-77°/15mm.),
ny 1.4300-1.4310. The product may contain a small amount of 1,1-
bis(diethylaminomethyl)acetone (the bis-Mannich base), which can in-
terfere with some uses of this product. Refractionation gives relatively
pure material, 142-161 g. (62-70%), b.p. 72-75°/10mm., ney 1.4301-
1.4307, d2" 0.8626, M, (found) 43.2 43.3, Mp (calcd.) 43.1 (Note 6).
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2. Notes

1. Ground-glass joints are desirable.

2. A good grade of commercial diethylamine hydrochloride (East-
man Kodak white label or Matheson, Coleman and Bell) is satisfac-
tory without purification.

3. At first some bumping may occur if the heating is too vigorous;
mechanical stirring may reduce this, but does not improve the yield.
The submitters found an electrically heated oil bath or a steam bath to
be satisfactory, but not a heating manile.

4. TIf the temperature of distillation is too high, or if a heating man-
tle is used, decomposition to methyl vinyl ketone may occur. The sub-
mitters used an electrically heated oil bath and prefer pressures below
12 mm. to minimize decomposition. A more elaborate fractionating
column necessitating a higher bath temperature or prolonged heating
is also undesirable. If the material stands more than one or two days
before distillation it may decompose.

5. Unless the condenser is efficient, some product will be lost; a Dry-
Ice-cooled trap located between the receiver and the pump is recom-
mended.

6. This product gave satisfactory analytical values: Calcd. for
CsH;;NO: C, 67.1; H, 12.0. Found: C, 67.2; H, 11.9. The neutral
equivalent of various samples, titrated potentiometrically with stand-
ard hydrochloric acid solutions, ranged between 144 and 145 (calcd.
143.2).

3. Methods of Preparaﬁon

1-Diethylamino-3-butanone has been prepared by the Mannich re-

action.?® The present procedure is a modification of that described by
Wilds and Shunk.’

1 Department of Chemistry, University of Wisconsin, Madison, Wisconsin.
2 Mannich, Arch. Pharm., 255, 261 (1917).
3 du Feu, McQuillin, and Robinson, J. Ckem. Soc., 1937, 53.

¢ Tuda, Hukusima, and Oguri, J. Pharm. Soc. Japan, 61, 69 (1941) [C. 4., 36, 3154
(1942)].

¢ Wilds and Shunk, J. Am. Chem. Soc., 65, 469 (1943).
6 Spaeth, Geissman, and Jacobs, J. Org. Ckem., 11, 399 (1946).
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DIETHYL BENZOYLMALONATE
(Malonic acid, benzoyl-, diethyl ester)

COzcsz CO2C2H5
CO.CsH; CO2CoHjp

B. C6H5C02H + N(CzH5)3 + CIC02C2I‘I5 -
CeH;CO,CO,CoHs + N(CyHj)5-HCI

C. CgH5C0,CO5CoHg + CoHs0MgCH(CO,CoHp)e —
CeH;COCH(CO,CoHs)s + COs + Mgt2 + 20C,Hy™

Submitted by JouN A. Price and D. S. TARBELL.!
Checked by T. L. Camrns and C. L. DICKINSON.

1. Procedure

A. Ethoxymagnesiummalonic ester (Note I). In a 250-ml. three-
necked flask equipped with a dropping funnel and an efficient reflux
condenser fitted with a calcium chloride drying tube are placed 5.0 g.
(0.2 g. atom) of magnesium turnings (Grignard), 5 ml. of absolute alco-
hol (Note 2), 0.2 ml. of carbon tetrachloride, and 6 ml. of a mixture of
32.0 g. (30.2 ml., 0.2 mole) of diethyl malonate (Note 3) and 16 ml. of
absolute alcohol. The reaction will proceed in a few minutes and may
require occasional cooling before the addition of the remainder of the
diethyl malonate solution. The addition should be controlled so that
the reaction goes at a fairly vigorous rate. When the reaction mixture
has cooled to room temperature, 60 ml. of ether dried over sodium wire
is cautiously (Note 4) added. When the reaction again appears to sub-
side, gentle heating by means of a steam bath is begun and continued
until nearly all the magnesium has disappeared (Note 5). The alcohol
and ether are removed by distillation, first at atmospheric pressure and
then at reduced pressure secured with a water pump. To the partially
crystalline product is added 60 ml. of dry benzene, and the solvent is
again removed by distillation at atmospheric and then reduced pres-
sure (Note 6). The residue is dissolved in 60 ml. of dry ether to await
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the completion of the mixed carbonic-carboxylic anhydride prepara-
tion.

B. Mixed benzoic-carbonic anhydride (Note 7). In a 500-ml. three-
necked flask, equipped with a low-temperature thermometer, an effi-
cient sealed stirrer, and an adaptive joint carrying a drying tube and a
dropping funnel, is placed a solution of 24.4 g. (0.2 mole) of benzoic
acid (Note 8) and 20.2 g. (0.2 mole) of triethylamine (Note 9) in 200
ml. of dry toluene. The solution is cooled below 0° by means of an ice-
salt mixture, and 21.7 g. (0.2 mole) of ethyl chlorocarbonate (Note 10)
is added at such a rate that the temperature does not rise above 0° (ap-
proximate time for addition is 25-30 minutes). Triethylamine hydro-
chloride precipitates both during the addition and while the mixture is
stirred for 15-25 minutes thereafter.

C. Diethyl benzoylmalonate. The dropping funnel used for the chloro-
carbonate addition is replaced by another into which the ethereal so-
lution of the ethoxymagnesium compound has been transferred. Ap-
proximately 30 ml. of dry ether is used to rinse the flask, and this is
also added to the dropping funnel. The ether solution is added to the
mixed anhydride with stirring, as the temperature is held at —5° to 0°.
After the mixture has been allowed to stand overnight and to come to
room temperature during this time, it is treated cautiously with 400 ml.
of 59, sulfuric acid; then the aqueous solution is separated and ex-
tracted once with ether. The two organic layers are combined, washed
once with dilute sulfuric acid and then with a concentrated sodium bi-
carbonate solution until no further benzoic acid is obtained from acidi-
fication of the bicarbonate extracts (Note 11). The organic layer is
washed with water and dried over anhydrous sodium sulfate. After
removal of the sodium sulfate by filtration, the solvent is removed at
water-pump pressure from a water bath held at about 50°. The re-
sulting product is purified by distillation through a 30-cm. Vigreux col-
umn, and the fraction boiling at 144-149°/0.8 mm. is collected (Note
12). The yield is 35.8-39.4 g. (68-75%), npy 1.5063—1.5066.

2. Notes

1. The described procedure is essentially the same as that reported
by Lund.? A similar preparation has been described by Reynolds
and Hauser.?

2. A commercial grade is satisfactory for this preparation.
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3. Commercial malonic ester was redistilled at reduced pressure to
give material with 3 1.4047.

4. The ether dissolves the crystalline cake which has formed on cool-
ing. This releases unreacted material and vigorous reaction again sets
in.

5. From 6 to 8 hours is required for this operation.

6. The benzene removes any residual alcohol which may interfere
with the subsequent acylation.

7. The mixed carbonic anhydride procedure > has been useful in the
preparation of amide linkages and thiol esters. Mixed carbonic anhy-
drides have successfully acylated, under very mild conditions, the carb-
anions derived from diethyl ethylmalonate and diethylcadmium.® The
latter gives as a product the corresponding ketone. Mixed anhydrides
derived from acetic and acetylsalicylic acids give results similar to
those described here.?

8. A good reagent grade of benzoic acid is satisfactory.

9. Redistillation of a commercial grade gave material boiling at 87.0-
87.2°.

10. Redistillation of a commercial grade gave material boiling at
90.8-92.0°.

11. If the benzoic acid is not all removed at this stage, it is trouble-
some during the final distillation.

12. The fore-run, if giving a positive test with ferric chloride reagent,
may be redistilled to give increased yields.

3. Methods of Preparation

Diethyl benzoylmalonate has been prepared by treatment of the cop-
per derivative of ethyl benzoylacetate with ethyl chlorocarbonate.® It
has also been obtained by the action of benzoyl chloride on a mixture of
malonic ester and sodium ethoxide 1% or sodium.!** This compound
has been found to be obtainable in higher yields by reaction of benzoyl
chloride and the ethoxymagnesium derivative.* The present method
has been described in a previous communication and is of interest as an
illustration of the use of mixed carbonic anhydrides as acylating agents.®

! Department of Chemistry, University of Rochester, Rochester, New York.

3 Org. Syntheses, Coll. Vol. 2, 594 (1943).

3 (rg. Syntheses, 30, 70 (1950).
4 Riegel and Lilienfeld, J. Am. Chem. Soc., 67, 1273 (1945).
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5 Vaughan, J. Am. Chem. Soc., 78, 3547 (1951).

6 Boissonnas, Helv. Chim. Acta, 34, 874 (1951).

7 Wieland and Bernhard, 4nn., 572, 190 (1951).

8 Tarbell and Price, J. Org. Chem., 21, 144 (1956).

9 Bernhard, 4nn., 282, 165 (1894). )

10 Claisen and Falk, Ann., 291, 72 (1896).

Ut Biilow and Hailer, Ber., 35, 934 (1902).

2 King, King, and Thompson, J. Chem. Soc., 1948, 552.
13 Borsche and Wannagat, Ber., 85, 193 (1952).

1 Lund, Ber., 67, 935 (1934).

3,4-DINITRO-3-HEXENE
NO.

I
2CH3CH,CHCINO, 4 2KOH — CH3CH,;C=CCH,CH;

NOg

Submitted by D. E. BISGROVE, J. F. BRowN, JRr., and L. B. CLapp.!
Checked by JorN C. SEEEHAN, RicaArRD L. WassoN, and HErBERT O. HOUSE.

1. Procedure

This procedure involves the possibility of an explosion and therefore
must be conducted with caution.

Ina 1-1. three-necked flask equipped with a mechanical stirrer, a ther-
mometer, and a dropping funnel, and cooled externally with an ice-salt
bath, is placed a solution of 118 g. (1.8 moles) of v.s.p. 859, potassium
hydroxide (Note 1) in 300 ml. of water. The temperature of the solu-
tion is maintained between 0° and 10° (with the addition of ice to the
flask if necessary) while 247 g. (205 ml., 2.0 moles) of 1-chloro-1-nitro-
propane (Note 2) is added from a dropping funnel over a 20-minute
period. The cooling bath is removed, and concentrated hydrochloric
acid is added dropwise (Note 1) until the momentary green coloration
produced by the addition of each drop of acid spreads rapidly through-
out the solution (near a pH of 9). The temperature of the solution rises
to about 70° with the separation of a deep-green oily layer. Stirring is
continued until the reaction mixture reaches room temperature (about
3 hours).

After the green oil has been separated, it is washed with 75 ml. of a
warm (Caution! Note 3) 207, solution of potassium hydroxide in water
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to remove, as its potassium salt, the 1,1-dinitropropane formed as a by-
product. The remaining 100-110 g. of oil is diluted with 90 ml. of
959, ethanol, and the green solution is cooled in an ice-salt bath to —5°
to —10°. The crystalline product is collected on a cold (Note 4) 5.5-
cm. Biichner funnel and washed with two 5-ml. portions of ice-cold
alcohol. The yield is 50 g. of impure crystals.

Distillation of the alcoholic filtrate (Caution! Note 5) under reduced
pressure and in an atmosphere of nitrogen permits the isolation of an
additional 810 g. of 3,4-dinitro-3-hexene. The blue oil boiling below
75°/20 mm. is discarded. To the undistilled residue is added 25 ml. of
959, ethanol, the resulting solution is cooled in an ice-salt bath, and the
crystals are collected on a cold Biichner funnel and washed with 5 ml.
of ice-cold alcohol. The combined crops of crystals are recrystallized
from 80 ml. of 959, ethanol. The pure 3,4-dinitro-3-hexene separates
as light-yellow needles, m.p. 31-32°, weight 50-55 g. (29-32%,) (Note
6).

2. Notes

1. Although slightly less than an equivalent amount of potassium
hydroxide is used, the last of the 1-chloro-1-nitropropane dissolves
slowly, and the pH drops sufficiently to allow rapid reaction only after
a variable (usually about 3 hours) period of standing. The reaction
may also be started by heating one spot on the container with a jet of
steam, but it is more convenient and reliable to initiate reaction by
cautious addition of acid in the manner described.

2. The 1-chloro-1-nitropropane used was the commercial grade ob-
tained from Commercial Solvents Corporation. The yield was un-
changed when a distilled sample, b.p. 143°, was used.

3. The temperature of the potassium hydroxide solution should not be
above 35° when used. The submitters report the isolation of 15-20 g.
(9-129,) of potassium 1-nitropropylnitronate from the cooled extract.
The checkers, having been advised that this product is a hazardous ex-
plosive, discarded the warm alkaline cxtract. If 1,1-dinitropropane is
not desired (its preparation has been described #), it is recommended
that it be extracted as its more soluble sodium salt by washing the green
oil with sodium hydroxide solution rather than potassium hydroxide
solution.

1. 1t is necessary 1o keep the Biichner funnel cold since the crystals
melt near room temperature. An external cooling jacket for the funnel
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can be fabricated from a metal can by cutting a hole in the bottom of
the can of such size that it fits high enough on a rubber stopper to al-
low a tight fit between the rubber stopper and the suction flask. The
cooling jacket is filled with crushed Dry Ice. The checkers employed
a 60-mm. sintered glass funnel surrounded by a 400-ml. beaker, in the
bottom of which was a hole large enough to accommodate a no. 3
rubber stopper surrounding the stem of the funnel.

5. Distillation behind safety glass in a nitrogen atmosphere appears ad-
visable in view of the nature of polynitro compounds although the submit-
ters have not had an explosion in the preparation of 3,4-dinitro-3-
hexene.

6. 2,3-Dinitro-2-butene may be prepared from 1-chloro-1-nitro-
ethane by the same procedure, in 309, yield. The compound melts at
28-28.5° and has a boiling point of 135°/11 mm. Commercially avail-
able 1-chloro-1-nitroethane contains about 109, 1,1-dichloro-1-nitro-
ethane and 2-chloro-2-nitropropane which cannot be separated by dis-
tillation, but these impurities do not interfere with the preparation.
Distillation of 2,3-dinitro-2-bulene behind safety glass in a nitrogen atmos-
phere is advisable. The submitters, in preparing this compound, have
had one explosion over a period of ten years.

3. Methods of Preparation

The action of a sodium bicarbonate solution or a 109, sodium hy-
droxide solution on 1-chloro-1-nitropropane will produce 3,4-dinitro-
3-hexene. The procedure described here is a modification of that de-
scribed by Nygaard and Noland.?

1 Brown University, Providence, Rhode Island. This work was supported in part by
Office of Ordnance Research Contract DA-19-020-ORD-592 at Brown University.

2 ter Meer, Ann., 181, 1 (1876); Belew, Grabiel, and Clapp, J. Am. Chem. Soc., 77,
1110 (1955).

# Nygaard and Noland (Socony-Vacuum Oil Company), U. S. pat. 2,396,282 (1946)
[C. 4., 40, 3126 (1946)].
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1,4-DIPHENYL-5-AMINO-1,2,3-TRIAZOLE
(1H-1,2,3-Triazole, b-amino-1,4-diphenyl-)
and
4-PHENYL-5-ANILINO-1,2,3-TRIAZOLE
[1H-1,2,3-Triazole, 4-phenyl-5-(phenylamino)-]
NH,

|
ColHsNs 4 CoHsCH,CN 0%, | ?

N N

AN 4
Cels N

ITIHg NHCgHj5

C:C—C6H5 CsHsN C——"—:—C"—CGH5
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CeHs N H N

Submitted by EUGENE L1EBER, TA1 S1aNe CHAO, and C. N. RAMACHANDRA Rao.!
Checked by T. L. Cairns and E. L. MARTIN,

1. Procedure

A. 1,4-Diphenyl-5-amino-1,2,3-iriazole. A 500-ml. three-necked flask
is equipped with a sealed stirrer, a thermometer well, and a dropping
funnel which is protected by a drying tube and has a pressure-equal-
izing side arm. A mixture of 35.7 g. (0.3 mole) of phenyl azide (Note
1) and 38.6 g. (0.33 mole) of phenylacetonitrile (Note 2) is placed in the
flask. The flask is immersed in an ice-water mixture contained in a 1-
gal. Thermos flask. After the reaction mixture has cooled to about 2°,
a solution of 24.3 g. (0.45 mole) of sodium methoxide (Note 3) in 150
ml. of absolute ethanol is added dropwise during the course of 2 hours.
The reaction mixture is then stirred at 2-5° in the ice-water bath for a
period of 48 hours (Note 4). After the cooling bath has been removed
and the flask allowed to warm spontaneously to room tempcrature,
the mixture is filtered by suction on a sintered glass funnel, and the col-
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lected product is washed with three 50-ml. portions of absolute ethanol.
The dried product weighs 62-65 g. (88-929) and consists of white, fine
platelike crystals, m.p. 169-171°. Recrystallization from benzene does
not alter the melting point (Note 5).

B. 4-Phenyl-5-anilino-1,2 3-triazole. Six grams (0.025 mole) of 1,4-
diphenyl-5-amino-1,2,3-triazole is dissolved in 20 g. of dry pyridine (dis-
tilled from solid sodium hydroxide) and heated under reflux for 24 hours
(Note 6). The reaction mixture (Note 7) is poured into 11. of ice water.
The product separates as a slightly yellowish milky oil which is con-
verted to white needle-like crystals by stirring the mixture and scratch-
ing the beaker with a glass rod. The product is collected by suction
filtration, washed with water, suction-dried, and recrystallized from
aqueous ethanol (Note 8). The yield is 5.5-5.6 g. (92-939%,) of fine
white needle-like crystals, m.p. 167-169° (Note 9), soluble in hot water
and ether, but difficultly soluble in benzene.

2. Notes

1. Prepared by the method of Lindsay and Allen, Org. Syntheses,
Coll. Vol. 3,710 (1955). The phenyl azide used had b.p. 41-43°/5 mm.,
#253 1.5567. The boiling point deviates slightly from that given by
Lindsay and Allen, namely 49-50°/5 mm.; however, it agrees fairly
well with the other value given by these authors, namely 66-68°/21
mm., and with the values of Darapsky,’ and the vapor pressure deter-
minations by Carothers,? as shown by a plot of log p vs. 1/T.

2. The Eastman product was used without purification.

3. Anhydrous sodium methoxide from Matheson Chemical Corpor-
ation was used.

4. The yield and purity of the product, i.e., with respect to decreased
content of acidic isomer (4-phenyl-5-anilino-1,2,3-triazole), depends
upon maintaining a low temperature throughout the entire reaction.

5. The product is essentially pure. 1,4-Disubstituted-5-amino-1,2,3-
triazoles are readily isomerized; ¢ accordingly, care must be exercised
in the recrystallization of such products from solvents. It has been
found by experiment that the best practice, in order to avoid isomer-
ization, is to heat the benzene to boiling before addition of the product
for recrystallization. Repeated tests have shown that a single careless
recrystallization of the product from benzene can increase the content
of acidic isomer by as much as 4%,. Polar solvents must be avoided.
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The purity of the product can be determined ® by titration in glacial
acetic acid, using perchloric acid (in glacial acetic acid) as titrant and
methyl violet (0.2 g. of methyl violet in 100 ml. of chlorobenzene) as
visual indicator (the first appearance of blue color is taken as the end
point).

6. This is more than enough time to allow for the complete irrevers-
ible isomerization. The extent of isomerization is checked by remov-
ing a small quantity of the reaction mixture, isolating the product by
dilution with water, and testing its solubility in dilute potassium hy-
droxide solution. It should be completely soluble.

7. If any solid material is present, it should be removed by filtration.

8. The acidic isomer can be recrystallized from ethanol without the
formation of any of the basic isomer. The checkers used for each gram
of product 5 ml. of ethanol and 2.5 ml. of water. After solution of the
product, treatment with Darco and filtration, 2.5 ml. of water was
added to the hot solution.

9. The purity of the acidic isomer is best determined ¢ by titration
against sodium methoxide in dimethylformamide, using potentiometric

indicator. This test showed the present product to be free of basic
isomer.

3. Methods of Preparation

The present method is a modification of that first reported by Dim-
roth.® The method of irreversible isomerization in boiling pyridine was
first reported by Dimroth 7 for the conversion of 1-phenyl-5-amino-
1,2,3-triazole to S-anilino-1,2,3-triazole.

! Department of Chemistry, De Paul University, Chicago, Illinois.

% Darapsky, Ber., 40, 3038 (1907).

3 Carothers, J. Am. Ckem. Soc., 45, 1734 (1923).

* Lieber, Chao, and Rao, presented at the September 1955 Minneapolis, Minnesota,
meeting of the American Chemical Society and submitted for publication to J. Org. Chem.

8 Lieber, Rao, and Chao, Anal. Chem., 29, 932 (1957).

% Dimroth and Werner, Ber., 85, 4058 (1902).

" Dimroth, A#n., 364, 183 (1909).
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trans-2-DODECENOIC ACID
Bra

n—CgH17CH2CH2CH2C02H “E)
KOC(CHj)
n-CgH;,CH,;CH,CHBrCO,H s
H,SO.
n-CgH7,CHo,CH=CHCO,K + #-CsH,;CH=CHCH,CO;K ﬁo—;{»

’VL—CSH17CH2CH:CHC02H + n—CgH17CH———CHCH2C02C2H5

Submitted by C. FREEMAN ALLEN and Max J. Kaim.!
Checked by WiLLiam S. JorNsoN and ALaN D. LOURIE.

1. Procedure

Caution! The bromination step should be carried out in a hood, and ap-
propriate precautions should be employed in handling potassium (Note I).

A dry 125-ml. three-necked flask fitted (glass joints) with a sealed
mechanical stirrer, an addition funnel, and a reflux condenser capped
with a calcium chloride drying tube, is charged with 30.0 g. (0.15 mole)
of dodecanoic acid (Note 2) and 0.6 ml. (0.007 mole) of phosphorus tri-
chloride. The mixture is heated at 90-95° (bath temperature), and
8.5 ml. (0.165 mole) of dry bromine (Note 3) is added in one portion
with stirring. After stirring for 3 hours at 90-95°, an additional 7.7 ml.
(0.150 mole) of dry bromine is added, and the heating and stirring are
continued for an additional 7 hours. The dark reaction mixture is then
cooled, dissolved in about 100 ml. of carbon tetrachloride, and shaken
vigorously with two 100-ml. portions of water. The organic solution is
filtered through anhydrous sodium sulfate, and the solvent and excess
bromine are removed by distillation at steam-bath temperature and re-
duced pressure (water aspirator). The residue of bromo acid, which is
pale orange in color, is slowly and cautiously added at room tempera-
ture to a solution of potassium fers-butoxide which has been prepared
from 14.7 g. (0.375 g. atom) of potassium (Note 1) and 350 ml. of
dry tert-butyl alcohol (Note 1), and is contained in a 1-1. flask fitted
with a reflux condenser that is protected from moisture with a calcium
chloride tube. The resultant thick suspension is heated at gentle reflux
for 3—4 hours on a stcam bath, then cooled, diluted with about 1 1. of
water, and acidified to Congo red with § N sulfuric acid. The mixture,
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containing the precipitated liquid dodecenoic acids, is extracted with
two 100-ml. portions of hexane (or a comparable petroleum ether frac-
tion), and the combined hexane solutions are washed with water and
dried by filtration through anhydrous sodium sulfate. The hexane is
removed by flash distillation, and the residual acid is fractionally dis-
tilled through a 2-ft. Podbielniak-type column (Notes 4 and 5). After
a small fore-run, the main fraction of dodecenoic acids is collected over
a 3° range at about 166-169°/3 mm. The yield is 14-15 g. (47-509%,),
nZ ca. 1.4610 (Note 6).

The distilled mixture of dodecenoic acids is dissolved in 150 ml. of
commercial absolute ethanol containing 1.3 ml. of concentrated sulfuric
acid and allowed to stand in a stoppered flask for 2 hours at 20°. The
solution is diluted with 600 ml. of water, and extracted with two 150-
ml. portions of 60-68° petroleum ether. The extracts are washed with
water, and percolated through a Kies extraction apparatus (Note 7)
consisting of three stages containing, respectively, 9.9 g. of 859, potas-
sium hydroxide (0.15 mole) in 250 ml. of 209, ethanol, 2.5 g. of 85%,
potassium hydroxide (0.038 mole) in 125 ml. of 209, ethanol, and 125
ml. of water. An additional 250 ml. of petroleum ether is then passed
through the extraction apparatus. The three aqueous layers are com-
bined, acidified to Congo red with 5 N sulfuric acid, and extracted with
petroleum ether. The combined organic layers are washed with water
and dried over anhydrous sodium sulfate. The solvent is removed by
flash distillation and the residue distilled in a modified Claisen flask.
The yield of colorless 2-dodecenoic acid, b.p. 155-158°/3 mm., 127-
130°/0.15 mm., is 8-10 g. (27-34%), #2 1.4629, Aax 210 my (e 13,650)
in hexane, m.p. 13-18°.

2. Notes

1. The precautions for handling potassium and the procedure for pre-
paring anhydrous potassium feri-butoxide have already been de-
scribed.?

2. The submitters employed a sample of dodecanoic acid, m.p. 42.5~
43°, obtained by fractional distillation of commercial material. The
checkers used Eastman Kodak Company yellow-label-grade dodeca-
noic acid, m.p. 44.5-45°. If a product free of homologous material is
desired, purified dodecanoic acid should be used as starting material.

3. The bromine was dried with phosphorus pentoxide and filtered
into the addition funnel through a plug of glass wool.
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4. A simplified Podbielniak column * was employed. Other columns
of comparable efficiency should be suitable.

5. This distillation is of importance;if omitted, the final 2-dodecenoic
acid is difficult to purify.

6. The mixture of dodecenoic acids exhibited Aya, at 210 mpu (¢11,980)
in hexane. From the extinction coefficient (13,650) for the pure 2-
isomer and that (about 1000) for the 3-isomer, it is calculated that this
mixture contains about 13% of the latter. A small amount of dodeca-
noic acid also appears to be present.

7. The Kies extraction apparatus ¢ is useful in minimizing emulsion
formation. The checkers performed the countercurrent extractions
successfully in separatory funnels. The solutions must be mixed by
mild rocking of the funnels; otherwise serious emulsions will be pro-
duced.

3. Methods of Preparation

Higher-molecular-weight normal 2-alkenoic acids have been prepared
in poor yields by the Doebner condensation of aldehydes with malonic
acid,"" and by the Reformatsky reaction of aldehydes wlth ethyl
bromoacetate followed by dehydration.® The a-iodo acid, prepared
from the bromo acid, has been dehydrohalogenated with potassium
hydroxide in ethanol,® but large quantities of the a-hydroxy acid are
formed as a by-product which is difficult to separate in some instances.
The present procedure is an adaptation of a published method.®

1 University of California, Berkeley, California.

2 Org. Syntheses, 30, 18 (1950).

3 Cason and Rapoport, Laboratory Text in Organic Chemistry, p. 237, Prentice-Hall,
New York (1950).

4 Kies and Davis, J. Biol. Chem., 189, 637 (1951).

5 Cason, Allinger, and Sumrell, J. Org. Chem., 18, 850 (1953).

¢ Lauer, Gensler, and Miller, J. Am. Chem. Soc., 63, 1153 (1941).

7 Zaar, Ber. Schimmel and Co., Akt.-Ges., 299 (1929) [C. 4., 24, 2107 (1930)].

8 Cason and Sumrell, J. Org. Chem., 16, 1181 (1951).

% Meyers, J. Am. Chem. Soc., 73, 2100 (1951); Sweet and Estes, J. Org. Chem., 21, 1426
(1956).
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ETHYL BENZOYLACETATE

(Acetic acid, benzoyl-, ethyl ester)
CHaCOCH2C02C2H5 + C6H5COCI + 2NaOH —
COCHg3

1
(C6H5COCC02C2}I5) ~Na*t 4+ NaCl + 2H20
COCHj

|
(C6H5000C02C2H5) ~Nat + NH4C1 + Hzo -
C6H5COCH2C02C2H5 + NaCl + CH3C02NH4

Submitted by J. M. STrALEY and A. C. Apams (Deceased).!
Checked by Max TisaLER and M. A. KOZLOWSKI.

1. Procedure

In an open 3-1. three-necked flask, equipped with an efficient mechan-
ical stirrer (Note 1) and two dropping funnels, are placed 500 ml. of
water, 250 ml. of technical naphtha boiling at 95-110°, and 195 g. (1.5
moles) of freshly distilled ethyl acetoacetate. The mixture is cooled to
5° with a water-ice bath, and 65 ml. of 339, sodium hydroxide solution
(33 g. sodium hydroxide in 100 g. solution) is added. As the tempera-
ture is maintained below 10° (Note 2) and the pH near 11 (Note 3),
the mixture is stirred vigorously (Note 1), and there are added simul-
taneously from the two dropping funnels 230 g. (1.62 moles) of benzoyl
chloride and 270 ml. of 339, sodium hydroxide solution. This addition
should be made during about 2 hours. After addition is complete, the
cooling bath is removed, and the mixture is allowed to come to room
temperature. In order to insure complete reaction, the mixture is
finally brought to 35° during about 1 hour. The stirrer is then stopped,
and the aqueous layer is separated and placed in a 2-1. Erlenmeyer
flask (Note 4).

To the mixture is added 80 g. of technical ammonium chloride; then
it is stirred slowly overnight. The specific gravity isbrought to 1.13 by
the addition of about 90 g. of sodium chloride, after which the mixture
is transferred to a separatory funnel. About 10 ml. of benzenc is used
to rinse the flask and is added to the separatory funnel.  The aqueous
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layer is withdrawn (Note 5), and the oil is washed three times with
100-ml. portions of cold water.

An additional 40 ml. of benzene is added (to accomplish drying on
distillation), and the product is distilled under reduced pressure, using
a short still head with no fractionating column (Note 6). The yield of
ethyl benzoylacetate, b.p. 145-150°/12 mm., is 197-203 g. (68-71%)
(Note 4).

2. Notes

1. Good stirring is essential. Slow stirring results in low yields.

2. Temperatures above 10° did not result in consistently good yields.

3. Lower pH did not give good yields. The pH was checked by
means of filter paper, which had been dipped in an alcoholic solution of
alizarin and then dried.

4. The naphtha layer may be used without further treatment for the
next run. Yields of 7697 have been obtained on such a second run with-
out making allowance for recovered ethyl acetoacetate. Distillation
of the naphtha layer together with the fore-run from the final distilla-
tion of ethyl benzoylacetate yields 11-14 g. of recovered ethyl
acetoacetate and about 235 ml. of naphtha.

5. As high as 62 g. of benzoic acid has been recovered by acidification
of the aqueous layer.

6. The chief impurity in the crude ester is a high-boiling material of
unknown composition.

3. Methods of Preparation

The methods of preparation have been listed in two earlier vol-
mes.»3 The present method, which is an adaptation of a process found
in German documents,* is a shorter, more simple procedure which
does not require use of dry solvent or metallic sodium.

1 Research Laboratories, Tennessee Eastman Company, Kingsport, Tennessee.

2 Org. Syntheses, Coll. Vol. 2, 266 (1943).

3 Org. Syntheses, Coll. Vol. 3, 381 (1955).
4B.1.0.S,, Final Rept. 1149, 115.
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ETHYL tert-BUTYL MALONATE

(Malonic acid, ethyl fert-butyl ester)
CH,(C0O3CsHs)s + KOH — CoHz0,CCH,COK + CoHsOH
CoH;0,CCH,CO.K + HCl — CyH;0,CCH,CO,H + KCl
H,S04
C2H502CCH2C02H + CH2—":C(CH3)2 _—)E
CoH;0,CCH,CO,C(CHj)s

Submitted by R. E. STRUBE.*
Checked by WiLriam S. JounsoN and DuFF S. ALLEN, JR.

1. Procedure

A 2-1. three-necked flask, equipped with a sealed stirrer, a dropping
funnel and a reflux condenser provided with a calcium chloride drying
tube, is charged with 100 g. (0.625 mole) of diethyl malonate (Note 1)
and 400 ml. of commercial absolute ethanol. Stirring is started, and a
solution of 35 g. of potassium hydroxide pellets (Note 2) in 400 ml. of
commercial absolute ethanol is added at room temperature during a
period of 1 hour. A white crystalline precipitate forms during the ad-
dition, and, after all the hydroxide has been added, stirring is continued
for an additional 2 hours. After the mixture has stood overnight, it is
heated to boiling on the steam bath and filtered while hot with suction
(Note 3). Precipitation of the potassium ethyl malonate is completed
by cooling the filtrate in an ice bath. The salt is collected by suction
filtration, washed with a small amount of ether, and dried under re-
duced pressure at room temperature. An additional amount of the
potassium salt is obtained by concentrating the mother liquors on the
steam bath to about 100-125 ml. The total yield is 80-87 g. (75-829%,).

A 250-ml. three-necked flask provided with a stirrer, a dropping fun-
nel, and a thermometer is charged with 80 g. (0.470 mole) of potassium
ethyl malonate and 50 ml. of water. The mixture is cooled to 5° with
an ice bath, and 40 ml. of concentrated hydrochloric acid is added over
a 30-minute period while the temperature is maintained below 10°.
The mixture is filtered with suction, and the precipitate of potassium
chloride washed with 75 ml. of ether. The aqueous layer of the filtrate
is separated and washed with three 50-ml. portions of ether. The com-
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bined ether solutions are dried over anhydrous magnesium sulfate; then
most of the solvent is removed by distillation at atmospheric pressure,
and the remainder under reduced pressure. Finally, the liquid residue
of monoethyl malonate is dried at 50°/1 mm. for 1 hour. The yield is
58-62 g. (93-1009%).

A 500-ml. Pyrex heavy-walled, narrow-mouthed pressure bottle is
charged with 100 ml. of ether and 3.5 ml. of concentrated sulfuric acid.
The solution is cooled with an ice bath to 5°, and 56 g. (0.424 mole) of
monoethyl malonate and approximately 60 ml. (about 0.75 mole) of iso-
butylene (Note 4) are added. The bottle is immediately closed with a
rubber stopper, which is clamped or wired in place, and is shaken me-
chanically at room temperature overnight (Note 5). The bottle is
chilled in an ice-salt bath and then opened. The reaction mixture is
poured into a 1-1. Erlenmeyer flask containing a cooled solution of 50 g.
of sodium hydroxide in 200 ml. of water and 200 g. of ice. The mixture
is swirled a few times and then transferred to a separatory funnel (Note
6). The layers are separated, and the aqueous portion is extracted with
two 75-ml. portions of ether. The organic layers are combined and
dried over anhydrous magnesium sulfate. The solution is concentrated
in a 125-ml. round-bottomed flask (Note 7) and distilled at reduced
pressure through a 10-cm. Vigreux column. The fraction distilling at
98-100°/22 mm. or 107-109°/24 mm. is collected. The yieldis 4247 g.
(53-589), iy 1.4128, npy 1.4142.

2. Notes

1. Diethyl malonate as supplied by the Eastman Kodak Company
(white label grade) or by Abbott Laboratories may be used without
further purification.

2. Potassium hydroxide (859, minimum assay) obtained from the
Mallinckrodt Chemical Works is satisfactory.

3. A steam-heated Biichner or a warmed sintered glass funnel is
recommended.

4. Technical grade isobutylene supplied by Matheson Company
was used. The isobutylene gas is liquefied by passage into a large test
tube immersed in a Dry Ice-acetone bath.

5. For convenience, the reaction was carried out overnight. The
reaction time may probably be shortened (compare the preparation
of di-fert-butyl malonate ?).
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6. The mixture may be filterec, if necessary, to remove ice.

7. Since traces of acid will decompose the ester during the distilla-
tion, it is essential to wash the distillation apparatus carefully with a
sodium hydroxide solution before rinsing and drying. The addition
of some potassium carbonate or magnesium oxide before distillation
is recommended (see Note 5 of reference 2).

3. Methods of Preparation

Ethyl fert-butyl malonate has been prepared by adding tert-butyl
acetate and ethyl carbonate to sodium triphenylmethyl?® and from
ethyl malonyl chloride and feri-butyl alcohol.* The present procedure
is an adaptation of that for the preparation of di-feri-butyl malonate.?

1 Department of Chemistry, Research Division, The Upjohn Company, Kalamazoo,
Michigan.

2 Org. Syntheses, 34, 26 (1954).

3 Hauser, Abramovitch, and Adams, J. Am. Chem. Soc., 64, 2714 (1942).
1 Breslow, Baumgarten, and Hauser, J. Am. Chem. Soc., 66, 1287 (1944).
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4-ETHYL-2-METHYL-2-OCTENOIC ACID
(2-Octenoic acid, 4-ethyl-2-methyl-)

OZnBr
n-C4HoCHCHO + BrCHCO,CyHs + Zn — C4H9CH(|DHCH002C2H5
C|)2H5 (|:H3 CoHj (l3H3

OZnBr
2C4H9CH(]3HCHC02C2H5 + H,SO, —
CoHs; éH3

OH
|
2C4H9CHCHCH002C2H5 —I— ZnBr2 + ZI’ISO4
|
CoHs; CHjg
OH
| AN
3C4HyCHCHCHCO,CyH; + POCI; + 3L —
l | &
CoH; CHj
3C HyCHCH=CCO,C,Hj5 (and C4HyC=CHCHCO,CyH3)
|
C2H5 CH3 CQHs CH3
X
+ H3PO4 + 3 @ -HCl
=
N
CoHj
HsS0,4 t
C4H9C:CH‘CHC02CQH5 Heat C4Hg
—CH
C.H; CH; © | :
(1) KOH ©
C4H9?HCHIC002C2H5 Wﬁ)
CoH; CHj;
C4HyCHCH=CCO,H + C,H;zOH + KCl
C2H5 CH3
Submitted by KinneTir L. RINEFART, Jr., and Epwarp G. PERKINS.!

Checked by MELVIN S. NewMAN and Josipi 11 MANTIART.
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1. Procedure

A 3-1. three-necked flask is equipped with a mercury-sealed mechani-
cal stirrer prepared from tantalum wire, a condenser arranged for
distillation, and a 500-ml. pressure-equalizing dropping funnel. The
flask is heated on a steam cone, and a slow stream of nitrogen is in-
troduced from a cylinder through a line connected to the top of the
dropping funnel. To the flask are added 98.1 g. (1.50 g. atoms) (Note
1) of freshly sandpapered zinc foil which has been cut into narrow
strips and rolled loosely, and 750 ml. of thiophene-free benzene pre-
viously dried over sodium. To dry the apparatus and contents,
175-200 ml. of benzene is slowly distilled with stirring. Heating is in-
terrupted, and the condenser is quickly arranged for reflux. A U-tube
just closed with mercury is attached to the top of the condenser,
and nitrogen flow is adjusted so that it bubbles slowly through the
mercury. The benzene is heated once again to reflux, and a solution
of 64.1 g. (0.50 mole) of 2-ethylhexanal (Note 2) and 271.5 g. (1.50
moles) of ethyl a-bromopropionate (Caution! Note 3) in 500 ml. of
dried benzene is placed in the dropping funnel. The first 50 ml.
of the solution is added to the flask at once. Usually reaction begins
immediately, as evidenced by darkening of the zinc surface and
clouding of the solution, but in some cases as much as 15 minutes
elapses before the start of reaction. When the reaction has started,
the remainder of the aldehyde-bromo ester solution is added during
1 hour, with stirring, as the solution is maintained under reflux. After
addition is complete the mixture is heated for an additional 2 hours
under reflux, and then cooled to room temperature.

The nitrogen line is removed, and to the solution is added 750 ml.
of 12 N sulfuric acid; the resulting mixture is stirred vigorously for
1 hour, and then decanted into a 3-l. separatory funnel. After the
two phases have separated, the lower aqueous layer is drawn off into
a 3-1. separatory funnel containing 1 1. of water which has been used
to wash the reaction flask, and the diluted mixture is extracted twice
with 350-ml. portions of benzene which have also been employed to
rinse the reaction flask. The original organic layer and the combined
benzene extracts are kept separate and are washed successively with
500-ml. portions of water, saturated sodium bicarbonate solution, and
again with water. The two organic portions are now combined, allowed
to stand over anhydrous sodium sulfate until clear, then transferred
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to a 2-1. distilling flask, from which solvent is distilled at atmospheric
pressure, last traces under aspirator pressure. The residue remaining
in the flask weighs 150-165 g. (Note 4) and is dehydrated without
further purification.

To the residue which contains the crude hydroxy ester there is
added 710 g. of pyridine (commercial reagent, c.p. grade), and the
mixture is cooled to about 5° in an ice bath. To the cooled solution
is added slowly with vigorous swirling 155 g. of phosphorus oxy-
chloride (commercial reagent, c.p.); white crystals form almost im-
mediately. The mixture is allowed to stand 8 hours at room tempera-
ture and is finally heated for 1.5 hours on the steam bath (Note 5).
It is then cooled to room temperature and decanted into a 5-1. separa-
tory funnel containing 1.25 kg. of cracked ice. Crystals that remain
in the flask are decomposed with an additional 125 g. of ice. The
flask is rinsed with 1.51. of water, and then with 400 ml. of hexane.
These washes are added to the material in the separatory funnel.
After the two layers have been shaken together thoroughly and then
separated, the aqueous phase is extracted with two additional 400-ml.
portions of fresh hexane. The three hexane extracts are not combined,
but are washed in turn with two 500-ml. portions of 2 N hydrochloric
acid to remove pyridine. Excess hydrochloric acid is removed by
washing with three 200-ml. portions of water to pH 4. The clear
amber-colored solution is dried over anhydrous sodium sulfate, and
solvent is removed by distillation as before. The residue, which
weighs 120-135 g. and consists mainly of ethyl 4-ethyl-2-methyl-2-
(and-3-)octenoates, is not distilled but is heated with sulfuric acid
to convert the A%-isomer to vy-lactone (Notes 6, 7, and 8).

To the residue is added 600 ml. of ethylene glycol, followed by 40
ml. of concentrated sulfuric acid. The resulting mixture is heated
under vigorous reflux for 20 hours, and then cooled and transferred to
a 2-1. stainless-steel or copper flask. To this material is added a
solution prepared from 325 g. of potassium hydroxide, 300 ml. of
water, and 300. ml. of 959, ethanol. The resultant solution is heated
under reflux for 1 hour, and then cooled and transferred to a 5-1.
separatory funnel, where it is diluted with 3 1. of water and acidified
with 600 ml. of concentrated hydrochloric acid. The organic liquid
which separates is diluted with 300 ml. of hexane and separated from
the aqueous layer, which is extracted three additional times with
300-ml. portions of hexane. ‘The hexanc extracts are washed to pH
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4 with three 300-ml. portions of water, and then combined and dried
over anhydrous sodium sulfate. For removal of solvent by flash
distillation, a 150-ml. round-bottomed flask, equipped with a ground
joint attached to a distillation head and side tubulature attached to a
dropping funnel, is heated by an oil bath whose temperature is main-
tained at 130-140°. After all the solution has been added at about
the rate of distillation, the dropping funnel is replaced by a capillary,
and the last of the solvent is removed at reduced pressure furnished
by a water pump. The flask is finally attached to an efficient
fractionating column (Note 9), and the residue of mixed «,8-unsatu-
rated acid and ~y-lactone is distilled carefully at reduced pressure.
After 1-5 g. of fore-run, there are obtained 25-28.5 g. (27-31%) of
4-ethyl-4-hydroxy-2-methyloctanoic acid, <y-lactone, b.p. 118-121°/
5.0 mm., 75 1.4469-1.4473 (Note 10), 2-3 g. of intermediate, and
27.5-32 g. (30-35%,) of 4-ethyl-2-methyl-2-octenoic acid, b.p. 140-
143°/5.0 mm., npy 1.4613-1.4625 (Note 11).

2. Notes

1. The yield in this reaction is improved by an excess of zinc and
bromoester relative to aldehyde. The present ratio of zinc:bromo-
ester:aldehyde (3:3:1) gives 879 of intermediate S-hydroxy ester;
when the ratio is reduced to 2:3:1, the yield is lowered to about 687%,.

2. Commercially available 2-ethylhexanal (Eastman practical grade)
is purified by fractional distillation; b.p. 163-163.2°/atm., nj5 1.4133.
Other aldehydes are conveniently prepared by the Rosenmund re-
duction.? If the aldehyde is relatively unstable toward autoxidation,?®
a catalytic amount (0.5-1.0 g.) of hydroquinone is added with the
aldehyde-bromo ester solution.

3. Ethyl a-bromopropionate is available commercially (Sapon
Laboratories, 75 1.4452) and is employed without purification. Bromo
esters are severe lachrymators, and operaiions that involve iransferring
these compounds from one vessel to another should be conducted in a well-
ventilated hood.

4. If ethyl 4-ethyl-2-methyl-3-hydroxyoctanoate is isolated by distil-
lation of this residue, the yield is about 100 g. (87%), b.p. 122-124°/
4.9 mm., np 1.4415.

5. During heating, the mixture becomes dark brown; however, most
of the color is removed by subsequent washing with hydrochloric acid.
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If terminal heating is omitted, the yield in the dehydration step is
reduced by approximately 159%.

6. If no separation of isomers is required, as when the mixture is to
be hydrogenated, the mixed esters may be obtained by distillation;
yield, 75-90 g. (71-859, based on starting aldehyde). It is extremely
difficult to separate the A% from the A*-ester by fractional distillation,
as the two boil only 7° apart; however, by careful fractionation and
refractionation through an 0.8 X 125-cm. simple Podbielniak column
with partial-reflux head,* it is possible to obtain ? pure ethyl 4-ethyl-
2-methyl-2-octenoate, b.p. 102-103°/4.8 mm., x5 1.4478, and a
nearly pure sample of ethyl 4-ethyl-2-methyl-3-octenoate, b.p. 94~
95°/4.8 mm., 75y 1.4393. .

7. When a,y-dialkyl-8,y-unsaturated esters and acids are heated
with acid, they are slowly converted to y-lactones. The corresponding
a,f-unsaturated isomers are recovered unchanged.? Treating a mix-
ture of the two isomeric esters or acids with sulfuric acid in refluxing
glycol thus destroys the unconjugated isomer, while leaving the con-
jugated compound intact. Whereas the isomeric esters and acids
have very similar boiling points (cf. Note 6), the vy-lactone boils
20-25° lower than the A%-acid and thus may be separated easily from
the acid by fractional distillation. The acid may also be extracted
from the lactone with sodium carbonate, or its barium salt may be
precipitated by methanolic barium hydroxide.

Lactonization as a means of obtaining A%-acid free from A3-isomer
is useful for unsaturated acids or esters having an a-alkyl substituent.
Conjugated acids or esters without an a-alkyl substituent undergo
acid-catalyzed isomerization to the A3-isomer and subsequent lacto-
nization with loss in yield of the A%.-compound.’ In the latter case, use
may be made of the differential rate either of bromine addition ¢ or
of esterification ? for the conjugated and unconjugated compounds as
a means of obtaining pure conjugated acid.

8. In the present case, the proportion of A%-isomer in the original
dehydration mixture may be estimated to be 429, of the total un-
saturated esters, while an equilibrium mixture contains about 679,
of the conjugated compound.? Thus, the amount of conjugated isomer
in the mixture may be considerably increased by base-catalyzed iso-
merization of the unsaturated esters. For other unsaturated esters,
both the composition of the dehydration mixture *7 and the equili-
brium ratio of the two isomers ** vary, depending on the position and
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nature of alkyl substituents on the chain, and equilibration is not al-
ways desirable. For suitable compounds the following procedure is
advantageous; scrupulous protection against moisture is essential.

A 2-1. round-bottomed flask is fitted with a coil condenser (cooling
water inside the coil) having a large free space in the center and is
protected from atmospheric moisture by a calcium chloride tube. The
apparatus is dried thoroughly with a Bunsen burner, and 1.5 1. of
commercial ethylene glycol is introduced into the flask, together with
50 ml. of diethyl phthalate. The glycol is heated (with salt bath or
electric mantle) to a temperature slightly under reflux, the calcium
chloride tube is removed, and 50 g. of sodium is added cautiously, in
suitable pieces, through the condenser. It is necessary to wait after
the addition of each piece, for sodium melts at these temperatures and
dissolves in glycol exothermically with vigorous evolution of hydrogen.
After all the sodium has been added, the solution is heated for 1 hour
under reflux. The condenser is arranged for distillation into a grad-
uated thoroughly dried pressure-equalizing dropping funnel, and, as
before, the system is protected by a calcium chloride tube. Heating
is resumed, and the first 300 ml. of distilled glycol, which contains any
remaining water, is discarded. The separatory funnel is replaced by
a 1-1. stainless-steel flask with standard taper joint, which has been
thoroughly dried with a burner. In this flask is collected the next
750 ml. of distilled glycol. The condenser and a calcium chloride
tube are transferred to the steel flask, the contents are heated to a
temperature slightly under boiling, and 57.5 g. of sodium is added in
large pieces as before. The residue of unsaturated esters is introduced
from a large pipet, a boiling chip is added, and the mixture is heated
for 20 hours under reflux. It is then cooled to room temperature and
decanted cautiously into a 2-1. round-bottomed flask containing a
mixture of 210 ml. of glycol and 70 ml. of concentrated sulfuric acid.
To the flask is added an additional 70 ml. of concentrated sulfuric acid,
and after the mixture has been heated under reflux for 12 hours it is
worked up as described in the final paragraph of the main procedure.
Upon fractional distillation of the products, there are obtained 17.5-
23.9 g. (19-269,) of 4-ethyl-4-hydroxy-2-methyloctanoic acid, y-lac-
tone, and 34.1-39.6 g. (38-43%,) of 4-ethyl-2-methyl-2-octenoic acid.
In this instance, therefore, the yield of A%-acid is increased approxi-
mately one-third by isomerizing the dehydration products before
converting the A*-acid to lactone.
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9. An 0.8 X 125-cm. simple Podbielniak column ¢ with partial re-
flux head is a suitable type.

10. An analytical sample of 4-ethyl-4-hydroxy-2-methyloctanoic
acid, y-lactone, has b.p. 115-117°/4.3 mm., np 1.4462.

11. An analytical sample of 4-ethyl-2-methyl-2-octenoic acid has
b.p. 141-142°/4.6 mm., np 1.4628.

3. Methods of Preparation

The procedure employed has been previously described by Cason
and Rinehart?® and is a modification of the standard Reformatsky
procedure.®1® The Reformatsky reaction, which has been reviewed
elsewhere,® has been widely employed with ketones, somewhat less
frequently with aldehydes, and very seldom with a-alkyl aliphatic
aldehydes.

4-Ethyl-2-methyl-2-octenoic acid has been prepared only by this
method. An alternate synthesis of «a-alkyl-e,B-unsaturated acids
proceeds via o-bromination of the saturated acid, followed by dehy-
drohalogenation with quinoline at elevated temperatures.!* The pres-
ent method is especially well adapted to preparation of «,y-dialkyl-
a,B-unsaturated acids.

1 University of Illinois, Urbana, Illinois.
2 Org. Syntheses, Coll. Vol. 3, 627 (1955).
3 Cason and Rinehart, J. Org. Chem., 20, 1591 (1955).

4 Cason and Rapoport, Laboratory Text in Organic Chemistry, p. 237, Prentice-Hall,
New York, 1950.

5 Linstead, J. Chem. Soc., 1932, 115,

6 Linstead, J. Chem. Soc., 1927, 355,

7 Kon and Nargund, J. Ckem. Soc., 1932, 2461.

8 For a review of references, cf. Adkins, in Gilman’s Organic Chemistry, 2nd ed., p. 1042,
John Wiley & Sons, New York, 1943.

9 Shriner, Org. Reactions, 1, 2 (1942).

10 Reference 4, p. 330.

11 Cason, Allinger, and Allen, J. Org. Chem., 18, 857 (1953).
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ETHYL o-NITROBUTYRATE

(Butyric acid, a-nitro-, ethyl ester)
DMF

_—

Phloroglucinol

CH3CH2(IDHC02C2H5 + NaNO;

Br
CH3CH2?HC02C2H5 + NaBr

NO.

Submitted by Naraan KornruM and RoBerT K. BLACKwWOOD.!
Checked by James Cason, JoANNE Facaros, and WiLLiam G. DAUBEN.

1. Procedure

Ethyl a-bromobutyrate (58.5 g., 0.30 mole) (Note 1) is poured into
a stirred mixture of 600 ml. of N,N-dimethylformamide (DMF) (Note
1), 36 g. of sodium nitrite (0.52 mole) (Note 1), and 40 g. of anhydrous
phloroglucinol (0.32 mole) (Note 2) contained in a 1-1. three-necked
flask equipped with a sealed stirrer. The flask is closed, except for a
tube containing calcium chloride, and immersed in a water bath main-
tained at room temperature (Note 3). Stirring is continued for 2.5
hours (Note 4); then the reaction mixture is poured into 1.2 1. of ice
water layered over with 300 ml. of diethyl ether (Note 5). After sep-
aration of the upper layer, the aqueous phase is extracted with four
100-ml. portions of ether. The combined extracts are washed
with four 100-ml. portions of water and then dried over anhydrous
magnesium sulfate. The magnesium sulfate is removed by suction
filtration and washed with four 25-ml. portions of ether which are com-
bined with the filtered extract.

The ether is distilled through a small column (Note 6), under re-
duced pressure, from a 1-1. flask which is heated by a bath whose tem-
perature is gradually raised to about 60°. The residual yellow liquid
is transferred, with the aid of a little anhydrous ether, to a 100-mi.
flask, and the remaining solvent is distilled through the column under
reduced pressure.  Rectification of the residue yields 2-3 g. of fore-
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run boiling in the range 33-71°/1 mm. which is followed by 33-36
g. (68-759%,) of colorless ethyl a-nitrobutyrate, b.p. 71°/1 mm.,
np 1.4233 (Notes 7, 8, and 9).

2. Notes

1. The ethyl a-bromobutyrate employed was redistilled Eastman
Kodak white label material, b.p. 64°/15 mm., n}y 1.4479. Techni-
cal DMF (du Pont) was used, and the sodium nitrite was an analytical
grade.

Subsequent to the checking of this preparation, the submitters
reported that DMSO (dimethyl sulfoxide) may be a somewhat better
solvent for this preparation than is DMF. Since sodium nitrite is
more soluble in DMSO, only 250 ml. of this solvent is required for
the preparation. The more concentrated solution permits a reduction
in reaction time to about 1.5 hours.

2. Ringwood Chemical Corporation technical grade phloroglucinol
dihydrate was rendered anhydrous by heating for 3 hours at 110°. By
reacting rapidly with any ethyl a-nitritobutyrate formed, it prevents
nitrosation of the a-nitroester. In the absence of phloroglucinol all of
the ethyl a-nitrobutyrate is destroyed.??

3. The reaction mixture becomes homogeneous and turns deep red-
brown shortly after the addition of the a-bromoester. The deep
color is, presumably, due to nitrosated phloroglucinol; however, this
in no way interferes with subsequent isolation of product.

4. Two hours allows more than sufficient time for complete reaction.
Since the yield is not critically dependent on this factor, no attempt
was made to establish the minimum reaction time. Even after a
17-hour reaction time there is no decrease in yield.

5. Approximately 200 ml. of this ether is required to saturate the
aqueous DMF layer.

6. A 60 X 1-cm. externally heated column, packed with 1¢-in. glass
helices and equipped with a total reflux variable take-off head, was
used by the submitters.

7. Toward the end of the rectification the jacket of the column is
hcated to 90-95° in order to obtain the last few grams of product.

8. The ethyl «-nitrobutyrate dissolves rapidly in 109, aqueous
sodium hydroxide and dissolves completely in saturated aqueous
sodium carbonate on shaking for 2-3 minutes.
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9. This procedure has been applied successfully to the synthesis
of other a-nitroesters from o-bromoesters? as listed below; ethyl
bromoacetate is exceptional in that it fails to give ethyl nitroacetate.

SYNTHESIS OF a-NITROESTERS FROM @-BROMOESTERS

Reaction Yield,

a-Nitroester Time, hr. %
Ethyl a-nitropropionate 2 62
Ethyl a-nitrocaproate 5 74
Ethyl a-nitroisobutyrate * 44 78
Ethyl a-nitroisovalerate 150 67
Ethyl a-phenyl-a-nitroacetate 2.5 70

* No phloroglucinol employed.

3. Methods of Preparation

Ethyl a-nitrobutyrate may be prepared in 75% yield by the reaction
of silver nitrite with ethyl a-iodobutyrate.* It has been prepared in
189, yield by nitration and subsequent decarboxylation of diethyl
ethylmalonate.® The present method offers the advantage of a direct
preparation using sodium nitrite.

1 Department of Chemistry, Purdue University, West Lafayette, Indiana. This re-
search was supported, in part, by grants from the Explosives Department of E. I. du Pont
de Nemours' & Company, and, in part, by the United States Air Force under contract
No. AF 18 (600)-310 monitored by the Office of Scientific Research, Air Research and
Development Command.

2 Kornblum, Blackwood, and Mooberry, J. Am. Chem. Soc., 78, 1501 (1956).

3 Kornblum, Blackwood, and Powers, J. Am. Chem. Soc., 79, 2507 (1957).

4 Kornblum, Chalmers, and Daniels, J. Am. Chem. Soc., 77, 6654 (1955).

& Eicher, Ph.D. Thesis, Purdue University Libraries (1950); Ulpiani, 4#i. reale accad.
Lincei, [5]13, 11, 346 (1904).
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GLUTARIC ACID AND GLUTARIMIDE
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Submitted by G. Paris, L. BERLINGUET, and R. GAUDRY.!
Checked by James CasoN and EpwiN R. HARris.

1. Procedure

In a 500-ml. three-necked flask fitted with a sealed mechanical stirrer
and a reflux condenser are placed 86 g. (1 mole) of y-butyrolactone
(Note 1) and 72 g. (1.1 moles) of potassium cyanide (Note 2). Asthe
contents of the flask are stirred, the mixture is heated in an oil bath
for 2 hours at a temperature of 190-195° (Note 3). There is an initial
vigorous reaction which soon subsides. After the completion of the
heating period the mixture is cooled to about 100°, and the potassium
salt of the cyano acid is dissolved in about 200 ml. of hot water. The
warm solution is cautiously acidified to Congo Red by the addition of
about 90 ml. of concentrated hydrochloric acid. The resultant solu-
tion, which contains glutaric acid monoamide and potassium chloride,
is used to prepare glutaric acid or glutarimide.

Glutaric Acid. 'To the solution of monoamide is added 200 ml. of
concentrated hydrochloric acid, and the mixture is heated under re-
flux in the hood for 1 hour. The rcaction mixture is evaporated to
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dryness under reduced pressure, and the residue is dried by brief
heating on a steam bath at reduced pressure. The residual crystalline
solid is broken up, ground in a mortar, and extracted with four 200-ml.
portions of boiling chloroform. The combined hot extracts are filtered
by gravity through a fluted paper on a heated funnel and then concen-
trated to about 400 ml. After the solution has been cooled in water to
effect crystallization, the glutaric acid is collected by suction filtration,
washed with cold chloroform, and dried. The yield of slightly dis-
colored glutaric acid, suitable for many purposes, is 105-110 g. (79.5-
83.59,), m.p. 95-97°.

If a pure grade of glutaric acid is desired, it is decolorized by boiling
for about 1 hour with 10 g. of charcoal in water solution. The char-
coal is removed by filtration (Note 4), the water is evaporated under
reduced pressure, and the dry residue is recrystallized from chloroform.
The yield of white glutaric acid, m.p. 98-99°, is 94-99 g. (71-75%).

Glutarimide. The solution containing the monoamide is extracted
with six 50-ml. portions of ether. The ether solution is dried over
anhydrous sodium sulfate (or by filtering by gravity through a layer
of the drying agent), and then the ether is evaporated by heating on a
steam bath; the last portion is removed at reduced pressure. The oily
residue of glutaric acid monoamide is placed in a 300-ml. round-bot-
tomed flask which is fitted with a bent tube attached to a short con-
denser, and the flask is immersed in a bath (Note 5) held at 220-225°.
Heating is continued until water no longer distils (34 hours). The
cooled glutarimide is dissolved in about 200 ml. of water, and the
solution is boiled for about 30 minutes with about 2 g. of charcoal.
The charcoal is removed by filtration, water is removed by dis-
tillation at reduced pressure, and the dry residue is crystallized from
about 125 ml. of 959, ethanol, with final cooling in an ice bath. The
yield of glittering white crystals of glutarimide, m.p. 152-154°, is
65.5-73.5 g. (58-65%,) (Note 6).

2. Notes

1. Butyrolactone from Eastern Chemical Corporation, 34 Spring
Street, Newark 2, New Jersey, was used without purification.

2. Satisfactory results were obtained with potassium cyanide, 96—
989, purity, from General Chemical Company or with material in-
dicated as of 959, minimum purity, from Merck & Co., Inc. If
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potassium cyanide pellets are used, they should be pulverized before
use.

3. Since the reaction mixture is acidified after the heating period,
it is most convenient to carry out the reaction in a forced-draft hood
in order to provide protection against hydrogen cyanide. If higher
temperatures than those specified are used, the reaction may get out
of control during the initial vigorous reaction.

4. If filtration by gravity through a fluted paper fails to remove the
last traces of charcoal, the filtrate should be refiltered by suction
through a thin mat of filter aid such as Supercel.

5. The submitters used an oil bath. The checkers used a salt bath
consisting of an equimolar mixture of potassium nitrate and sodium
nitrite (Heat Transfer Salt). A salt bath should be handled only with
proper precautions, which include wearing goggles and gloves and
supporting the bath on a stand bolted to the bench.

6. This material is suitable for preparation of N-bromoglutarimide,
as follows. In a 1-l. beaker, provided with a mechanical stirrer, 65 g.
of potassium hydroxide is dissolved in 200 ml. of water. The vigorously
stirred solution is cooled to about —3° and as the temperature is
maintained below 0° there is added gradually 113 g. (1 mole) of glu-
tarimide and cracked ice. To this mixture is added in one portion
160 g. (1 mole) of bromine; then stirring is continued for 1 minute.
The mixture is filtered by suction, and the precipitate is dissolved in
hot water. On cooling, there crystallizes about 94 g. (49%,) of N-bro-
moglutarimide which melts at about 165°. This product is usually
suitable for use as a brominating agent. Pure N-bromoglutarimide,

m.p. 180-185°, is obtained only after several recrystallizations from
water.

3. Methods of Preparation

Other methods for preparing glutaric acid are cited in previously
published procedures for this compound.?

Glutarimide has been prepared from glutaric acid and sulfamide 3
or formamide,* by distillation of ammonium glutarate,® by hydrolysis
of pentanedinitrile with acetic acid,® and by oxidation of piperidine
with hydrogen peroxide.”

The present method, based on a recent publication,® offers a more
convcenient synthesis of glutaric acid and its imide, and the method may
be readily adapted to a large scale.
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1 Université Laval, Quebec City, Canada.

2 Org. Syntheses, Coll. Vol. 1, 289 (1944); Org. Syntheses, 30, 48 (1950).
3 Kirsanov and Zolotov, Zhur. Obshchei Khim., 20, 1145 (1950).

4 Sugasawa and Shigehara, J. Pharm. Soc. Japan, 62, 531 (1942).

&8 Bernheimer, Gazs. chim. dtal., 12, 281 (1882).

¢ Seldner, Am. Chem. J., 17, 532 (1895).

7 Wolffenstein, Ber., 25, 2777 (1892).

8 Paris, Gaudry, and Berlinguet, Can. J. Chem., 33, 1724 (1955).

n-HEPTAMIDE
(Heptanamide)
2%-CﬁH13C02H + HzNCONHg g 2%-C6H13CONH2 + C02 + HQO

Submitted by J. L. GutHrIE and NORMAN RABJOHN.!
Checked by WirLiam S. JoENSON and DUANE ZINKEL,

1. Procedure

In a 1-1. round-bottomed flask, fitted with a thermometer extending
nearly to the bottom, are placed 60 g. (1 mole) of urea and 69 g.
(0.5 mole) of 959, n-heptanoic acid (Note 1). A condenser (Note 2)
is attached to the flask, and the mixture is heated by means of an
electric mantle. When the temperature reaches 140°, the urea is in
solution, and a rather vigorous evolution of gas occurs which continues
for several minutes. The temperature is maintained at 170-180° for
4 hours (Note 3), and then the mixture is allowed to cool.

As soon as the temperature drops to 110-120°, 400 ml. of 5% sodium
carbonate solution is added carefully through the condenser, and the
mixture is shaken vigorously (Note 4). The mixture is cooled in an
ice bath, and the product is collected on a Biichner funnel. The solid,
when dry, is slightly colored, and weighs 57-64 g., m.p. 85-91°.

The crude material is boiled for a few minutes with 200 ml. of 959,
ethanol and a small amount of decolorizing carbon (Note 5). The
mixture is filtered by gravity, and 800 ml. of water is added to the
filtrate. The resulting slurry is cooled in an ice-salt bath and the
solid is collected by filtration on a Biichner funnel. The product,
which is almost colorless, is air-dried. It weighs 44-48 g. (68-74%)
and melts at 91-94° (Note 6). Evaporation of the filtrate under
reduced pressure and reprecipitation of the residue from 20 ml. of
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959, ethanol and 80 ml. of water affords an additional 34 g. (5-6%) of
material which melts at 90-93°.

2. Notes

1. Eastman Kodak Company, yellow label brand (959), n-hep-
tanoic acid was used.

2. A condenser should be chosen which has an inside diameter of at
least 1.5 cm.; otherwise frequent loosening of the sublimate is required
to prevent clogging. A 3-ft., air-cooled tube with an internal diameter
of about 2.5 cm. serves as a satisfactory condenser.

3. Temperatures below 170° lead to slightly lower yields, and tem-
peratures above 180° cause excessive sublimation of urea. Although
the reaction is nearly complete after 2 hours, the yield appears to be
improved by additional heating.

4. Failure to make the mixture basic leads to the formation of a
greasy, colored product.

5. A small amount of solid does not dissolve in the alcohol.

6. Recrystallization from dilute ethanol affords colorless material,
m.p. 94-95°.

3. Methods of Preparation

Heptamide has been prepared by heating heptanoic acid with
ammonia in a sealed tube ? at 230°, by treating heptanoic anhydride
with ammonia,? by passing ammonia through heptanoic acid 4 at
125-190°, by the rearrangement of heptaldehyde oxime in the presence
of Raney nickel in a quartz tube at 150° for 5 minutes,® by the Will-
gerodt reaction with 2-, 3-, or 4-heptanone or heptanal,®” and by the
action of ammonia on heptanoyl chloride.®

The procedure described is based on the method of E. Cherbuliez
and F. Landolt,® by which formic and acetic acids were converted into
the corresponding amides.

1 University of Missouri, Columbia, Missouri.

2 Hofmann, Ber., 15, 979 (1882).

3 Chiozza and Malerba, 4#nn., 91, 103 (1854).

4+ Mitchell and Reid, J. Am. Chem. Soc., 53, 1879 (1931).

5 Paul, Bull. soc. chim., [5]4, 1115 (1937).

8 Cavalieri, Pattison, and Carmack, J. Am. Chem. Soc., 67, 1783 (1945).

7 King and McMillan, J. Am. Chem. Soc., 68, 1369 (1946).

8 Philbrook, J. Org. Chem., 19, 623 (1954).

YCherbulicz and Landolt, Helv. Chim. Acta, 29, 1438 (1946).
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3-n-HEPTYL-6-CYANOCYTOSINE
[2(1)-Pyrimidone, 3-n-heptyl-4(3)-imino-6-cyano]
1n-C;HsNH, + HCl + NaCNO — #-C;H;sNHCONH, + NaCl
C;HsNHCONH,; + HC(OCzHj;)3 + HoC(CN)y —
C;H;;NHCONHCH==C(CN), + 3C,H;O0H

(i37H15
N
7N\
NHCH—C(CNy, - e, O=¢
C7HisNHCONHCH=C(CN); —_~-—-> Hll} b en
ANV 4
7
H

Submitted by BArBARA B. KEuM and CALVERT W. WHITEHEAD.!
Checked by M. S. NEwMaN and K. G. IT#rRMAN.

1. Procedure

A. N-n-Heptylurea. To a mixture of 24.1 g. (0.21 mole) of n-hep-
tylamine (Note 1), 35 g. of cracked ice, and 150 ml. of ice-cold water
is added 38 ml. of 5 N hydrochloric acid (Note 2) with stirring. The
mixture is heated on the steam bath at 70-80°, and 14.3 g. (0.22 mole)
of sodium cyanate is added portion-wise. After 2-4 hours of con-
tinued heating, two layers separate. The product crystallizes on
standing overnight at room temperature. It is collected on a Biichner
funnel, washed with 100 ml. of cold water, and drained as dry as prac-
tical by suction. This solid is dissolved in 125 ml. of boiling ethyl
acetate, and the resulting solution is cooled to room temperature. The
white crystalline N-z-heptylurea is filtered and dried on a porcelain
plate at room temperature. A yield of 28.5-29.5 g. (86-889) of
product melting at 110-111° is obtained (Note 3).

B. 3-n-Heptylureidomethylenemalononitrile. In a 250-ml. round-
bottomed flask fitted with a heating mantle and a reflux condenser
are placed 28.5 g. (0.18 mole) of N-n-heptylurea, 11.9 g. (0.18 mole)
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of malononitrile (Note 4), and 26.7 g. (0.18 mole) of triethyl ortho-
formate (Note 4). The mixture is heated under reflux for 2 hours and
then cooled in ice. The solid product is collected by suction filtration
on a Biichner funnel. The filtrate is concentrated on the steam bath
to incipient crystallization, cooled, and filtered. The two lots of tan

,solid, 41-42 g., thus obtained are dissolved in 75 ml. of 759, ethyl

alcohol in a 250-ml. beaker, 2 g. of decolorizing carbon is added, and
the mixture is boiled for 2-3 minutes with constant stirring (necessary
to avoid vigorous bumping). The hot solution is filtered by gravity
into a 250-ml. Erlenmeyer flask through fluted filter paper. The
flask is stoppered and cooled in the refrigerator for 4 hours. The solid
product is collected by suction filtration on a Biichner funnel and
washed four times with 10-ml. portions of distilled water. The white
crystalline 3-u#-heptylureidomethylenemalononitrile is dried at 50° in a
vacuum oven. It melts at 130-132° and amounts to 33.8-34.8 g.
(80-839%,) (Note 5).

C. 3-n-Heptyl-5-cyanocytosine. In a 250-ml. Erlenmeyer flask are
placed 33.8 g. (0.145 mole) of 3-n-heptylureidomethylenemalononitrile
and 70 ml. of methanol; then 8.5 g. (0.16 mole) of sodium methoxide
(Note 6) is added carefully in small portions (Note 7). The resulting
solution is allowed to stand at room temperature for 3 days in the
stoppered flask. The contents of the flask are dissolved in 300 ml. of
cold water in an 800-ml. beaker, and the solution is stirred as 11 ml. of
glacial acetic acid is added. The precipitated solid is collected by
suction filtration on a Biichner funnel and washed with three 40-ml.
portions of distilled water. The undried product is dissolved in 600
ml. of hot ethyl alcohol; then the solution is filtered into a 1-1. flask by
gravity through a fluted filter paper, concentrated on the steam bath
to 200 ml., and cooled in the refrigerator for 4 hours. The 3-n-heptyl-
5-cyanocytosine crystallizes in white needles, melts at 192-197° (Note
8), and amounts to 29.7-31.1 g. (88-929;) (Note 9).

Recrystallization of 20 g. of this product from 230 ml. of hot ethyl
alcohol affords 17.8 g. of fine colorless needles, m.p. 199.5-202.5°.

2. Notes

1. n-Heptylamine is available from Sapon Laboratories, 543 Union
Street, Brooklyn 15, New York, and from Distillation Products In-
dustrics, Rochester 3, New York.
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2. If excess acid is present, considerable foaming may occur on
addition of sodium cyanate.

3. The melting point for N-n-heptylurea given in the literature *
is 110-111°.

4. Commercially available reagents were employed.

5. The melting point for #-heptylureidomethylenemalononitrile is
reported 3 to be 130-132°. An additional 1-1.5 g. may be obtained by
evaporating the filtrate to a volume of 100 ml.

6. Solid sodium methoxide is available from Mathieson Chemical
Corporation, Niagara Falls, New York. Alternately a solution pre-
pared by dissolving 3.6 g. of sodium in 70 ml. of methanol may be used.

7. Upon addition of solid sodium methoxide to the methanol solution
considerable heat is evolved.

8. The melting point of 3-n-heptyl-5-cyanocytosine is given in the
literature ¢ as 200°.

9. The submitters obtained comparable yields in all steps using
1442 g. (1.25 moles) of heptylamine and correspondingly larger
amounts of all reagents.

3. Methods of Preparation

N-n-heptylurea has been prepared by the action of nitrourea on
n-heptylamine.

3-n-Heptyl-5-cyanocytosine has been prepared by a variation of this
procedure by Whitehead.*

The procedure described here has given equally good yields of
other 3-alkyl-5-cyanocytosines and 3-cycloalkyl-5-cyanocytosines;
however, it does not yield 3-aryl-5-cyanocytosines from arylureas.

1 Eli Lilly & Company, Indianapolis, Indiana.

2 Forselles and Wahlforss, Ber., 25 Referate, 636 (1892).

3 Whitehead, J. Am. Chem. Soc., 75, 674 (1953).

4 Whitehead and Traverso, J. Am. Chem. Soc., 77, 5871 (1955).
5 Tseng and Ho, J. Chinese Chem. Soc., 4, 335 (1936) [C. 4., 31, 1011 (1937N)].
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4-HYDROXY-1-BUTANESULFONIC ACID SULTONE
(1-Butanesulfonic acid, 4-hydroxy-, §-sultone)
/(CH2)4CI (CHg2)4S03Na
0] + 2NapS03 ——— O/ + 2NaCl

AN
(CH;)4Cl1 (CH,)4S0O3Na
(CH2)4803Na CHZ—CHz

1. H* (resin)

7
@ ————— 2CH,

2. Heat \ /O
(CHy)4SO3Na CH,—SO0,

Submitted by A. O. Sxoppy.!
Checked by T. L. CAmrNs and W. R. BRASEN.

1." Procedure

A mixture of 132.5 g. (1.05 moles) of sodium sulfite, 99.5 g. (0.5
mole) of bis-4-chlorobutyl ether (Note 1), and 450 ml. of water is
placed in a creased 1-1. three-necked flask fitted with an efficient
sealed stirrer and a reflux condenser. The third neck of the flask is
closed with a stopper, and the mixture is heated and stirred vigorously
under reflux until the ether has dissolved (Note 2). At the end of this
time, heating is discontinued, and 60 ml. of concentrated c.p. hydro-
chloric acid is cautiously added to the solution. The mixture is then
boiled with stirring until sulfur dioxide is no longer evolved. Solid
barium chloride dihydrate (or a 109} aqueous solution of this salt) is
added to the hot solution (Note 3) until all sulfate has been precipi-
tated; then the barium sulfate is removed by suction filtration through
a layer of filter aid.

The filtered solution is diluted to 2 1. with water and passed through
a column of ion-exchange resin (Notes 4 and 5). A test portion of the
effluent should yield no ash on evaporation and ignition of the residue.
The column is washed with water until the effluent is no longer acid
to litmus, and the washings are added to the original eluent. The
total cluent is cvaporated (Note 6) at reduced pressure (water aspi-
rator) until the volume is about 250 ml.; then it is transferred to a
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500-ml. pot which is equipped for vacuum distillation and attached to
a short Vigreux column. After most of the remaining water and
hydrochloric acid have been removed at the pressure obtainable with
an aspirator, an oil pump is attached (Note 7), and the heating bath
is cautiously raised to a temperature in the range 130-150°. The
distillate is allowed to stand in a separatory funnel until the layers
have separated (several hours may be required), then the crude sultone
is withdrawn and distilled (Note 8) at reduced pressure. The yield
of sultone, b.p. 134-136°/4 mm., is 99-109 g. (72-80%), ney 1.4619-
1.4625, d?° 1.3347, m.p. 12.5-14.5°.

2. Notes

1. Material supplied by Matheson, Coleman and Bell was used
without purification.

2. This reaction may be carried out under pressure in a rocking
autoclave at 180° in about 8 hours. When it is carried out under
reflux with vigorous stirring in a creased flask it is complete in about
20 hours, whereas 50~60 hours are required if an ordinary flask is used.

3. Any sulfate ions resulting from oxidation of sulfite should be
removed; otherwise they will be converted to sulfuric acid in the sub-
sequent procedure and destroy sultone. Ordinarily, 12-13 g. of barium
chloride dihydrate is required. The end point of the addition is con-
veniently determined with tetrahydroquinone indicator used in spot
tests on filter paper [cf. Ind. Eng. Chem., Anal. Ed., 9, 331 (1937)].

4. Rohm & Haas Amberlite IR-120, which has been developed with
3 N hydrochloric acid and then washed free from chlorides with water,
is used in the form of a column 6 cm. in diameter and 55 cm. in length.
Such a column contains approximately 1.1 kg. of resin (509 moisture)
and is equivalent to about 2.2 moles of hydrogen chloride.

5. The checkers found that the procedure of Helberger and Lan-
terman,” which avoids the use of an ion-exchange resin, is also satis-
factory in case it is regarded as inconvenient to set up the resin column.
According to this procedure, after completion of the reaction with
sodium sulfite, anhydrous hydrogen chloride is passed into the hot
solution to liberate sulfur dioxide. After removal of sulfate as in the
described procedure, the undiluted aqueous solution is saturated with
hydrogen chloride gas at a temperature below 25°. The precipitated
sodium chloride is removed by suction filtration, the filter cake is
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washed with two 50-ml. portions of 12 N hydrochloric acid, and then
the combined filtrate and washings are worked up as described for the
eluent from the resin column.

6. The checkers found that satisfactory results may also be ob-
tained if the water is evaporated by heating the solution on a steam
bath as air is aspirated through it.

7. At the bath temperature specified, and low pressure, dehydration
and distillation occur; if a pressure of about 4 mm. is maintained, the
vapor temperature is in the range 132-138°. The temperature of the
bath should be raised slowly and with caution, or else the contents of
the pot may froth through the column into the distillate. The receiver
should be cooled in a Dry Ice-acetone bath to prevent vapors from
reaching the oil pump.

8. Water is nearly insoluble in the sultone. The small amount of
water and a very volatile impurity which are present in the crude
sultone distil rapidly before the sultone is collected. An efficient cold
trap should be used to protect the pump from the volatile materials.

3. Methods of Preparation

4-Hydroxy-1-butanesulfonic acid sultone has been made through
the chlorosulfonation of 1-chlorobutane,?® from 4-chlorobutyl acetate >4
which is prepared through the reaction of tetrahydrofuran and acetyl
chloride,? from 4-chlorobutanol* and from bis-4-chlorobutyl ether.?
Both 4-chlorobutanol and bis-4-chlorobutyl ether can be prepared from
tetrahydrofuran.s

The described procedure is based on the method of Helberger and
Lanterman.?

1 The Procter & Gamble Company, Miami Valley Laboratories, Cincinnati 31, Ohio.

2 Helberger and Lanterman, Ann., 586, 158 (1954).

3 Helberger, Manecke, and Fischer, Ann., 562, 23 (1949); Helberger, Manecke, and
Heyden, Ann., 565, 22 (1949).

4 Truce and Hoerger, J. Am. Chem. Soc., 76, 5357 (1954).

5 Org. Syntheses, 30, 27 (1950).
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ISOPHORONE OXIDE
(Cyclohexanone, 2,3-epoxy-3,5,6-trimethyl-)

I |

NaOH
+ H,0p —— O + H,0
(CH3>ZOCH3 22 (CHy)s ik

\CH3

Submitted by RicearD L. WassoN and HErBERT O. Houskg.!
Checked by JaMes CasoN and RALPH J. FESSENDEN.

1. Procedure

In a 1-1. three-necked flask, equipped with a dropping funnel, a
mechanical stirrer, and a thermometer, is placed a solution of 55.2
g. (0.4 mole) of isophorone (Note 1) and 115 ml. (1.2 moles) of 309,
aqueous hydrogen peroxide (Caution! avoid coniact with skin) in 400
ml. of methanol. After the contents of the flask have been cooled to
15° by means of an ice bath, 33 ml. (0.2 mole) of 6 N aqueous sodium
hydroxide is added, dropwise and with stirring, over a period of 1
hour. During the addition the temperature of the reaction mixture is
maintained at 15-20° with a bath of cold water (Note 2). After the
addition is complete, the resulting mixture is stirred for 3 hours as the
temperature of the reaction mixture is maintained at 20-25° (Notes
3 and 4). The reaction mixture is then poured into 500 ml. of water,
and the resulting mixture is extracted with two 400-ml. portions of
ether. The combined extracts are washed with water and dried over
anhydrous magnesium sulfate. After the bulk of the ether has been
removed by distillation (or flash distillation) through a 30-cm. Vigreux
column (Note 5) at atmospheric pressure, the residual liquid is distilled
through the Vigreux column under reduced pressure. The yield of
isophorone oxide (Note 4) is 43-44.5 g. (70-729,), b.p. 70-73°/5 mm.,
np 1.4500-1.4510.

2. Notes
1. A technical grade of isophorone, b.p. 80-84°/9 mm., n 1.4755,

purchased from Eastman Kodak Company, was employed for this
preparation.
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2. If the temperature of the reaction mixture is less than 15°, the
reaction does not begin. When the resulting mixture is subsequently
warmed to room temperature the exothermic reaction which results is
difficult to control (Note 3).

3. If the temperature of the reaction mixture is allowed to rise above
30°, the yield of isophorone oxide is diminished.

4. If desired, the course of the reaction may be followed by means of
the optical density of the reaction mixture at 235 mu. The ultraviolet
spectrum of isophorone has a maximum at 235 mu (e 13,300) ; the ultra-
violet spectrum of isophorone oxide has a maximum at 292 mpu (e 43).
A total reaction time of 4 hours under the conditions specified was
found to be ample for the complete conversion of isophorone to its
oxide. If the conversion is not complete, the product cannot be sepa-
rated from the unchanged isophorone without recourse to precise
fractional distillation. The absence of isophorone from the final prod-
uct may be verified by examination of the spectrum at 235 mu.

5. When the checkers distilled the product through a simple type
of Podbielniak column of 65-cm. length, with heated jacket and partial
reflux head, the boiling range was 1°, 74-75°/6 mm., but the yields and
index of refraction were the same as those reported by the submitters.

3. Method of Preparation

Isophorone oxide has been prepared by the epoxidation of isophorone
with alkaline hydrogen peroxide.*3
! Massachusetts Institute of Technology, Cambridge 39, Massachusetts.

2 Treibs, Ber., 66, 1483 (1933).
3 House and Wasson, J. Am. Chem. Soc., 79, 1488 (1957).
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3-METHYLOXINDOLE
(Oxindole, 3-methyl-)

A ONHNHz + (CH;CH,CO);0
. —

ONHNHCOCHQCH;; + CH3;CH,COH

o i
i
5 O T cm —C—CH,
‘ NH—NH—C=0 —o +NH:
/=0
N
]
H

Submitted by ABrarAM S. ENDLER and ERNEST 1. BECKER.!
Checked by James CasoN and WARREN N. BAXTER.

1. Procedure

A. B-Propionylphenylhydrazine. To 130 g. (1.0 mole) of propionic
anhydride (Note 1), contained in a 500-ml. wide-mouthed Erlenmeyer
flask which is cooled in an ice bath, there is added slowly with swirling
108 g. (1.0 mole) of phenylhydrazine (Note 1) at such a rate that the
maximum temperature does not exceed 60°. After addition is com-
plete, the flask is corked (not so tightly as to give a vacuum which may
collapse the flask) and allowed to stand 72 hours at room temperature.
At the end of this period, the resultant solid cake is broken up and
slurried with 100 ml. of toluene. The suspension is cooled to 5° in
an ice bath; then the product is collected by suction filtration and
washed with 200 ml. of a mixture of equal parts of cyclohexane and
toluene, precooled to 5°. The yield of vacuum-dried, almost white
crystals, m.p. 158-159°, is 140-145 g. (85-889).

B. 3-Methyloxindole. A mixture of 33 g. (0.20 mole) (Note 2) of
B-propionylphenylhydrazine and 14 g. (0.33 mole) of freshly ground
commercial calcium hydride (Note 3) is placed in a 500-ml. round-
bottomed flask, which is cquipped with a 15-cm. air condenser of

3-METHYLOXINDOLE 61

2.5 cm. diameter. The flask is immersed to two-thirds its depth in an
oil bath, in a forced-draft hood, and the bath is heated, cautiously as
190° is approached. In the range 190-215°, a very vigorous exother-
mic reaction sets in (sometimes after a brief delay), and considerable
gas and vapor is expelled through the air condenser. The vigorous
reaction abates in 5 minutes or less, and the oil bath is raised to about
230°. After heating at this temperature has been continued for 30
minutes, the flask is removed from the bath and cooled to room tem-
perature.

A mixture of 50 ml. of methanol and 20 ml. of water is cautiously
added to the cooled reaction mixture, and this is followed by slow
addition of concentrated hydrochloric acid (Note 4) until the pH is
brought to 1-2 (Hydrion test paper). When effervescence has stopped,
50 ml. of water is added, and the contents of the flask are boiled
gently for 1 hour. Additional concentrated hydrochloric acid is added
as needed to maintain the specified pH (Note 5). At this point, all
solid material should have been decomposed. The mixture is trans-
ferred to a 600-ml. beaker, using 10 ml. of methanol to wash out the
flask, sufficient sodium hydroxide is added (Note 6) to bring the pH
to about 3 (Hydrion test paper or more accurately with methyl orange
indicator), and water is added to bring the volume to about 300 ml.
The mixture is stirred in an ice bath until the oily layer solidifies, and
the crude crystalline material is collected by suction filtration at
about 15° and washed with 100 ml. of water. After vacuum drying
at 70°, the yield of crude product is 16-19 g., but this material should
be purified before further use.

The crude product is distilled in a short-path distillation apparatus
composed of a 125-ml. Claisen flask connected by a ground-glass joint
to a receiver which is a 300-ml. round-bottomed flask with side tubula-
ture for evacuation. A 50-g. portion (Note 7) of crude 3-methyloxin-
dole is placed in the distillation flask, which is completely immersed
in an oil bath. The product is collected at approximately 132°/1.5
mm. The solid distillate is dissolved in 75 ml. of hot methanol, then
25 ml. of hot water is added. After crystallization has been continued
for 24 hours at about 20°, there is obtained 35-37 g. (41-449, from
B-propionylphenylhydrazine) of light-yellow crystals, m.p. 122.5-
123.5° (softening at 121.5°) (Note 8). Five grams of less pure material
is recoverable from the mother liquor and may be distilled with a
succeeding batch.
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2. Notes

1. Phenylhydrazine and propionic anhydride from Fisher Scientific
Company were used without purification by the submitters. The
checkers distilled the propionic anhydride before use, since old samples
contained considerable propionic acid.

2. The ring closure is so highly exothermic that runs no larger than
that described are recommended. Several lots may be combined for
distillation, as suggested in the description.

3. The checkers used 40-mesh calcium hydride, from Metal Hy-
drides, Inc. The submitters report that there may also be used freshly
ignited lime (22 g., 0.39 mole), but with a reduction of 10-20%, in the
yield.

4. The amount of concentrated hydrochloric acid is usually 40 ml.
or more, depending on the quality of the calcium hydride.

5. This procedure is for the purpose of hydrolyzing unchanged
starting material.

6. The final pH is brought to about 3 in order to minimize the
solubility of 3-methyloxindole in strong acid without precipitating the
phenylhydrazine which is present at this point.

7. The checkers obtained the same yields when the product of a
single ring closure was distilled and crystallized.

8. After two crystallizations from butanol and two from toluene, the

product may be obtained in about 259, recovery as white crystals of
m.p. 123.8-124.6°.

3. Methods of Preparation

3-Methyloxindole has been prepared by the reduction of a-(2-nitro-
phenyl)propionic acid,? by heating B-propionylphenylhydrazine with
lime * or with sodium alkoxides,* and by reduction of the benzoyl
derivative of oxindole-3-aldehyde.®

! Department of Chemistry, Polytechnic Institute of Brooklyn, Brooklyn, New York.

2 Trinius, Ann., 227, 274 (1885).

3 Brunner, Monatskh., 18, 533 (1897).

4C. F. Boehringer and Sthne (Waldhof b. Mannheim), Ger. pat. 218,727, Kl. 12p.,
Jan. 10, 1910 [Friedlander, 9, 968 (1908-1910)].

§ L. Horner, Ann., 548, 134 (1941).
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NICOTINAMIDE-1-OXIDE

7 comt 7 NCONH
ICONH2 CH;CO5H @CO 2 4 1,0
N H0:

|
¢

Submitted by E. C. TAYLOR, Jr.,! and ALpO J. CROVETTL?
Checked by CuaRLES C. Price and WALTER A. SCHROEDER.

1. Procedure

In a 2-1. round-bottomed flask with ground-glass joint (Note 1) are
placed 100 g. (0.82 mole) of powdered nicotinamide (Note 2) and 1 1.
of c.p. glacial acetic acid, and the mixture is warmed with occasional
shaking on a steam bath until a clear solution is obtained. To this
mixture is added 160 ml. (1.39 moles) of cold 309, hydrogen peroxide.
An air condenser is attached to the reaction flask, and the mixture is
heated on a steam bath for 3.5 hours.

The reaction mixture is then distilled under reduced pressure (80—
100 mm.) (Note 3). After 600-700 ml. has distilled, the mixture is
diluted with 150-200 ml. of distilled water and the distillation is
continued. The product separates near the end of the distillation,
causing somewhat vigorous bumping for a short period. When the
bumping has almost ceased, the pressure is reduced to 20 mm. and the
distillation continued almost to dryness (Note 4).

The major portion of wet solid is removed from the flask and trans-
ferred to a 1-1. Erlenmeyer flask. The remaining solid is washed out
with a little distilled water, and the washings are transferred to the
flask. The solid is dissolved in the smallest amount of boiling water
required, the flask removed from the heat source, and 50 ml. of ethyl
alcohol added (Note 5). The flask is allowed to cool slowly, and,
after the major portion of the product has separated, the flask is
cooled to 5° overnight. The solid is removed by filtration and washed
with cold alcohol, then acetone, and finally ether. The white, crystal-
line, air-dried product weighs 82-93 g. (73-82%,), m.p. 291-293° dec.
(rapid heating); the compound starts to turn brown at about 280-285°
(Note 6).
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2. Notes

1. Since hydrogen peroxide attacks rubber stoppers, glass-jointed
equipment is recommended.

2. v.s.p. Niacinamide (Mallinckrodt) was used.

3. For the distillation, the still head consisted of a Claisen-type
adapter with a parallel side arm (24/40 standard taper joints), 21 cm.
high and 10.5 cm. wide. An ordinary straight still head is attached
to the parallel side arm. This large still head prevents any bump-
ing solid from entering the condenser.

4. Distilling to complete dryness exposes the solid to prolonged
heating and causes oxidation of the product, which is obtained colored
and in lower yield.

5. The alcohol serves to retain the brown color upon recrystallization
and to decompose any excess hydrogen peroxide.

6. Because of the questionable value of the melting point as a cri-
terion of purity, the checkers analyzed two samples of the product:

Calcd. for C¢HgN,O: C, 52.17; H, 4.34. Found (Sample 1): C, 52.34;

H,4.44. Found (Sample 2): C, 52.61, 52.63; H, 4.46, 4.53.

3. Methods of Preparation

The procedure given is essentially that described by Taylor and
Crovetti?* Nicotinamide-1-oxide (m.p. 275-276° dec.) has also been
prepared by the alkaline hydrolysis of nicotinonitrile-1-oxide ¢ and
by the action of ammonium hydroxide on methyl nicotinate-1-oxide.s
The melting point of the product prepared by the latter synthesis is
reported to be 282-284° dec.

! Frick Chemical Laboratory, Princeton University, Princeton, New Jersey.

2 Noyes Chemical Laboratory, University of Illinois, Urbana, Illinois.

3 Taylor and Crovetti, J. Org. Chem., 19, 1633 (1954).

4 Jujo, J. Pharm. Soc. Japan, 66, 21 (1946) [C. A., 45, 6200 (1951)].

5 Shimizu, Naito, Ohta, Yoshikawa, and Dohmori, J. Pharm. Soc. Japan, 72, 1474
(1952) [C. A., 47, 8077 (1953)].
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NORBORNYLENE
(Bicyclo[2.2.1]hept-2-ene)

[ + wmman— o)

Submitted by J. MEINwALD and N. J. Hupak.!
Checked by J. D. Roserts, C. M. SrARTS, and W. G. Woobs.

1. Procedure

A 1-1. steel bomb is charged with 200 g. (1.51 moles) of dicyclo-
pentadiene (Note 1). The bomb is flushed with ethylene (Note 2)
and then filled while shaking to an initial pressure of 800-900 p.s.i. at
25°. Shaking is continued as the bomb is slowly heated (Note 3) to
190-200° and maintained at this temperature for 7 hours (Note 4).
At the end of this period, the reaction vessel is cooled and vented, and
the crude product is transferred into a simple distillation apparatus
(Note 5). A fraction boiling between 93° and 100° is collected, yield
162-202 g. (57-719,, based on dicyclopentadiene) (Note 6). The
norbornylene may be redistilled with negligible losses to give a final
product, b.p. 94-97°/740 mm., m.p. 44-44.5° (sealed capillary).

2. Notes

1. The dicyclopentadiene used by the submitters was supplied by
the Enjay Company. No preliminary purification is required. Tech-
nical (859) dicyclopentadiene has been found by the checkers to
give 54-569, yields of norbornylene without preliminary purification.

2. c.p. grade ethylene was obtained from the Matheson Company.

3. To avoid complications due to the exothermic nature of this
reaction,? a rate of heating of about 50° per hour was adopted (cf.
Note 6).

4. Near 180°, the maximum pressure (about 2350 p.s.i.) is developed.

5. In spite of the low melting point of norbornylene, the product has
a remarkable tendency to crystallize.  Care should therefore be taken
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to prevent premature solidification of the distillate. A short-path, air-
cooled assembly using rather wide-diameter tubing is convenient for
this purpose.

6. The submitters report the same yields using a 3-1. bomb and
3.68 moles of dicyclopentadiene. Larger-scale preparations may
necessitate special control procedures.

3. Methods of Preparation

The procedure described above is essentially that of Thomas.? Nor-
bornylene has also been prepared by the additon of ethylene to mono-
meric cyclopentadiene ? [Org. Syntheses, 32, 41 (1952)], by dehydration
of B-norborneol with phosphorus pentoxide,* and by dehydrohalogena-
tion of norbornyl chloride or bromide using quinoline. 5

! Department of Chemistry, Cornell University, Ithaca, New York.

% Thomas, Ind. Eng. Chem., 36, 310 (1944); Thomas and Universal Oil Products, U. S.
pat. 2,340,908 [C. 4., 38, 4273 (1944)].

3 Joshel and Butz, J. Am. Chem. Soc., 63, 3350 (1941).

* Komppa and Beckmann, Ann., 512, 175 (1934).
5 Alder and Rickert, Ann., 543, 10 (1940).

OLEOYL CHLORIDE

1n-C17H33COsH + SOCly — #-Cy7H33COCI 4 SO, + HCI

Submitted by C. F. H. ALLEN, J. R. BvErs, Jr., and W. J. HUMPHLETT.!
Checked by Max TisHLER and R. CONNELL.

1. Procedure

Seventy grams (0.25 mole) of oleic acid (Note 1) is placed in the
dropping funnel H of the tangential apparatus (Fig. 2; Note 2). The
thionyl chloride distillation is started and regulated (Note 2); the
upper part of the column should be filled with the vapor, and reflux
should be constant and steady. The acid is dropped in at the top of
the column over a period of 35 minutes (120 g. per hour). The product
that collects in the receiver I contains about 25-279%, of thionyl chlo-
ride (Note 2) if the heated lower leg K is employed. The product in
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Friedrichs
L4+ condenser

F16. 2.
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receiver I is heated on a steam bath under reduced pressure until
the more volatile components are completely removed. The residue
of crude acid chloride weighs 72-74 g. (97-999, yield). The infrared
spectrum of this product shows no trace of a carboxyl band (Notes
1, 3, and 4).

The crude acid chloride will serve for most purposes. It can be
distilled at very low pressures (b.p. 99-109°/25 u) to yield a water-
white product; ny 1.4580-1.4613 (Note 5). Small amounts of oleoyl
chloride may be distilled at higher pressures; b.p. 180-185°/1-2 mm.
The infrared absorption curve of the oleic acid obtainable by hydroly-
sis is the same as that of the oleic acid used; thus no isomerization
during the reaction is indicated.

2. Notes

1. The oleic acid used by the submitters had a freezing point of
—2°to +13° and a boiling point of 182-187°/1-2 mm. It was a 909,
middle cut from Emerson 233 as obtained from Emery Industries,
Inc., Cincinnati, Ohio. The checkers found that the amount of color
in the product was a function of the purity of the oleic acid. The prod-
uct from distilled Emerson 233 was dark red-brown, whereas that from
a purified grade of oleic acid was pale yellow.

2. The tangential apparatus 2 is built from stock pieces of glassware
having 24/40 standard taper glass joints, and it is clamped to two
ring stands. The reactor consists of a column 50 cm. long and 2 cm.
inside diameter, packed with 14-in. glass helices of the type used for
packing distillation columns, and wrapped with a 275-watt flexible
heating tape 4, 6 ft. long and 14 in. wide, with lead wires connected
to a variable transformer such as the Powerstat or Variac, which is
attached to a source of 110-volt power. Near the bottom of the column
is a heated side arm connection B to a three-necked flask reservoir C.
The use of the leg K, wrapped with a heating tape, removes much of
the excess of thionyl chloride and is particularly advantageous with
acid chlorides (such as oleoyl chloride) that are sensitive to heat. The
crude effluent from the reactor ordinarily contains 40-509,, of thionyl
chloride, which is reduced one-half or more by this leg. It is not
essential for use with chlorides insensitive to heat. Vapor supplied
by boiling the liquid in the reservoir is forced to circulate via B through
the column by sufficient heat input to the column and the lower leg
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.K; the excess escapes at the top through the side arm D which is

connected to a Friedrichs condenser E. The bottom of the condenser
is connected to a Y-shaped section with an outlet F for effluent gas and
a return G which extends below the surface of the liquid in the reser-
voir. At the top of the column is a 250-ml. dropping funnel A for
admitting reactants to the column. Since oleic acid is a liquid at
room temperature, heating of this funnel is not required in the present
preparation. At the bottom of the column is a 500-ml. flask I for
recelving the product.

3. Other acid chlorides can be prepared similarly. (a) Palmitoyl
chloride: Palmitic acid is a solid at room temperatures (m.p. 61-62°)
and is not sufficiently soluble in palmitoyl chloride or thionyl chloride,
and so these cannot be used as solvents. It is admitted to the reactor
in the melted condition by warming the acid in the dropping funnel H.
The quality of the chloride naturally depends on the homogeneity of
the starting acid; palmitic acid usually contains a little stearic acid,
which does not affect the melting point. Palmitoyl chloride, #%
1.4489, can be obtained as a water-white product by distillation at
very low pressures (b.p. 110°/15-24 u), or with negligible decomposi-
tion at boiling points as high as 165°.

(b) Ricinoleoyl chloride: b.p. 205-210°/8 mm., 125-130°/25 u; #h
1.4759; this substance decomposes significantly at the higher distil-
lation temperature.

(¢c) 2,4-Di-tert-amylphenoxyacetyl chloride: In this instance, the cor-
responding solid acid (20 g.) is dissolved in the acid chloride (80 g.)
as a solvent and admitted at the rate of 70 g. of acid per hour. The
crude acid chloride, after removal of the excess thionyl chloride,
contains about 19 of unchanged acid (infrared determination). The
yield of distilled acid chloride, b.p. 143-146°/2 mm., x5 1.5062,
is 859%.

4, The described procedure is not suitable for all acids. For in-
stance, the acid chloride must not have a boiling point so near that
of thionyl chloride that they are inseparable by distillation. Certain
high-molecular-weight acids give dehydration products, presumably
diketenes: e.g., behenic and dihydroxystearic acids.

5. The refractive index will vary with the purity of the oleic acid.
Oleic acid purified by low-temperature crystallization and by conver-
sion into the oleic acid-urea complex (95.3%, oleic, 0.7, linoleic)
yiclded a product with iy 1.4613.
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3. Methods of Preparation

This modification of the continuous reactor (cf. benzoylacetanilide,
p. 2) with countercurrent distillation is preferred for reactions in
which a large amount of solvent or excess of one reactant is essential,
but increase of total volume is undesirable. It is especially useful
if the substances involved are heat-sensitive; with this apparatus the
reactants are heated for only a few minutes at most. It is particularly
applicable to the preparation of acid chlorides from carboxylic acids
and thionyl chloride (cf. Notes 3 and 4). An indefinite amount of
product can be prepared by replenishing the reactants as they are
consumed.

Oleoyl chloride has been prepared by treatment of oleic acid with
thionyl chloride,® phosphorus trichloride or pentachloride, and oxalyl
chloride.* The highest yield (869,) reported was secured by use of
oxalyl chloride in carbon tetrachloride, but the more economical
phosphorus trichloride gave a yield of 609,. The standard pro-
cedures for obtaining aliphatic acid chlorides have been described
many times without inclusion of details other than physical properties.
Only references to the procedures useful in the laboratory are given.

1 Eastman Kodak Company, Rochester, New York.

2 Allen, Byers, Humphlett, and Reynolds, J. Ckem. Educ., 32, 394 (1955).

3 Verkade, Rec. trav. chim., 62, 393 (1943); Fierz-David and Kuster, Helv. Chim. Acta,

22 82 (1939).
4 Bauer, Oil and Soap, 23, 1 (1946).
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PARABANIC ACID

CO,CoHs5

02CoHj

CO—CO

/
NaN
N
CcO

CO—CO CO—CO

NNa 4 2CH30H + 2C,H;0H

/ N
NNa + 2HCl — HN NH + 2NaCl

aN/ N
oy N

Submitted by JoserH I. MURRAY.!
Checked by M. S. NEwMAN and TapAaMICHI FUKUNAGA.

N

1. Procedure

Eight hundred fifty milliliters of absolute methanol (magnesium-
dried) is distilled directly, through a condenser, into a 1-1. three-necked
reaction flask equipped with a sealed mechanical stirrer and an effi-
cient reflux condenser protected by a drying tube. After about 300
ml. of methanol has been distilled, the drying tube is removed from the
reflux condenser, and small pieces of clean sodium are added to the
stirred methanol at such a rate that the alcohol vapors do not escape
from the condenser (Note 1). When a total of 23 g. (1 g. atom) of
sodium has been added, the drying tube is replaced, the distillation of
methanol is completed (Note 1), and the system is brought to a tem-
perature of 20-25° (other temperatures are less favorable). The
inlet condenser is removed, 30 g. (0.5 mole) of dry finely ground urea
(Note 2) is quickly added to the reaction mixture, and the opening is
then closed by attaching a dropping funnel. When the urea has dis-
solved completely, the addition of 70 g. (0.48 mole) of diethyl oxalate
(Note 2) is begun (Note 3). A white precipitate forms immediately.



72 ORGANIC SYNTHESES, VOL. 37

Stirring is continued for 1 hour after the addition of the ester is com-
pleted (Note 4). One hundred milliliters of concentrated hydrochloric
acid is added dropwise to the mixture at a rate that causes little in-
crease in the solution temperature, stirring is continued for a few min-
utes, and the mixture is filtered. The residue is washed twice with a
small quantity of methanol, and the filtrate and washings are trans-
ferred to a 2-1. two-necked flask equipped with a sealed stirrer and a
vacuum take-off. The alcohol is removed under the reduced pressure
of a good water aspirator (Note 5). The practically dry solid residue
is washed from the evaporator with water which is used as the re-
crystallization solvent (Note 6). When the bulk of the solid has dis-
solved, the solution is cooled slightly below the boiling point, 2 g. of
activated carbon is added, and the solution is filtered through a hot
Biichner funnel by use of moderate suction. The solution yields a
white, crystalline precipitate of parabanic acid upon standing in a
refrigerator overnight. The yield of purified, dried product melting
at 241-243° with decomposition is 39-41.5 g. (71.5-76%).

2. Notes

1. The checkers used Mallinckrodt analytical reagent methanol
without drying and distilling. The sodium was added to 300 ml. of
the methanol, and the remainder of the methanol was added dropwise.
The results obtained in this way were the same as those described by
the submitter.

The hydrogen released during the formation of the sodium methoxide
prevents moisture from entering the system. More rapid addition
of the sodium and reduced loss of methanol vapor are realized if the
reaction flask is surrounded by an ice bath during the addition of the
metal. Calcium chloride should not be used in the drying tube be-
cause of possible clogging. Drierite (CaSOy) is preferable.

2. The checkers used reagent grade urea (Baker) and diethyl oxalate
(Matheson, Coleman and Bell), without purification.

3. Ester addition must be quite slow (2 drops per second or less) to
prevent emulsion formation and extremely low yields.

4. At the end of 1 hour, the precipitated salt should be in a fine
crystalline form which settles readily when the stirring is momentarily
stopped. A viscous, creamy suspension which is poorly mixed by the
stirring usually gives poor yiclds. Factors contributing to this condi-
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tion have been found to be: insufficient amount of solvent initially,
too rapid addition of ester, and improper temperature control.

5. Considerable frothing may be encountered during the first stages
of the evaporation, particularly when a steam bath is used to hasten
removal of the solvent. Rapid stirring helps to cut down frothing and
lessens bumping.

6. The solid may go into solution rather slowly even in boiling water.

3. Methods of Preparation

Parabanic acid can be prepared by the condensation of urea with
diethyl oxalate in an ethanolic solution of sodium ethoxide,? by reaction
of urea with an ethereal solution of oxalyl chloride,® by oxidizing uric
acid with an acid solution of perhydrol,* or by the action of hot, con-
centrated nitric acid on uric acid.®* The present method gives better
yields than the previously reported methods and is better adapted to
larger-scale preparations.

! Department of Chemistry, University of Buffalo, Buffalo, New York.
2 Michael, J. prakt. Chem., [2]35, 457 (1886).

3 Biltz and Topp, Ber., 46, 1387 (1913).

4 Biltz and Schiemann, Ber., 59, 721 (1926).

5 Behrend and Asche, Ann., 416, 226 (1918).

PSEUDOPELLETIERINE

+ Hy0 —>  OHC(CHy);CHO + CoHzO0H
OCyHs
O

/CHO CiizCOZH
(C{iz)a + CHGNH, + /co — =o + 200, + 2H,0
CHO CH,CO.H

Submitted by ArtHUR C. CoprE, HuGH L. DRYDEN, Jr., and CuarLES F. HowEeLL.!
Checked by N. J. LEoNarDp, D. F. Morrow, and W. D. SMART.

1. Procedure

In a 3-1. round-bottomed flask equipped with a mechanical stirrer
and flushed with a slow strcam of nitrogen are placed 22 ml. (0.26
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mole) of concentrated hydrochloric acid (sp. gr. 1.18), 165 ml. of
“deoxygenated” water (Note 1), and 64 g. (0.5 mole) of 2-ethoxy-3,
4-dihydro-2H-pyran (b.p. 62-65°/50 mm., np 1.4378) (Note 2). The
mixture is stirred vigorously for 20 minutes and then allowed to stand
for 1 hour.

To the resulting colorless solution of glutaraldehyde are added, in
order, 350 ml. of water, 50 g. (0.74 mole) of commercial methylamine
hydrochloride dissolved in 500 ml. of water, 83 g. (0.57 mole) of
acetonedicarboxylic acid (Note 3) dissolved in 830 ml. of water, and
a solution of 88 g. (0.25 mole) of disodium hydrogen phosphate dodeca-
hydrate and 7.3 g. (0.18 mole) of sodium hydroxide dissolved in 200
ml. of water by heating. Carbon dioxide is evolved, and the pH of
the solution, initially 2.5, increases to 4.5 after the mixture has been
stirred under nitrogen for 24 hours. Concentrated hydrochloric acid
(33 ml.) is added, and the solution is heated on the steam bath for 1
hour to complete the decarboxylation (Note 4). After the solution
has been cooled to room temperature, 75 g. of sodium hydroxide in
100 ml. of water is added (Note 5), and the basic mixture is extracted
with eight 250-ml. portions of methylene chloride (Note 6). The
combined methylene chloride extracts are dried over sodium sulfate,
concentrated to about 500 ml. (Note 7), and filtered through a layer
of 400 g. of alumina (Note 8) packed in a 50-mm. column. The column
is eluted with methylene chloride until about 1.5 1. of eluate has been
collected. The eluate is concentrated under reduced pressure to
yield crystalline but yellow pseudopelletierine. The solid is sublimed
at 40° and 0.3 mm. to yield 47-55.5 g. (61-73%) of crude, nearly
colorless pseudopelletierine (Note 9). The product is dissolved in
100 ml. of boiling pentane, 3 ml. of water is added, and the mixture is
boiled until the aqueous layer disappears. After thorough chilling in
a refrigerator, the crystals which separate are collected on a filter and
washed well with ice-cold pentane. Evaporation of the combined fil-
trate and washings to 20 ml., followed by filtration and washing, yields
a second crop of almost equally pure material. The combined pseudo-
pelletierine hemihydrate weighs 47-55 g. and melts at 47-48.5°. Sub-
limation of the hemihydrate as described above removes the water
of hydration and yields 44-52 g. (58-68%) of pure, colorless pseudo-
pelletierine, m.p. 63-64° (sealed tube). Anhydrous material which
has been prepared in this manner does not decomposc on storage
under dry conditions.
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2. Notes

1. “Deoxygenated” water is prepared by passing a stream of nitro-
gen through ordinary distilled water and is used throughout the prepara-
tion until the condensation is completed. The use of ordinary distilled
water may lower the yield by no more than a few per cent.

2. This compound is prepared by the addition of ethyl vinyl ether
to acrolein, under conditions similar to those described for a similar
addition of methyl vinyl ether to crotonaldehyde in Org. Syntheses, 34,
29 (1954); see Longley and Emerson, J. Am. Chem. Soc., T2, 3079
(1950). Glutaraldehyde is available currently as a 309, aqueous solu-
tion from the Carbide and Carbon Chemicals Company, 30 East 42nd
Street, New York.

3. The preparation of acetonedicarboxylic acid is described in Org.
Syntheses, Coll. Vol. 1,10 (1941). The acid may also be obtained from
Chas. Pfizer & Company, 630 Flushing Avenue, Brooklyn 6, New York.

4. Omission of the decarboxylation step decreases the yield of crude
material to 579,. The temperature should reach about 80°.

5. The pH rises to about 12. A lower pH allows extraction of more
of the dark-brown resin. The extraction must be performed promptly
since the product can undergo self-condensation at this pH.

6. The employment of ether instead of methylene chloride requires
the use of a continuous extractor for 2 days.

7. The checkers found that the purification of the pseudopelletierine
could be simplified, at least in those preparations in which commercial
acetonedicarboxylic acid was used. Thus, the crude product obtained
by evaporation to dryness of the methylene chloride extracts can be
sublimed directly. Two sublimations give pseudopelletierine of m.p.
62-64°, in 58-629, yield, comparable to the product obtained after
the more extended purification procedure described in the text.

8. Chromatographic alumina (400 g.) is treated with 500 ml. of
ethyl acetate at room temperature. After 48 hours, the alumina is
collected on a filter and washed first with 1 1. of distilled water and
then with 1 1. of methanol. After drying in air, the alumina is acti-
vated by heating at 120° for 3 hours at 50-100 mm.

9. Resublimation directly may serve for the final purification (see
Note 7). Distillation is inconvenient because of the tendency of
pseudopelletierine to crystallize in the condenser.  The distilled prod-
uct darkens rather rapidly even in the cold and melts at 47 53°. The
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once sublimed product also darkens slowly even when kept under dry
nitrogen in a refrigerator. If anhydrous pseudopelletierine is exposed
to moist air, the hemihydrate is formed, m.p. about 48°.

3. Methods of Preparation

Pseudopelletierine has been obtained from the bark of the pome-
granate tree (Punica gramatum L.)*5 The synthesis of the alkaloid
from glutaraldehyde, methylamine, and calcium acetonedicarboxylate
was first achieved by Menzies and Robinson.® The synthetic method
subsequently was improved by Schopf and Lehmann,” and others.®?
The condensation of a dialdehyde with an amine and acetonedicar-
boxylic acid to form a heterobicyclic compound (an alkaloid or alkaloid
analog, usually employing mild or so-called “physiological” conditions)
is sometimes referred to as a Robinson-Schopf synthesis.

The experimental procedure described is essentially one reported by
Ziegler and Wilms ® as subsequently modified,® except that the glu-
taraldehyde is prepared from 2-ethoxy-34-dihydro-2H-pyran instead
of cyclopentene ozonide ® or pyridine via dihydropyridine and glu-
taraldehyde dioxime.® Essentially these procedures have also been
reported briefly by other investigators.*

1 Massachusetts Institute of Technology, Cambridge 39, Massachusetts.

2 Tanret, Compt. rend., 88, 716 (1879); 90, 696 (1880).

3 Piccinini, Gazz. chim. ital., 29, IT, 311 (1899).

4 Hess and Eichel, Ber., 50, 1386 (1917); 52, 1005 (1919).

5 Chaze, Compt. rend. soc. biol., 118, 1065 (1935).

¢ Menzies and Robinson, J. Chem. Soc., 125, 2163 (1924).

7 Schopf and Lehmann, Ann., 518, 1 (1935).

8 Ziegler and Wilms, 4nn., 567, 31 (1950).

9 Cope, Dryden, Overberger, and D’Addieco, J. Am. Chem. Soc., 73, 3416 (1951).
10 Alder and Dortmann, Ber., 86, 1544 (1953).
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STEAROLIC ACID
(9-Octadecynoic acid)

CHj(CH,);CH=CH(CH,);CO,H —25
CH3 (CH2)7CHBI‘CHBI’(CH2)7COQH

CHy(CH,);CHBrCHBr(CH,),CO,H — it

CH3(CH2)7CEC(CH2)7C02N8. + 2NaBr + 3NH3

CHy(CH,);C=C(CH,);CO,Na ——

CH;3(CH;);C=C(CH3);COH + NaCl

Submitted by N. A. Kuan, F. E. DEATHERAGE, and J. B. BRown.}
Checked by Max TisHLER, W. J. PALEVEDA, and E. F. SCHOENEWALDT.

1. Procedure

Bromine is added dropwise with stirring to a solution of 100 g.
(0.35 mole) of oleic acid of at least 959 purity (Note 1) in 400 ml. of
dry ether maintained at 0-5°, until the color of bromine persists.
About 53 g. (0.33 mole) of bromine is needed; the excess is removed by
addition of a few drops of oleic acid.

The sodamide required for dehydrobromination is prepared ? in a
5-1. three-necked flask fitted with a sealed Hershberg stirrer, a gas in-
let tube, and a large cold-finger condenser charged with Dry Ice-ace-
tone. The condenser outlet is connected to a safety trap followed by a
bubbler tube containing concentrated aqueous ammonia. Liquid am-
monia (1.9 1., Note 2) is introduced into the flask through the inlet
tube (Hood!); then 1.6 g. of anhydrous ferric chloride (c.p., black) is
added in one portion with vigorous stirring. After 5-10 minutes, 3 g.
of metallic sodium is dropped into the brown solution to convert the
iron salt into the catalytic form. After the evolution of hydrogen has
ceased, the remainder of the sodium (total 43 g., 1.87 g. atoms) is added
in small pieces with continued stirring. Gray, grainy crystals of
sodamide settle out as the reaction proceeds.

The ethereal solution of dibromostearic acid, prepared as described
above, is introduced slowly from a dropping funnel into the reaction
flask. After the reaction has been allowed to proceed for 6 hours with
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continuous stirring, 60 g. of solid ammonium chloride (1.12 moles)
is added in portions to destroy excess sodamide. The ammonia is
allowed to evaporate until there remains a dry-appearing solid, and then
11 of water is added. The mixture is warmed to 60-70° under nitro-
gen (Note 3) and acidified by the addition of an excess (50 ml.) of
concentrated aqueous hydrochloric acid. The aqueous layer is re-
moved by siphoning, and the organic layer is washed with four 500-ml.
portions of hot (60°) water. The aqueous layer is separated each time
by siphoning. After the fourth washing, the oily product is solidified
by cooling the flask in an ice bath, and the residual water is drained
off. The crude product is dried on the steam bath under vacuum
(Note 4).

The crude acid is dissolved in 500 ml. of petroleum ether at room
temperature. The small amount of amorphous solid which may
separate is removed by filtration through Supercel, and the filtrate is
concentrated under reduced pressure to 300 ml. Chilling to 0-5°
yields a first crop of tan crystals which is collected by suction filtration
and washed with the minimum amount of ice-cold petroleum ether.
Concentration of the mother liquors to 150 ml. and chilling yields a
second crop of brownish crystals. The combined crops are dissolved
in 300 ml. of petroleum ether, and the light-red solution is chilled to
0-5°. The almost white to light-tan crystals are collected, washed
with a small amount of cold petroleum ether, and dried in a vacuum
desiccator. There is obtained 51.5-61.5 g. (51-61%) of stearolic acid,
m.p. 46-46.5° (Note 5).

2. Notes

1. Oleic acid of acceptable purity may be prepared from olive oil
fatty acids by the method of Brown and Shinowara,? Wheeler and
Riemenschneider,* Brown and Foreman? or Khan, Deatherage, and
Brown.t It may also be purchased from the Hormel Institute, Austin,
Minnesota.

2. Experience has shown that about § g. atoms of sodium should be
used for each mole of oleic acid used as starting material. For each
gram atom of sodium, 0.8-1.0 g. of ferric chloride, 11. of liquid ammonia,
and 0.5-0.7 mole of ammonium chloride are necessary. The sodamide
reaction proceeds best in comparatively dilute liquid ammonia solu-
tion.
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3. The liquid stearolic acid is highly susceptible to autoxidation in
the presence of air,” and this portion of the work-up should be con-
ducted in a nitrogen atmosphere.

4. Alternatively, the product obtained after acidification may be
taken up in ether, and the ether extract washed with water, dried over
anhydrous sodium sulfate, and evaporated to dryness under reduced
pressure. This procedure is reported by the submitters to be more
convenient for preparations on a smaller scale, and to give a slightly
improved yield.

5. This stearolic acid has been thoroughly characterized ¢ by the
freezing-point curve, ultraviolet and infrared spectra, ozonization, and
hydrogenation. It has been shown to be free both of positional iso-
mers and of olefinic acids such as oleic and elaidic acids. Its properties
include: m.p. 46-46.5°, iodine number (Wijs titration, 30 minutes)
89.5, npy® 1.4510, nd® 1.4484, neutral equivalent 279.2-279.6 (theory
280.4), hydrogen uptake 95-1009, of theory for a triple bond. The
last trace of color is difficult to remove by recrystallization from petro-
leum ether. It can be removed, however, by crystallization from a
20-309%, solution in acetone at —5 to —8°, or from an 8-109 solution
at —20°, or by distillation (b.p. 189-190°/2mm.).

3. Methods of Preparation

Nearly all methods for preparation of stearolic acid involve de-
hydrohalogenation of a 9,10-dihalostearic acid, or its esters, with
alcoholic potassium hydroxide; the most recent method is that of
Adkins and Burks.® These methods employ drastic conditions, which
result in poorer yields than those obtainable on dehydrohalogenation
with sodamide.! Methyl 9,10-dibromostearate, on dehydrobromi-
nation with sodamide, yields stearolamide ¢ (m.p. 82-83°) which may
be hydrolyzed to stearolic acid. For preparative purposes, however,
this method offers'no special advantage over that described here.

1 The Ohio State University, Columbus, Ohio.

2 Greenlee and Henne, Inorg. Syntheses, 2, 128 (1946).

3 Brown and Shinowara, J. Am. Chem. Soc., 59, 6 (1937).

* Wheeler and Riemenschneider, Oil and Soap, 16, 207 (1939).

5 Foreman and Brown, Oil and Soap, 21, 183 (1944). '

8 Khan, Deatherage, and Brown, J. Am. Oil Chemists Soc., 28, 27 (1951).

7 Khan, Brown, and Deatherage, J. Am. Oil Chemists Soc., 28, 105 (1951).
8 Org. Syntheses, Coll. Vol. 8, 785 (1955).
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ar-TETRAHYDRO-o-NAPHTHOL
(1-Naphthol, 5,6,7,8-tetrahydro-)
OH OLi

@ij + 3Li+ 2CH;0H — > | + 2C,H;0Li
/

OLi

OH
OH OH
Pd(C)
v (1)

i PETER.!
Submitted by C. DAvID GUTSCHE and Huco H.
Checked by Joun C. SHEEHAN, GEORGE H. BucHr, and DwaIN M. WHITE.

1. Procedure

A 3. three-necked flask, equipped with a Dry Ice cor.ldenser (Note
1), a sealed Hershberg-type stirrer, and an inlet tube, 1s set up 1n a
hood and charged with 108 g. (0.75 mole) of a-naphthol (Note 2).
The stirrer is started, and to the rapidly stirred flask contents (Note 3)
is added 1 1. of liquid ammonia as rapidly as possible (ab?ut 5 minutes).
When the naphthol has gone into solution (about 1.0 rmnutes?, 208 g.
(3.0 g. atoms) of lithium metal (Note 4) is added in §ma11 pieces and
at such a rate as to prevent the ammonia from refluxing too violently
(Note 5). After the addition of the lithium has.been comp.leted (abm{t
45 minutes), the solution is stirred for an additional 20 minutes z}nd is
then treated with 170 ml. (3.0 moles) of absolute ethanol which is
added dropwise over a period of 30-45 minutes (Note. 6‘). The con-
denser is removed, stirring is continued, and the ammonia s evap.orate'd
in a stream of air introduced through the inlet tube. The residue 1s
dissolved in 1 L. of water, and, after the solution ha§ I.)een erftracted
with two 100-ml. portions of ether, it is carefully z.ivc1d1ﬁed .Wlth con-
centrated hydrochloric acid. The product formed is talfen into et}}er
with three 250-ml. extractions, and then the ether extract 1s w'ashed with
water and dried over anhydrous sodium sulfate. The cther is removed
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by evaporation to yield 106-108 g. (97-99%,) of crude 5,8-dihydro-
1-naphthol, m.p. 69-72°. This material is dissolved in 250 ml. of ethyl
acetate and hydrogenated with 3.0 g. of 109, palladium on charcoal
catalyst (Note 7) at 2-3. atm. pressure in a Parr apparatus until the
theoretical amount of hydrogen has been absorbed (about 45 minutes).
The catalyst is removed by filtration, and the solvent is removed by
distillation to leave 105-107 g. of an oil which quickly solidifies, m.p.
67-69.5°. Recrystallization from 250 ml. of petroleum ether (b.p.

88-98°) gives 93-97 g. (84-88%) of almost colorless crystals, m.p.
68-68.5°.

2. Notes

1. A cold-finger type of condenser approximately 10 X 40 cm. is
satisfactory.

2. Eastman’s white label a-naphthol or equivalent is the most
satisfactory starting material. Technical-grade a-naphthol may be
used, but it gives an inferior product that is difficult to purify.

3. Rapid stirring during the addition of the ammonia is necessary
to prevent the formation of a hard cake and resultant interference with
the stirrer.

4. Lithium metal strip (Metalloy Corporation, Rand Tower, Min-
neapolis, Minnesota) is wiped to remove the protective grease and
then placed in petroleum ether (b.p. 32-37°). Pieces are cut with
scissors, air-dried to remove solvent, and added to the reaction mixture.

5. During the addition of the lithium the solution turns deep blue.
After this has occurred (after about one-third of the lithium has been
added), the rate of addition can be increased considerably.

6. Toward the end of the addition of the alcohol, foaming may
occur but may be subdued by reducing the rate of stirring.

7. See Mozingo [Org. Syntheses, Coll. Vol. 3, 686 (1955)] for the
preparation of this catalyst.

3. Methods of Preparation

ar-Tetrahydro-a-naphthol has been prepared by sodium and amyl
alcohol reduction of a-naphthylamine followed by diazotization and
hydrolysis,** by sodium and amyl alcohol reduction of a-naphthol 3
by sulfonation of tetralin followed by sodium hydroxide fusion,” and
by catalytic reduction of a-naphthol.*  ar-Dihydro-a-naphthol has
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been prepared by reduction of a-naphthol with sodium and alcohols ®
and with sodium and ammonia.’® The use of lithium in related sys-

tems has been investigated and provides the basis for the preparation
described.™

! Washington University, St. Louis, Missouri.

? Bamberger and Althausse, Ber., 21, 1893 (1888).

3 Green and Rowe, J. Chem. Soc., 113, 955 (1918).

4 Bamberger and Bordt, Ber., 23, 215 (1890).

5 Jacobson and Turnbull, Ber., 31, 897 (1898).

8 Bachmann and Ness, J. Am. Chem. Soc., 64, 536 (1942).
7 Schroeter, Ann., 426, 83 (1922).

8 Musser and Adkins, J. Am. Chem. Soc., 60, 664 (1938).
¢ Rowe and Levin, J. Chem. Soc., 119, 2021 (1921).

0 Birch, J. Chem. Soc., 1944, 430.

1 Wilds and Nelson, J. Am. Ckem. Soc., 75, 5360 (1953).

TRICHLOROMETHYLPHOSPHONYL DICHLORIDE
(Trichloromethylphosphonic dichloride)

CClg + AICl;3 4+ PCl3 — [Cl3CPCl5] HAICI) ™
0

T
[CI3CPCI3] HAICL]™ + 7H,0 — Cl3C—P—Cl + AlCl3-6H,0 + 2HCI
Cl

Submitted by KENNETH C. KENNARD and CLIFF S. HAMILTON.!
Checked by Joun C. SHEEHAN and J. L. YE=.

1. Procedure

Caution! This preparation should be conducted in a hood.

In a 2-1. round-bottomed three-necked flask, fitted with an efh-
cient reflux condenser, mechanical stirrer, and dropping funnel (Note
1), are placed 133.3 g. (1 mole) of anhydrous powdered aluminum
chloride, 137.4 g. (1 mole) of phosphorus trichloride, and 184.6 g.
(1.2 moles) of carbon tetrachloride (Note 2). The reactants are
stirred slowly until they are thoroughly mixed, and then heat is
applied carefully until the reaction begins. At this point the liquid
boils vigorously, and the reaction mixture becomes thicker so that
faster stirring is necessary. Finally, the stirrer is stopped when the
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mixture becomes solid. After the reaction has cooled for 30 minutes,
1 1. of methylene chloride is run into the flask (Note 3), and the solvent
is stirred vigorously until the solid is finely suspended (Note 4). The
reflux condenser is replaced by a low-temperature thermometer which
dips into the reaction mixture, the suspension is cooled in a Dry Ice-
acetone bath, and the temperature is kept at —10 to —20° as distilled
water (180 g., 10 moles) is added dropwise with vigorous stirring over
a period of about 25 minutes (Note 5). After the water addition is
complete, stirring is continued for 15 minutes without the cold bath.

The apparatus is dismantled, and the reaction mixture is filtered
quickly by suction through a 1.5-cm. layer of filter aid on an 11-cm.
Biichner funnel placed on a 2-1. filter flask. The filter cake is pressed
down well and washed with three 50-ml. portions of methylene chlor-
ide. The filtrate is immediately protected from moisture by calcium
chloride tubes, and the solvent is removed by distillation from a 2-1.
flask. After the solution has been concentrated to about 225 ml.,
the hot liquid is poured into a suitable container (Note 6), and the
remaining solvent is removed under reduced pressure (Note 7). The

yield is 192-199 g. (81-849) of a white, crystalline solid which melts
at 155-156°.

2. Notes

1. The equipment is dried and protected from atmospheric moisture
by calcium chloride tubes.

2. It is important that the reactants are pure; otherwise the com-
plex is colored. c.p. reagents are satisfactory provided the containers
are freshly opened.

3. The methylene chloride must be redistilled from aluminum chlor-
ride to prevent coloration of the product.

4. Tf the solid adheres to the flask, the flask is heated lightly with a
free flame to loosen it.

5. Vigorous stirring is necessary to prevent caking of the aluminum
chloride hydrate and to prevent localized hydrolysis. The checkers
found that exactly 7 moles of water gave a somewhat improved yield,
but handling was more difficult.

6. The submitters used a 500-ml. round-bottomed wide-mouthed
flask.

7. The product may be warmed to aid solvent removal, but it is
decomposed by prolonged heating above 60°.
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3. Methods of Preparation

The aluminum chloride process 2 is a general method for the pre-
paration of alkylphosphonyl dichlorides. The procedure described
here is essentially that of Kennard and Hamilton 4 and is based on the
procedure of Kinnear and Perren.?

! University of Nebraska, Lincoln, Nebraska.

2 Kinnear and Perren, J. Chem. Soc., 1952, 3437.

3 Clay, J. Org. Chem., 16, 892 (1951).

4 Kennard andzHamilton, J. Am. Chem. Soc., 77, 1156 (1955).
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(This cumulative index comprises material from Volumes 30-37; for previous volumes see
Collective Volumes 1,2, and 3.)

Names in small capital letters refer to the titles of individual preparations. A number in ordinary
bold-face type denotes the volume. A page number in bold-face italics indicates that the detailed
preparative directions are given or referred to; entries so treated include principal products and major
by-products, special reagents or intermediates (which may or may not be isolated), compounds men-
tioned in the text or Notes as having been prepared by the method given, and apparatus described
in detail or illustrated by a figure. Page numbers in ordinary type indicate pages on which a compound
or subject is mentioned in connection with other preparations. For example, Allylbenzene, 31, 85, 86,
indicates that allylbenzene is mentioned on page 85, and that directions for its preparation are given

on page 86, of Volume 31.

ABIETIC ACID; 32, 1
Abietic acid, acid sodium salt of, 32, 4
diamylamine salt of, 32, 2
Acetaldehyde, 36, 60
Acetamide, 31, 17
ACETAMIDE, N-BROMO, 31, 17
«-PHENYL-, 32, 92
ACETANILIDE, «-BENZOYL-, 37, 2
Acetanilide, a-benzoyl-2-methoxy-4-nitro,
37,4
ACETIC ACID, BENZOYL-, ETHYL ESTER, 37,
3,32
CHLOROFLUORO-, ETHYL ESTER, 34, 49
a-CHLOROPHENYL, 36, 3
CYANOPHENYL-, ETHYL ESTER, 30, 43
diazo, esters, 36, 27
DIAZO-, ETHYL ESTER, 36, 25
Acetic acid, glacial, 31, 8, 11, 19, 78;
32, 6,45
ACETIC ACID, THIOL-, 31, 105
Acetic anhydride, 30, 82; 31, 106; 32, 54;
33, 1, 39, 70; 36, 58
ACETOACETONITRILE, 2-($-CHLOROPHENYL)-
4-PHENYL-, 35, 30
Acetone, 32, 22, 32
Acetonedicarboxylic acid, 37, 74, 75
ACETONITRILE, CHLORO-, 30, 22
p-METHOXYPHENYL-, 36, 50
Acetophenone, 33, 7
ACETOPIIENONE, p-(2,5-DIHYDROXY-
PUENYL)-, 34, 1

ACETOPHENONE, 2-HYDROXY-5-METHOXY-,
31, 90
0-NITRO-, 30, 70
2’-Acetoxy-a,B-dibromochalcone, 32, 75
Acetylacetone, 31, 43
9-ACETYLANTHRACENE, 30,
Acetylation, of 2-p-acetylphenylhydro-
quinone, 34, 1
of hydrogen sulfide, 31, 105
a-Acetyl-y-butyrolactone, 31, 74
Acetyl chloride, 30, 1
a-ACETYL-3-CHLORO-Y-VALEROLACTONE,
31, 1
1-ACETYLCYCLOHEXANOL, 35, I
Acetylene, 30, 15; 32, 27, 71
dimagnesium halide of, 32, 72
ACETYLENE, DIPHENYL-, 34, 42
~y-HYDROXYPROPYL, 33, 68
ACETYLENEDICARBOXYLIC ACID, DIMETHYL
ESTER, 32, 55
2-p-Acetylphenylhydroquinone, 34, 1
8-ACETYL-n-VALERIC ACID, 31, 3
Acid chlorides, synthesis of, 37, 69
Acid isomerization of diterpenic acids, 32, 1
Acid number, 32, 3
Acidolysis, of ethyl a-chlorophenylacetate
by acetic acid, 36, 4
of vinyl acetate by fatty acids, 30, 106
Acrolein, 37, 75
ACROLEIN ACKTAL, 32, 5§
ACROLEIN DIETHYL ACETAL, 32, §
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ACRYLIC ACID, trans-B-(0-NITROPHENYL)-
a-PHENYL-, 35, 89
Acrylonitrile, 30, 80; 36, 6
ACRYLONITRILE, TRIPHENYL-, 31, 52
Acylation of ethanolamine with phthalic
anhydride, 32, 19
Acyloin reaction, 36, 79
2-Acylpyridines, phenylhydrazones of,
32,85
Addition, of acetylene to cyclohexanone,
32,70
of aniline to acrylonitrile, 36, 6
of aniline to benzonitrile, 36, 64
of benzylmagnesium chloride to
N-benzylidenemethylamine, 34, 65
of bromine to oleic acid, 37, 77
of bromine to 10-undecenoic acid, 32, 104
of enanthaldehyde to diethyl maleate,
34, 51
of ethanol to chlorotrifiluorethylene,
34, 16
of ethyl phenylcyanoacetate to acrylo-
nitrile, 30, 80
of hydrogen chloride to cyclopentadiene,
32,42
of hydrogen cyanide to a-phenylcinnamo-
nitrile, 32, 63
of hydrogen iodide to cyclohexene, 31, 66
of hydrogen sulfide to methyl acrylate,
30, 65
of hypochlorous acid to cyclopentene,
30, 24
of isocaproyl chloride to acetylene, 32, 27
of malonic acid to isobutylene, 34, 26
of methanol, to cyanamide, 34, 67
to e,B-unsaturated ketone, 32, 79
of methyl iodide to benzyldimethylamine,
34, 61
of p-nitrophenyldiazonium chloride to
butadiene, 31, 80
of 2-nitropropane to methyl acrylate,
32, 86
of potassium cyanide to diethyl benzal-
malonate, 30, 84
of sodium bisulfite, to cycloheptanone,
34, 25
to phenanthrenequinone, 34, 76
Adipy! azide, 36, 70
Adipyl hydrazide, 36, 69
Alanine, 33, 1

Aldehyde-collidine, 30, 42
Aldehydes, stabilization against autoxida-
tion, 37, 40
Aldehyde synthesis, 31, 92
from benzyl halides and nitropropane,
30, 99
Sommelet, 30, 67
Alizarin indicator, 37, 33
Alkylation, of acetylene, 30, 15
of aniline with triphenylcarbinol, 30, 5
of e-caprolactam with dimethyl sulfate,
31,72
of diethyl malonate with 3-chlorocyclo-
pentene, 32, 52
of diethyl phthalimidomalonate, 30, 7
of ethyl acetoacetate, 31, 1
of maleic anhydride with allylbenzene,
31, 85
of phosphorus trichloride with benzene,
31, 88
of triisopropyl phosphite with methyl io-
dide, 31, 33
using Raney nickel, 36, 21
Alkyl bromides, 36, 42
Alkyl fluorides, 36, 42
Alkylphosphonyl dichlorides, 37, 84
Alloxan monohydrate, 33, 3
ALLOXAN MONOHYDRATE, 32, 6
ALLOXANTIN DIHYDRATE, 33, 3
Allylbenzene, 31, 85, 86
Allyl bromide, 31, 86; 36, 61
a-Allyl-B-bromoethy! ethyl ether, 36, 62
Allyl chloride, 36, 63
Allylmagnesium bromide, 36, 61
Allylmagnesium chloride, 36, 63
Alumina, 34, 79; 35, 73
preparation for chromatography, 37, 75
Aluminum bromide, 33, 99
Aluminum chloride, 30, 1, 63; 31, 88; 32, 10;
33, 37; 36, 64; 37, 82
Aluminum chloride-phosphorus oxychloride
complex, 31, 88
Aluminum isopropoxide, 35, 40
Amberlite IR-4B resin, 32, 13
Amberlite IR-120 resin, 37, 56
Amidation, of isocyanic acid with bromo-
aniline and other aromatic amines,
31, 8
of thiocyanic acid with o-chloroaniline,
31,21

SUBJECT

Amide formation, from a carboxylic acid
and urea, 37, 50
from 2-amino-5-nitroanisole and ethyl
benzoylacetate, 37, 4
from aniline and ethyl benzoylacetate,
37,3
Amino acids, synthesis of, 30, 7
p-Aminobenzaldehyde, 31, 6
hydrazone, 31, 7
oxime, 31, 7
phenylhydrazone, 31, 7
m-Aminobenzoic acid, 36, 95
2-AMINOBENZOPHENONE, 32, 8
e-AMINOCAPROIC ACID, 32, 13
e-Aminocaproic acid hydrochloride, 32, 13
4-AMINO-3-CHLOROPHENOL, 35, 23
5-Amino-2,2-dimethylpyrroline-N-oxide,
32, 61
N-B-Aminoethylethylenimine, 30, 39
B-Aminoethylsulfuric acid, 30, 38
1-(Aminomethyl)cyclohexanol, acetic acid
salt, 34, 22
1-Amino-2-naphthol hydrochloride, 31, 13
2-Amino-5-nitroanisole, 37, 4
2-Amino-5-nitropyrimidine, 32, 96
2-AMINO-3-NITROTOLUENE, 35, 3
2-AMINO-5-NITROTOLUENE, 35, 5
o-Aminophenol, 30, 57
3-AMINOPYRIDINE, 30, 3
2-Aminopyrimidine, 35, 34
$-AMINOTETRAPHENYLMETHANE, 30, 5
p-Aminotetraphenylmethane hydrochlo-
ride, 30, §
3-Amino-2,4,6-tribromobenzoic acid, 36,
94
Ammonia, 31, 52; 34, 4
liquid, 30, 15, 73; 34, 46, 62; 35, 20, 52;
37,717, 80 :
Ammonium acetate, 32, 94
AMMONIUM CHLORIDE, CHLOROFORMYL-
METHYL, TRIMETHYL-, 35, 28
Ammonium hydroxide, 30, 41, 46
Ammonium nitrate, 32, 5
Ammonium thiocyanate, 31, 21; 32, 40
Ammonolysis, of diethyl fumarate, 30, 46
of methyl coumalate, 36, 44
of potassium 4-chloro-3,5-dinitrobenzene-
sulfonate, 31, 46
n-Amylacetylene, 30, 17

N-Amylaniline, 36, 22
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Amylbenzene, 31, 63, 64
n-Amyl fluoride, 36, 42
Aniline, 31, 48; 34, 79; 36, 64; 37, 3
ANILINE, 2,6-DINITRO-, 31, 45
Aniline, reaction with ethyl orthoformate,
35, 65
Aniline benzenesulfonate, 36, 7
Aniline hydrochloride, 30, 5, 6; 36, 6
p-Anisidine hydrochloride, 31, 12
Anisyl alcohol, 36, 50
Anisyl chloride, 36, 51
Anthracene, 30, 1; 31, 78
ANTHRACENE, 9-NITRO-, 31, 77
Anthranilic acid, 31, 96; 32, 9
Anthraquinone, 31, 79; 34, 77
Apparatus, for acyloin cyclization, 36, 79
for alternately evacuating and introduc-
ing nitrogen, 30, 19
for bromination of m-aminobenzoic acid,
36, 95
for constant-temperature reaction, 34,
51, 52
for continuous reaction, 37, 3, 67
for continuous return of heavy liquid,
32, 82
for countercurrent extraction, 37, 30
for distilling sulfur trioxide, 34, 87
for electrolytic reduction, 35, 22
for ion-exchange reactions, 32, 14
for preparation of sodium amide, 37, 77
for pyrolysis of ammonium salt of azelaic
acid, 34, 5
for pyrolytic condensation of tetrahydro-
pyran with aniline, 34, 79
for reaction of ethanol with chlorotri-
fluoroethylene, 34, 17
Arbusov reaction, 31, 33
“Arochlors” as flow-rate-indicating fluid,
32,21
Arsenic trichloride, 30, 96
Aryl isothiocyanates, 36, 57
Arylureas, 31, 8, 10
DL-ASPARTIC ACID, 30, 7
ATROLACTIC ACID, 33, 7
Autoclave, use of hydrogenation bomb as,
30, 42
Azelaic acid, 32, 67; 34,6, 7
Azelanitrile, 34, 5
Azeotropic distillation, 30, 30, 31; 34, 31
AZIDE, BENZOYL, m-NITRILE, 33, 53
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Azlactone preparation, 37, 5

1,1"-Az0B1S-1-CYCLOHEXANENITRILE, 32, 16
48, 51

2,2'-Azobis-isobutyronitrile, 32, 17, 48

>

Barbituric acid, 32, 7
Barium p-gulonate, 36, 39
Behenic acid, 37, 69
Beilstein test, 34, 38
Benzaldehyde, 30, 100, 33, 70; 34, 65
BENZALDEHYDE, p-AMINO, 31, 6
P-DIMETHYLAMINO-, 33, 27
Benzaldehyde, purification of, 33, 71
Benzalmalonic acid, ethyl ester, 37, 5
4-Benzal-2-phenyl-5-oxazolone, 37, 5§
BENzAMIDINE, N,N'-DIPHENYL-, 31, 48
N-PHENVL-, 36, 64
Benzanilide, 31, 48
BENZENE, (CHLORO-fe7{-BUTYL)-, 32, 90
2-CHLORO-1,3-DINITRO-, 32, 23
ETHYNYL-, 30, 72
HEXAMETHYL-, 35, 73
1,2,3-TRIMETHYL-, 34, 56
Benzenediazonium chloride, 32, 84
Benzenesulfenyl chloride, 35, 101
Benzenesulfonyl chloride, 31, 83
Benzhydrol, 33, 11
Benzidine, 36, 21
BexziDINE, N,N’-DIETHYL-, 36, 21
Benzidine dihydrochloride, 36, 22
Benzil, 34, 42
Benzil dihydrazone, 34, 42
Benzilic acid, 33, 37
2-BENZIMIDAZOLETHIOL, 30, 56
1,2-Benzo-3,4-dihydrocarbazole, 30, 91
BENZOFURAN, 3-METHYL, 33, 43
BENZOFURAZAN OXIDE, 31, 14, 15; 37, 1
BENzZOGUANAMINE, 33, 13
Benzoic acid, 32, 94; 37, 21
BENZOIC ACID, p-ACETYL-, METHYL ESTER,
32, 81
THIO, 32, 101
2,4,6-TRIBROMO-, 36, 94
Benzoic anhydride, 32, 75, 103
Benzoic-carbonic anhydride, 37, 21
as benzoylating agent, 37, 21, 22
Benzonitrile, 32, 67; 33, 13; 36, 64
Benzophenone, 30, 19; 31, 53, 104; 32, 65;
35, 97
BENZOPHENONE, 2-AMINO, 32, 8
THIO-, 35, 97

p-Benzoquinone, 35, 26
BENZOYLACETANILIDE, 37, 2
Benzoylacetic acid, ethyl ester, 37, 3
BENZOYLACETIC ACID, ETHYL ESTER, 37, 32
Benzoylation, of o-hydroxyacetophenone,
32,72
of malonic ester, 37, 20
with benzoic-carbonic anhydride, 37, 21
o-Benzoylbenzoic acid amide, 32, 12
Benzoyl chloride, 30, 11; 31, 49; 32, 101;
37, 32
BENZOYLCHOLINE CHLORIDE, 30, 10
BENzZOYLCHOLINE 10DIDE, 30, 10
Benzoylcholine picrate, 30, 13
Benzoyl-2-methoxy-4-nitroacetanilide, 37, 4
o-Benzoyloxyacetophenone, 32, 72
Benzoyl peroxide, 33, 96; 34, 51
3-BENZOYLPYRIDINE, 37, 6
4-Benzoylpyridine, 37, 7
BENzYL ALCOHOL, 0-METHYL-, 34, 58
Benzylamine, 35, 91
BENZYLAMINE, 2,3-DIMETHOXY-N-METHYL,
30, 59
N,N,0-TRIMETHYL-, 34, 61
N-Benzylaniline, 36, 22
Benzyl chloride, 34, 65
Benzyl cyanide, 31, 53; 32, 64, 65, 92
N-Benzylidenemethylamine, 34, 65
Benzyl isocyanide, 31, 54
Benzylmagnesium chloride, 34, 65
3-BENZYL-3-METHYLPENTANENITRILE, 35, 8
3-BENZYL-3-METHYLPENTANOIC ACID, 35, 6
B-BENzZYL-B-METHYLVALERIC ACID, 35, 6
Benzylthiosulfuric acid, 32, 103
Benzyltrimethylammonium hydroxide,
32, 86
Benzyltrimethylammonium iodide, 34, 61
Betaine hydrochloride, 35, 28
Bibenzyl, 31, 29
BIBENZVL, 4,4’-DINITRO-, 34, 35
Bicycro[2.2.1]HEPT-2-ENE, 37, 65
[BrcycLOBEXYL]-1,1’-DICARBONITRILE,
32, 48
Biphenyl, 31, 29
BrrrENYL, 4,4’-DIBROMO-, 31, 29
3-NITRO-, 33, 56
p-Biphenylyl isothiocyanate, 36, 57
1-(2-Biphenylyl)urea, 31, 10
1-(4-Biphenylyl)urea, 31, 10
Bis-4-chlorobutyl ether, 37, 55
BISCHILOROMETHYL ETHER, 36, 1
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N,N’-Bis-2-cyanoethyl-o-phenylene-
diamine, 36, 7
N,N’-Bis-2-cyanoethyl-p-phenylene-
diamine, 36, 7
1,1-Bis(diethylaminomethyl)acetone, 37, 18
Bromination, of acetamide to N-bromo-
acetamide, 31, 17
of m-aminobenzoic acid, 36, 94
of a-chloroethyl ethyl ether, 36, 60
of cholesterol, 35, 43
of diphenyl, 31, 29
of dodecanoic acid, 37, 29
of isobutyric acid, 33, 29
of 3-methylthiophene, 33, 96
of o-xylene, 34, 82, 100
Bromine, 30, 3; 31, 17, 29; 32, 104; 33, 99;
34, 82, 100; 36, 61, 87, 95; 37, 29, 77
N-BROMOACETAMIDE, 31, 17
p-Bromoacetophenone, 35, 12
p-Bromoaniline, 31, 8
p-Bromobenzaldehyde, 30, 100
Bromobenzene, 30, 97
a-Bromo-n-butyric acid, 30, 62
a-Bromo-n-butyryl chloride, 30, 62
B-BROMOETHYLPHTHALIMIDE, 32, 18
3-Bromoflavanone, 32, 75
N-Bromoglutarimide, 37, 49
a-Bromoisobutyryl bromide, 33, 29
p-BROMOMANDELIC ACID, 35, 11
p-Bromophenyl isothiocyanate, 36, 57
1-(p-Bromophenyl)-3-phenyl-2-propanone,
35, 33
m-Bromophenylurea, 31, 10
o-Bromophenylurea, 31, 10
p-Bromophenylurea, 31, 8, 9
a-Bromopropionic acid, ethyl ester, 33, 35
N-Bromosuccinimide, 33, 96, 97
5-Bromotoluquinone, 35, 27
Biichner funnel, cooling jacket for, 37, 25
Butadiene, 30, 93
1,3-BUTADIENE, 1-($-NITROPHENYL)-, 31, 80
1-PHENYL-, {rans-, 30, 75
Butadiene monoxide, 31, 3
BuTaNE, 1,4-p110DO-, 30, 33
1,4-DINITRO-, 34, 37
1-BUTANESULFONIC ACID, 4-HYDROXY-,
8-SULTONE, 37, 55
2-BUTANONE, 3-ACETAMIDO-, 33, 1
4-DIFTHYLAMINO-, 37, 18
2 Butene, 2,3-dinitro-, 37, 25
If'rl—lilliyl acetade, 34, 28

n-BUTYLACETYLENE, 30, 15
tert-Butyl alcohol, 30, 19, 20; 32, 20
anhydrous, 34, 54, 55

N-Butylaniline, 36, 22
tert-Butylbenzene, 32, 91
tert-Butyl o-benzoylbenzoate, 34, 28
n-Butyl bromide, 30, 16
tert-Butyl bromoacetate, 34, 28
sec-Butyl a-bromopropionate, 35, 15, 17
sec-BUTYL a-n-CAPROYLPROPIONATE, 35, 15
tert-Butyl chloroacetate, 34, 28
tert-Butyl a-chloropropionate, 34, 28
tert-Butyl B8,8-dimethylglutarate, 34, 28
tert-Butyl esters, sensitivity to acid, 37, 36
tert-Butyl glutarate, 34, 28
#-BUTYL GLYOXVLATE, 35, 18
tert-BUTYL HYPOCHLORITE, 32, 20
n-Butyl iodide, 30, 34
Butylketene dimer, 31, 71
p-tert-Butylphenyl salicylate, 32, 26
tert-Butyl succinate, 34, 28
2-Butyn-1-o1, 35, 20
BUTYRCHLORAL, 33, 15
BuTvYRIC ACID, @,y-DICYANO-q-PHENYL-,

ETHYL ESTER, 30, 80

@-NITRO-, ETHYL ESTER, 37, 44

v-Butyrolactone, 35, 95; 37, 47

Calcium carbide, 32, 70

Calcium carbonate, 32, 81

Calcium cyanamide, 34, 67; 36, 10

Calcium formate, 31, 102

Calcium hydride, 34, 55; 37, 60

~-Caprilactone, 34, 53

Caproaldehyde, a-ethyl-, 37, 38

CAPROIC ACID, e-AMINO, 32, 13

e-Caprolactam, 31, 72; 32, 15

e-CaproracTIM, O-METHYL-, 31, 72

n-Capronitrile, 35, 15

CAPRONITRILE, «-ETHYL, 32, 65

Caproyl chloride, 31, 71

CARBAMYL CHLORIDE, DIETHYLTHIO-, 35, 55

CARBANILINONITRILE, 0-CHLORO, 31, 19

CARBAZOLE, 1,2,3,4-TETRAHYDRO, 30, 90

3-CARBETHOXY-7Y,Y-DIPHENYLVINVLACETIC
ACID, 30, 18

p-Carbomethoxybenzaldehyde, 30, 100

Carbon disulfide, 30, 57

Carbonic-carboxylic anhydrides, 37, 21

Carbon monoxide, 34, 14

Carbon oxysulfide, 32, 103
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Carbon tetrachloride, 32, 27; 37, 8
Carbonylation, of pyrogallol-1,3-dimethyl
ether with hexamethylenetetramine,
31,92
of pyrrole with dimethylformamide,
36, 74
of thiophene with N-methylformanilide,
31, 108
o-Carboxycinnamic acid, 34, 8
2-Carboxy-3,5-dichlorobenzenediazonium
chloride, 31, 97
2-CARBOXYHYDROCINNAMIC ACID, 34, 8
3-Carboxy-4-hydroxyquinoline, 37, 5§
4-(0-Carboxyphenyl)-5,6-benzocoumarin,
34, 10
B-(0-CARBOXYPHENYL)PROPIONIC ACID,
34, 8
Catalyst, alumina, 34, 79; 35, 73
ammonium acetate, 31, 25, 27
copper chromite, 31, 32; 36, 12
cuprous oxide-silver oxide, 36, 36, 37
ferric nitrate, hydrated, 31, 53
piperidine, 31, 35
piperidine acetate, 31, 57
Raney nickel, 36, 21
sulfuric acid, 34, 26
Catechol, 33, 74
Cetylmalonic acid, 34, 16
CETYLMALONIC ESTER, 34, 13
Chlorination, by sulfuryl chloride, 33, 45;
37,8
of anthranilic acid, 31, 96
of 2-methylcyclohexanone, 37, 8
of nicotinamide-1-oxide, 37, 12
Chlorine, 30, 24; 31, 96; 32, 20, 22; 33, 15;
37,1
Chlorinolysis of tetraethylthiuram disulfide,
35, 55
Chloroacetamide, 30, 22
a-Chloroacetoacetic acid, ethyl ester, 33,
43, 45
CHLOROACETONITRILE, 30, 22
2-Chloro-4-aminophenol, 35, 27
o0-Chloroaniline, 31, 21
0-Chloroaniline thiocyanate, 31, 21
Chlorobenzene, 30, 96; 31, 45
CHLORO-p-BENZOQUINONE, 35, 22
N-CHLOROBETAINYL CHLORIDE, 35, 28
3-Chloro-2-buten-1-ol, 35, 20
a-Chlorocrotonaldehyde, 33, 16
2-Chlorocyclohexanol, 32, 40

trans-2-CHLOROCYCLOPENTANOL, 30, 24
3-CHLOROCYCLOPENTENE, 32, 41, 52
1-Chloro-2,4-dinitrobenzene, 32, 24
1-CHLORO-2,6-DINITROBENZENE, 32, 23
2-Chloroethyl benzoate, 30, 11
a-Chloroethyl ethyl ether, 36, 60
Chlorohydroquinone, 35, 27
p-Chloromandelic acid, 35, 14
Chloromethylation, 30, 68
2-CHLORO-2-METHYLCYCLOHEXANONE, 37, 8
1-Chloromethylnaphthalene, 30, 67, 68
2-CHLORONICOTINONITRILE, 37, 12
m-Chloronitrobenzene, electrolytic reduc-
tion of, 35, 25
o-Chloronitrobenzene, 35, 23
1-Chloro-1-nitroethane, 37, 25
1-Chloro-1-nitropropane, 37, 23
2-Chloro-2-nitropropane, 37, 25
5-Chloro-2-pentanone, 31, 74
«-CHLOROPHENYLACETIC ACID, 36, 3
4-Chlorophenylacetonitrile, 35, 31; 36, 52
0-CHLOROPHENYLCYANAMIDE, 31, 19
2-Chlorophenylhydroquinone, 34, 4
o-Chlorophenylhydroxylamine, 35, 25
o-Chlorophenyl isothiocyanate, 36, 57
a-(4-CHLOROPHENYL)-y-PHENYLACETO-
ACETONITRILE, 35, 30, 32
1-(p-CHLOROPHENYL)-3-PHENYL-2-PROPA-
NONE, 35, 32
o0-Chlorophenyl salicylate, 32, 26
$p-CHLOROPHENYL SALICYLATE, 32, 25
0-CHLOROPHENYLTHIOUREA, 31, 19, 21
o-Chlorophenylurea, 31, 10
Chloropicrin, 32, 68
2-CELOROPYRIMIDINE, 35, 34, 58
Chlorosulfonic acid, 36, 1
3-Chlorotoluquinone, 35, 26
5-Chlorotoluquinone, 35, 27
Chlorotrifluoroethylene, 34, 17
2-CHLORO-1,1,2-TRIFLUOROETHYL ETHYL
ETHER, 34, 16, 49
Chlorourea, see Monochlorourea
B-CHLOROVINYL ISOAMYL KETONE, 32, 27, 79
B-CHLOROVINYL METHYL KETONE, 32, 29
3,4-seco-AS-CHOLESTEN-3,4-DIOIC ACID,
35, 38
A% CHOLESTEN-3,6-DIONE, 35, 36
A*-CHOLESTEN-3-ONE, 35, 39, 43
AP-CHOLESTEN-3-ONE, 35, 43
Cholesterol, 35, 36, 40, 43
CHOLINE CHLORIDE, BENZOATE, 30, 10
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CHOLINE IODIDE, BENZOATE, 30, 10
Chromatographic alumina, 37, 75
Chromic oxide, 31, 4; 32, 6; 33, 50; 34, 76
Chromium oxide, 32, 81
Chromium trioxide, 36, 58, 59, 67
Cinnamaldebyde, 30, 75, 77; 33, 60
CINNAMALDEHYDE, 0-NITRO, 33, 60
CINNAMIC ACID, 2,3-DIMETHOXY-, 31, 35
«-PHENYL, 33, 70, 88
Cinnamic acid dibromide, 33, 98, 99
Cleavage of tetrahydrofuran, 30, 27, 33
Collidine, 37, 9
Condensation, of acetoacetic ester, acid cat-
alyzed, 32, 76
of acetone, in the Mannich reaction,
37,18
with ethyl formate, 32, 32
of 2-amino-5-nitroanisole and ethyl ben-
zoylacetate, 37, 4
of aniline and ethyl benzoylacetate, 37, 3
of aniline and triphenyl carbinol, 30, 5
of aniline and tetrahydropyran, 34, 79
of benzene with butyrolactone, 35, 95
of benzoyl chloride and ethyl aceto-
acetate, 37, 32
of benzyl cyanide and benzophenone,
31, 52
of carbon tetrachloride with phosphorus
trichloride, 37, 82
of 1-chloro-1-nitropropane by alkali,
37,23
of 4-chlorophenylacetonitrile with ethyl
phenylacetate, 35, 31
of cyclohexanone, with cyanoacetic acid,
31,25
with ethyl chloroacetate, 34, 54
with sodium cyanide and hydrazine,
32, 50 ’
of dichloracetic acid with sodium eth-
oxide, 35, 59
of diethyl carbonate and phenylaceto-
nitrile, 30, 43
of diethyl oxalate, with ethyl stearate,
34, 13
with urea, 37, 71
of diethyl succinate with a ketone, 30, 18
of 2,3-dimethoxybenzaldehyde with
malonic acid, 31, 35
of ethyl acetoacetate with 2,3-dimethoxy-
benzaldchyde, 31, 56
of ethyl cyanoacetate and urea, 37, 15

Condensation, of ethylene and dicyclopen-
tadiene, 37, 65
of formaldehyde with cyclohexanone,
31, 101
of guanidine with ethyl cyanoacetate,
32,45
of hydrazine with benzil, 34, 42
of malic acid to coumalic acid, 31, 23
of malonic ester, 33, 23
of methylamine with benzaldehyde,
34, 65
of methy! ethyl ketone with ethyl cyano-
acetate and ammonia, 36, 28
of nicotinyl chloride and benzene, 37, 6
of o-nitrobenzaldehyde with phenylacetic
acid, 35, 89
of nitroethane with o-methoxybenzalde-
hyde, 35, 74
of paraldehyde with diethyl malonate,
32, 54
of sodium formylacetone with cyanoacet-
amide, 32, 32
of thiourea with furfuryl alcohol, 35, 66
Continuous reactor, 37, 3, 67
Cooling bath, Dry Ice and ethylene glycol
monomethyl ether, 32, 43
Dry Ice and methylene chloride, 34, 38
Dry Ice and trichloroethylene, 31, 53;
34, 46
Cooling jacket for Biichner funnel, 37, 25
Copper chromite, 32, 58; 33, 88; 34, 31; 35,
87; 36, 12
Copper powder, 31, 104; 32, 57
CoOUMALIC ACID, 31, 23; 36, 44
4,6-DIMETHYL-, 32, 76
ETHYL ESTER, 32, 76
Coumalic acid, methyl ester, 36, 44
Coumarilic acid, 3-methyl-, 33, 44
ethyl ester, 33, 43
Countercurrent extraction, Kies apparatus
for, 37, 30
Coupling, of benzenediazonium chloride
with acetoacetic acid, 32, 84
of diazotized p-aminoacetophenone with
quinone, 34, 1
of diazotized 3,5-dichloro-2-aminoben-
zoic acid to give 4,4’,6,6'-tetrachloro-
diphenic acid, 31, 96
of diphenyldichloromethane to tetra-
phenylethylene, 31, 104
Creased flask, 37, 55
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CreosoL, 33, 17
Crotonaldehyde, 33, 15; 34, 29
diethyl! acetal, 32, 5
Cupric acetate monohydrate, 36, 77
Cuprous oxide-silver oxide, 36, 36, 37
Cyanamide, 34, 67; 36, 8
Cyanoacetamide, 32, 34
Cyanoacetic acid, 31, 25
Cyanoacetylurea, 37, 16
p-Cyanobenzaldehyde, 30, 100
p-Cyanobenzaldiacetate, 36, 59
3-Cyano-5,6-dimethyl-2(1)-pyridone, 32, 34
N-2-CYANOETHYLANILINE, 36, 6
N-2-Cyanoethyl-p-anisidine, 36, 7
Cyanoethylation, of aniline, 36, 6
of ethyl phenylcyanoacetate, 30, 80
N-2-Cyanoethyl-m-chloroaniline, 36, 7
Cyanogen, 32, 31
CYANOGEN IODIDE, 32, 29
Cyanogen iodide, complex with sodium io-
dide, 32, 31
N-Cyanoguanidine, 35, 69
Cyanohydrin formation, 33, 7
3-Cyano-6-isobutyl-2(1)-pyridone, 32, 34
3-CYANO-6-METHYL-2(1)-PYRIDONE, 32, 32
1-Cyano-3-a-naphthylurea, 36, 11
1-CYANO-3-PHENYLUREA, 36, 8
Cyclic acyloins, 36, 82
Cyclization, S-aminoethylsulfuric acid to
ethylenimine, 30, 38
1,2-benzo-3,4-dihydrocarbazole from
phenylhydrazine and a-tetralone,
30, 91
o-benzoyloxyacetophenone, 32, 73
o-carboxycinnamic acid to phthalide-
acetic acid, 34, 10
1,4-dichlorobutane to tetrahydrothio-
phene, 36, 89
dimethyl glyoxime to dimethylfurazan,
34, 40
3,5-dimethylpyrazole from acetylacetone
and hydrazine, 31, 43
5-ethyl-2-methylpyridine synthesis,
30, 41
hexahydro-1,3,5-triacyl-s-triazines from
nitriles and formaldehyde, 30, 51
o-hydroxydibenzoylmethane, acid cata-
lyzed, 32, 72
malic acid to coumalic acid, 31, 23
2-mercaptobenzimidazole from
o-phenylenediamine, 30, 56

Cyclization, 2-mercaptobenzoxazole from
o-aminophenol, 30, 57
methyl cyclopropyl ketone from 5-chloro-
2-pentanone, 31, 74
1-methyl-3-ethyloxindole from
N-methyl-a-bromo-z-butyranilide,
30, 63
2-methylquinoxaline from o-phenylene
diamine, 30, 88
a-phenoxyacetoacetic acid, 33, 43
quinozxaline from o-phenylenediamine,
30, 86
sebacoin from dimethyl sebacate, 36, 79
1,2,3,4-tetrahydrocarbazole from phenyl-
hydrazine and cyclohexanone, 30, 90
Cyclobutanecarboxylic acid, 33, 24
1,1-CYCLOBUTANEDICARBOXYLIC ACID, DI-
ETHYL ESTER, 33, 23
Cyclodecane, 36, 15
1,2-CYCLODECANEDIOL (cis and #rans),
36, 12
1,2-CYCLODECANEDIONE, 36, 77
CYCLODECANONE, 36, 14 *
2-HYDROXY-, 36, 79
Cyclodecanone, semicarbazone, 36, 15
CYCLOHEPTANONE, 34, 19, 24
2-PHENYL, 35, 91
AY*.CYCLOHEXANEACETIC ACID, @-CYANO-,
31, 25, 26
CYCLOHEXANECARBONITRILE, 1,1"-AZ0DI-,
32,16
1,1’-HYDRAZODI-, 32, 50
1,2-CYCLOHEXANEDICARBOXYLIC ACID, DI-
ETHYL ESTER c¢is-, 30, 29
Cyclohexanedione, 32, 35
1,2-CYCLOHEXANEDIONE DIOXIME, 32, 35
CYCLOHEXANOL, 1,1’-ETHINYLENEDI-, 32, 70
2,2,6,6-tetrakis-(HYDROXYMETHYL)-,
31, 101
Cyclohexanone, 30, 90; 31, 25, 101; 32, 35,
50, 70; 34, 19, 24, 54; 35, 40, 94
CYCLOHEXANONE, 2-CHLORO-2-METHYL-,
37, 8
2,3-EPOXY-3,5,5-TRIMETHYL-, 37, 58
Cyclohexanone, 2-methyl-, 37, 8, 10
Cyclohexanone oxime, 32, 15
Cyclohexene, 31, 66
1-Cyclohexene-1-acetonitrile, 31, 25, 26
4-CYCLOHEXENE-1,2-DICARBOXYLIC AN-
HYDRIDE, cis-, 30, 93
Cyclohexene oxide, 32, 39, 40
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CYCLOHEXENE SULFIDE, 32, 39

2-CYCLOHEXENONE, 2-METHYL-, 37, 8

1-CYCLOHEXENYLACETONITRILE, 31, 25, 26

Cyclohexylidenecyanoacetic acid, 31, 25,
26

1,2-Cyclononanedione, 36, 78

Cyclopentadiene, 32, 41; 36, 32, 35

CYCLOPENTANOL, 2-CHLORO-, frans-, 30, 24

Cyclopentene, 30, 25

CYCLOPENTENE, 3-CHLORO-, 32, 41

2-CYCLOPENTENE-1-MALONIC ACID, DIETHYL
ESTER, 32, 52

Cytosines, 3-alkyl-5-cyano-, 37, 54

Debromination of cholesterol dibromide by
zinc, 35, 53
Decarbonylation of a-ethoxalylstearate,
34, 14
Decarboxylation, of enanthylsuccinic acid,
34, 53
of isodehydroacetic acid, 32, 57
of 3-methylcoumarilic acid, 33, 44
of m-nitrocinnamic acid, 33, 62
of phenylcinnamic acid, 33, 88
Dechlorination of 1,1-dichloro-2,2-difluoro-
ethylene, 36, 19
Decomposition of o-nitrophenylazide to
benzofurazan oxide, 31, 14
n-Decyl fluoride, 36, 42
Decylketene dimer, 31, 68
Dehydration, of chloroacetamide, 30, 22
of crotonaldehyde chlorohydrin, 33, 15
of ethyl 4-ethyl-2-methyl-3-hydroxy-
octanoate, 37, 39
of 2-ethylhexanamide with thionyl chlo-
ride, 32, 65
of fumaramide, 30, 46
of trans-methylstyrylcarbinol, 30, 76
of nicotinamide, 33, 52
of nicotinamide-1-oxide, 37, 12
of a-phenylglutaric acid to a-phenyl-
glutaric anhydride, 30, 82
of tartaric acid, 35, 49
of p-toluenesulfonic acid monohydrate,
36, 91
Dehydrobromination, of 2-bromododeca-
noic acid, 37, 29
with sodium amide, of 10,11-dibromo-
hendecanoic acid, 32, 104
of 9,10-dibromoictadecanoic acid,
37,77

Dehydrochlorination, of acid chlorides, 31,
68, 71
of carbamyl chlorides, 31, 62
of 2-chloro-2-methylcyclohexanone, 37,
9, 10
of 1,3-dichloro-2-butene, 35, 20
of 1-(p-nitrophenyl)-4-chloro-2-butene,
31, 80
with collidine, 37, 9
with lithium chloride, 37, 10
Dehydrogenation of hydrazo compounds
with bromine, 32, 16
Dehydrohalogenation by sodium amide, 30,
72; 32, 104; 37, 77
Dehydrosulfidation, 31, 19
Desulfonation, 31, 45
Desulfurization of arylthioureas, 31, 20, 21
DIACETYL-d-TARTARIC ANHYDRIDE, 35, 49
Dialuric acid monohydrate, 33, 6
2,4-D1AMINO-6-HYDROXYPYRIMIDINE, 32, 45
4,6-Diamino-2-thio-1,3,5-thiadiazine, 35, 72
Diaminouracil bisulfite, 37, 16
DIAMINOURACIL HYDROCHLORIDE, 37, 15
Diamylamine, 32, 2
Di-n-amy! ketone, 31, 71
2,4-Di-tert-amylphenoxyacetyl chloride,
37, 69
N,N’-Diarylformamidines, 31, 51
Diazomethane, 34, 24, 99
DIAZOMETHANE, 36, 16
Diazotization, of p-aminoacetophenone,
34,1
of 2-aminopyrimidine, 35, 34
of 3-amino-2,4,6-tribromobenzoic acid,
36, 95
of 3,5-dichloro-2-aminobenzoic acid,
31, 96
of m-nitroaniline, 33, 56
of o-nitroaniline, 31, 14
of p-nitroaniline, 31, 80
Dibenzoyl disulfide, 32, 103
Dibenzoyl sulfide, 32, 103
N,N-Dibromoacetamide, 31, 18
a,a’-Dibromobibenzyl, 31, 30
4,4’-Dibromobibenzyl, 31, 29
4,4’-DIBROMOBIPHENYL, 31, 29
Sa,63-DIBROMOCHOLESTAN-3-ONE, 35, 45
2,6-Dibromocyclohexanone, 32, 38
a,3-Dibromoethyl ethyl ether, 36, 61
10,11-Dibromohendecanoic acid, 32, 105
Dibromostearic acid, 37, 77
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N,N’-Dibutylbenzidine, 36, 22
Di1-tert-BUTYL MALONATE, 33, 20; 34, 26
Di-n-butyl d-tartrate, 35, 19
N,N’-Dicarbethoxyputrescine, 36, 72
Dichloroacetaldehyde, 32, 48
Dichloroacetic acid, 32, 47; 35, 60
Dichloroacetyl chloride, 32, 46
3,5-Dichloro-2-aminobenzoic acid, 31, 96
1,4-Dichlorobutane, 36, 89
1,3-Dichloro-2-butene, 35, 20
p-Di(chloro-tert-butyl)benzene, 32, 91
4,4’-DICHLORODIBUTYL ETHER, 30, 27
1,1-DI1CHLORO-2,2-DIFLUOROETHYLENE,
36, 19
2,2-DICHLOROETHANOL, 32, 46
2,6-Dichloro-4-methylpyrimidine, 35, 82
1,1-Dichloro-1-nitroethane, 37, 25
2,5-Dichloroquinone, 35, 26
Dicyandiamide, 33, 13; 35, 69
1,1’-D1cyanNo-1,1’-BICYCLOHEXYL, 32, 48
1,2-D1-1-(1-CYANO)CYCLOHEXYLHYDRAZINE,
32, 16, 50
a,a’-Dicyano-B-ethyl-B-methylglutarimide,
36, 29
1,2-Di-2-(2-cyano)propylhydrazine, 32, 51
Dicyclopentadiene, 32, 41; 36, 33; 37, 65
DiELs acip, 35, 38
Diels-Alder reaction, of acrolein with
n-butyl cyclohexenyl ether, n-butyl
vinyl ether, and ethyl isopropenyl
ether, 34, 30
of butadiene with maleic anhydride,
30, 93
of ethylene with dicyclopentadiene, 37, 65
of ethyl vinyl ether with acrolein, benzal-
acetone, benzalacetophenone, cinna-
maldehyde, crotonaldehyde, a-ethyl-
B-n-propylacrolein, g-furylacrolein,
methacrolein, and methyl vinyl ketone,
34, 30
of methyl vinyl ether, with acrolein,
34, 30
with crotonaldehyde, 34, 29
Diene synthesis of cis-A*-tetrahydro-
phthalic anhydride, 30, 93
Diethoxymethylenimine, 32, 62
Di-(p-ethoxyphenyl)urea, 31, 12
Diethyl acetylenedicarboxylate, 32, 56
Diethyl adipate, 31, 32; 36, 69
Diethylamine, 36, 7, 34
Diethylamine hydrochloride, 37, 18

1-D1ETHYLAMINO-3-BUTANONE, 37, 18

3-Diethylaminopropionitrile, 36, 7

Diethylaniline, 31, 111

Diethylaniline hydrochloride, 31, 112

Diethyl benzalmalonate, 30, 84

N,N-Diethylbenzenesulfenamide, 35, 101

N,N’-DIETHYLBENZIDINE, 36, 21

DIETHYL BENZOYLMALONATE, 37, 20

Diethyl bromoacetal, 35, 52, 53

Diethyl carbonate, 30, 44

DIETHYL CETYLMALONATE, 34, 13

Diethylchloroacetal, 34, 46

Diethylcyanamide, 36, 25

DIETHYL A2-CYCLOPENTENYLMALONATE,
32, 52 .

Diethylene glycol, 31, 83; 34, 32

DIETHYL ETHYLIDENEMALONATE, 32, 54

Diethyl ethylphosphonate, 31, 34

Diethyl fumarate, 30, 46

DIETHYL HEPTANOYLSUCCINATE, 34, 51

DIETHYL ¢is-HEXAHYDROPHTHALATE, 30, 29

Diethyl hydrogen phosphite, 31, 112

Diethyl maleate, 34, 51

Diethyl malonate, 30, 70; 32, 52, 54, 55; 33,
23; 37,20, 34

benzoylation of, 37, 20

DIETHYL MERCAPTOACETAL, 35, 51

Diethyl methylphosphonate, 31, 34

Diethyl o-nitrobenzoylmalonate, 30, 71

Diethyl oxalate, 34, 13; 37, 71

Diethyl w-phthalimidobutylmalonate,
32,15

N,N-Diethylselenourea, 36, 25

Diethyl sodium phthalimidomalonate, 30, 7

Diethyl succinate, 30, 19

DIETHYL cis-A*-TETRAEYDROPHTHALATE,
30, 29

DIETHYLTHIOCARBAMYL CHLORIDE, 35, 55

3,4-DiAYDRO-2-METHOXY-4-METHVL-
2H-rYRAN, 34, 29, 71

3,4-D1aypRro-2(1H)-NAPHTHALENONE, 32,
97, 99

5,8-Dihydro-1-naphthol, 37, 81

9,10-DIEYDROPHENANTHRENE, 34, 31

Dihydropyran, 30, 48

5,5-DIEYDROXYBARBITURIC ACID, 32, 6

$-(2,5-DIHYDROXYPHENYL)ACETOPHENONE,
34,1

Dihydroxystearic acid, 37, 69

1,4-DIIODOBUTANE, 30, 33, 34, 37

1,6-DIIODOHEXANE, 31, 31; 34, 38
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1,5-Diiodopentane, 34, 39
1,3-Diiodopropane, 34, 38
DIISOBUTYLTHIOCARBAMYL CHLORIDE,
35, 57
Diisopropyl ethylphosphonate, 31, 34
Di11SOPROPYL METHYLPHOSPHONATE, 31, 33
Di1ISOPROPYLTHIOCARBAMYL CHLORIDE,
35, 57 ‘
Dimerization of styrene, 35, 83
Dimethoxybenzaldehyde, 30, 60; 31, 35, 55
2,3-DIMETHOXYCINNAMIC ACID, 31, 35
2,3-Dimethoxyphenylacetamide, 32, 94
3,4-Dimethoxyphenylacetamide, 32, 94
DIMETHYL ACETYLENEDICARBOXYLATE,
32, 55
Dimethylamine, reaction with 2-chloro-
pyrimidine, 35, 58
reaction with formaldehyde and
2-methylfuran, 35, 78
Dimethylamine (aqueous), 32, 61; 33, 57
B-Dimethylaminoethanol, 31, 37
B-DIMETHYLAMINOETHYL CHLORIDE HYDRO-
CHLORIDE, 31, 37
2-(DIMETHYLAMINO)PYRIMIDINE, 35, 58
Dimethylaniline, 33, 20, 27
2,3-Dimethylbenzyl acetate, 34, 60
2,3-Dimethylbenzyl alcohol, 34, 60
2,3-Dimethylbenzyldimethylamine, 34, 63
2,3-Dimethylbenzylethyldimethylammo-
nium bromide, 34, 60
2,3-Dimethylbenzyltrimethylammonium
iodide, 34, 56, 63
2,3-Dimethyl-2-butene, 31, 67
4,6-DIMETHYLCOUMALIN, 32, 57
Dimethylcyanamide, 32, 62; 36, 24
Dimethylformamide, 33, 27; 36, 74, 89; 37,
10, 44
Dimethyl fumarate, 30, 47
DIMETHYLFURAZAN, 34, 40
B,8-DIMETHYLGLUTARIC ACID, 31, 40
Dimethylglyoxime, 34, 40
Dimethyl cis-hexahydrophthalate, 30, 32
2,3-Dimethyl-2-iodobutane, 31, 67
DIMETHYL KETENE, 33, 29
DIMETHYL MERCAPTOACETAL, 35, 54
3,5-DIMETHYLPYRAZOLE, 31, 43
4,6-Dimethyl-1,2-pyrone, 32, 78
5,5-Dimethyl-2-pyrrolidone, 32, 59; 33, 33
Dimethyl schacate, 36, 79
NON-DIMETHYLSELENOUREA, 36, 23
Dimethyl sulfate, 31, 72, 91

Dimethyl sulfoxide, 37, 45
Dimethyl cis-A*-tetrahydrophthalate,
30, 31
Dimethylthiocarbamate, 32, 63
DIMETHYLTHIOCARBAMYL CHLORIDE, 35, 57
asym-DIMETHYLUREA, 32, 61
Di-a-naphthylthiourea, 36, 57
2,6-DINITROANILINE, 31, 45; 32, 23
2,p'-DINITROBIBENZYL, 34, 35
1,4-DINITROBUTANE, 34, 37
2,3-Dinitro-2-butene, 37, 25
1,6-Dinitrohexane, 34, 38
3,4-DINITRO-3-HEXENE, 37, 23
1,4-Dinitropentane, 34, 39
1,1-Dinitropropane, 37, 24, 25
1,3-Dinitropropane, 34, 38
Dioxane, 32, 35; 34, 85
m-DIOXANE, 4-PHENYL, 33, 72, 76
Dioxane sulfotrioxide, 34, 85
Dipentaerythritol, 31, 84
dl-DIpHENIC ACID, 4,4/,6,6'-TETRACHLORO-,
31, 96
Diphenylacetamidine, 31, 51
a,y-Diphenylacetoacetonitrile, 35, 32
a,v-Diphenylacetonitrile, 35, 34
DIPHENYLACETYLENE, 34, 42
1,4-DIPHENYL-5-AMINO-1,2,3-TRIAZOLE,
37, 26
N,N’-Diphenylbenzamidine, 31, 48
Diphenylbenzamidine hydrochloride, 31,
49
«,3-DIPHENYLCINNAMONITRILE, 31, 52
Diphenyldichloromethane, 31, 104
N,N’-Diphenylformamidine, 35, 65
1,3-Diphenyl-2-propanone, 35, 33
DIPHENYL SUCCINATE, 34, 44
a,a’-DIPHENYLSUCCINONITRILE, 32, 63
meso-a,o’ -DIPHENYLSUCCINONITRILE, 32, 64
Diphenylsulfoxide, 37, 7
Disodium monohydrogen phosphate do-
decahydrate, 34, 83; 37, 74
Distillation apparatus, 31, 70
2,4-DITHIOBIURET, 35, 70
Di-p-tolylacetylene, 34, 43
Dodecanoic acid, 37, 29
2-bromo-, 37, 29
trans-2-DODECENOIC ACID, 37, 27
3-Dodecenoic acid, 37, 31
DobrcyLaMiNgE, N-METHYL-, 36, 48
n-Dodecyl fluoride, 36, 42
Doebner reaction, 31, 35
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Drying methods, diethyl phthalate, 31, 2
magnesium ethoxide, 31, 2
DuLcIn, 31, 10

ELECTROLYTIC APPARATUS, 35, 22
Electrolytic reduction of o-chloronitroben-
zene, 35, 23
Emulsion, minimizing of, 37, 31
Enanthaldehyde, 34, 51
ENANTHALDEHYDE, ¢-METHYL-3-0XO-, DI~
METHYL ACETAL, 32, 79
Enanthic acid, e-oxo, 31, 3
Epichlorohydrin, 31, 1
Esterification, by azeotropic distillation
with toluene, 30, 30, 31
of coumalic acid with methanol, 36, 44
of diethoxyacetic acid, 35, 59
of ethanol with phosphorus trichloride,
31, 111
of malonic acid with isobutylene, 34, 26
of mandelic acid with ethanol, 36, 3
of monoethyl malonate with isobutylene,
37, 35
of pentaerythritol with benzenesulfonyl
chloride, 31, 82
of potassium acid salt of acetylenedicar-
boxylic acid with methanol, 32, 55
of salicylic acid with p-chlorophenol,
32, 25
of stearic acid with ethanol, 34, 15
of succinic acid with phenol, 34, 44
Ester interchange, between ethyl e-hromo-
propionate and sec-butyl alcohol, 35, 17
between vinyl acetate and fatty acids,
30, 106
Ethane, 1-chloro-1-nitro-, 37, 25
1,2-ETHANEDITHIOL, 30, 35
ETHANOL, 2,2-DICHLORO-, 32, 46
Ethanolysis, 33, 25
ETHER, BENZHYDRYL 2-CHLOROETHYL,
33, 11
BI1S(4-CHLOROBUTYL), 30, 27
BiS(CHLOROMETHYL), 36, I
2-CHLORO-1,1,2-TRIFLUOROETHYL ETHYL,
34, 16, 49
ETHYL ETHYNYL, 34, 46
Ethereal iodine, 32, 65
ETHOXYACETYLENE, 34, 46
B-Ethoxycrotonaldehyde dicthyl acetal,
32, 34
2-Ethoxy-3,4-dihydro-2H-pyran, 37, 74, 75

Ethoxymagnesiummalonic ester, 37, 20

o-Ethoxyphenylurea, 31, 10

p-Ethoxyphenylurea, 31, 10, 11

Ethyl acetoacetate, 31, 1, 57; 32, 76, 84; 33,
45; 37, 32

Ethyl a-acetyl-8-(2,3-dimethoxyphenyl)-
acrylate, 31, 56, 58

Ethyl a-acetyl-3-(3,4-dimethoxyphenyl)-
acrylate, 31, 58

ETHYL o-ACETYL-$3-(2,3-DIMETHOXY-
PHENYL)PROPIONATE, 31, 56

Ethyl a-acetyl-8-(3,4-dimethoxyphenyl)-
propionate, 31, 58

Ethylamine, reaction with chloroform,
35, 64

ETHYLAMINE, 2-CHLORO-N,N-DIMETHYL-,
HYDROCHLORIDE, 31, 37

N-METHYL-1,2-DIPHENYL-, 34, 64

N-Ethylaniline, 36, 22

Ethyl benzalmalonate, 37, 5

Ethyl benzoylacetate, 32, 85; 37, 3

ETHYL BENZOYLACETATE, 37, 32

ETHYL N-BENZYLCARBAMATE, 35, 91

ETHYL 3-BENZYL-2-CYANO-3-METHYLPENTA-
NOATE, 35, 7

Ethyl bromide, 34, 58; 36, 87

Ethyl a-bromobutyrate, 37, 44

Ethyl a-bromopropionate, 35, 17; 37, 38

ETHYL sec-BUTYLIDENECYANOACETATE, 35, 7

ETHYL /er{-BUTYLMALONATE, 37, 34

O-Ethylcaprolactim, 31, 73

Ethyl a-n-caproylpropionate, 35, 18

Ethyl chloroacetate, 30, 7; 34, 54

Ethyl chlorocarbonate, 35, 91; 37, 21

ETHYL CHLOROFLUOROACETATE, 34, 49

Ethyl 8-chloroisocrotonate, 32, 78

Ethyl a-chlorophenylacetate, 36, 3

Ethyl cyanoacetate, 32, 45; 35, 7; 36, 29;
37,15

Ethyl 2-cyano-3-ethyl-3-methylpentanoate,
35, 10

Ethyl 2-cyano-3-methyl-3-phenylpentano-
ate, 35, 10

ETHYL DIAZOACETATE, 36, 25

Ethyl dichloroacetate, 32, 47

ETHYL DIETHOXYACETATE, 35, 59

ETHYL ENANTHYLSUCCINATE, 34, 51

Ethylene, 32, 100; 37, 65

FETHYLENE, 1,1-DICHLORO-2,2-DIFLUORO-,
36, 19

TETRAPHENYL-, 31, 104

SUBJECT INDEX

Ethylene chloride, 34, 85, 86

Ethylene chlorchydrin, 30, 11; 33, 11

Ethylene dibromide, 30, 35

Ethylene diisothiuronium bromide, 30, 36

Ethylene glycol, drying of, 37, 42

Ethylene glycol monomethyl ether, 32, 43

ETHYLENESULFONYL CHLORIDE, 2-PHENYL-,
34, 85

ETHYLENIMINE, 30, 38

Ethylenimine, toxic properties of, 30, 40

Ethyl o-ethoxybenzoate, 32, 75

Ethyl 4-ethyl-2-methyl-3-hydroxyoctano-
ate, 37, 39, 40

Ethyl 4-ethyl-2-methyl-2-octenoate, 37,
39, 41

Ethyl 4-ethyl-2-methyl-3-octenoate, 37,
39, 41

Ethyl formate, 32, 32

Ethyl glycidyl ether, 31, 3

Ethyl glycinate hydrochloride, 36, 26

Ethyl glyoxylate, 35, 19

2-Ethylhexanal, 37, 38

2-Ethylhexanal oxime, 32, 67

2-Ethylhexanamide, 32, 65

2-Ethylhexanenitrile, 32, 65

2-Ethylhexanoic acid, 32, 66

Ethyl hydrogen malonate, 37, 34

4-Ethyl-4-hydroxy-2-methyloctanoic acid,
~-lactone, 37, 40

Ethylidene bromide, 32, 55

Ethyl iodide, 31, 34

reaction with silver cyanide, 35, 63
reaction with silver formanilide, 35, 66

ETHYL ISOCYANIDE, 35, 62

ETHYL ISODEHYDROACETATE, 32, 76

Ethyl lactate, 31, 59, 60

Ethylmagnesium bromide, 36, 87

Ethyl mandelate, 36, 3

Ethyl N-methylcarbamate, 35, 94

B-ETHYL-3-METHYLGLUTARIC ACID, 36, 28

4-Ethyl-2-methyl-3-hydroxyoctanoic acid,
ethyl ester, 37, 39, 40

4-Ethyl-2-methyl-1,4-octanolide, 37, 40

4-ETHYL-2-METHYL-2-OCTENOIC ACID, 37, 37

4-Fthyl-2-methyl-2-octenoic acid, ethyl
ester, 37, 39, 41

4-Tithyl-2-methyl-3-octenoic acid, ethyl
ester, 37, 39, 41

S5-ISTHYL-2 METHYLPYRIDINE, 30, 41

lornve, N ONETRO N BENZYLCARBAMATE,
35, 92
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ETHYL o-NITROBUTYRATE, 37, 44

Ethyl e-nitrocaproate, 37, 46

Ethyl a-nitroisobutyrate, 37, 46

Ethyl a-nitroisovalerate, 37, 46

Ethyl a-nitrophenylacetate, 37, 46

Ethyl a-nitropropionate, 37, 46

Ethyl orthocarbonate, 32, 68

Ethyl orthoformate, 32, 5; 35, 65; 37, 53

Ethy! orthosilicate, 32, 5

ErayL 8,3-PENTAMETHYLENEGLYCIDATE,
34, 54

Ethyl phenylacetate, 35, 31

FEthyl phenylazoacetoacetate, 32, 85

ETHYL PHENYLCYANOACETATE, 30, 43, 80

Ethyl g-phenyl-B-cyanopropionate, 30, 84

p-Ethylphenyldichlorophosphine, 31, 89

ETHYL N-PHENYLFORMIMIDATE, 35, 65

Ethyl phenylpropiolate, 32, 75

ETHYL PHOSPHITE, 31, 111

ETHYL PYRUVATE, 31, 59

Ethyl stearate, 34, 13

Ethyl vinyl ether, 37, 75

1-Ethynylcyclohexanol, 35, 2

1,1’-ETBYNYLENE-bi5-CYCLOHEXANOL,
32,70

Extraction apparatus, Kies, 37, 30

Extractor, continuous, 30, 4

Ferric chloride, 36, 31; 37, 77

FERROCENE, 36, 31, 34

Ferrous chloride solution in tetrahydro-
furan, 36, 31, 34

Fischer indole synthesis, of 1,2-benzo-
3,4-dihydrocarbazole, 30, 91

of 1,2,3,4-tetrahydrocarbazole, 30, 90

Flavilium chloride, 32, 75

FLAVONE, 32, 72

Flow meter, 34, 7

Fluorene, 34, 32

9-FLUORENECARBOXYLIC ACID, 33, 37

a-(4-Fluorophenyl)-vy-phenylacetoaceto-
nitrile, 35, 32

1-(p-FLUOROPHENYL)-3-PHENYL-2-PROPA-
NONE, 35, 33

Formaldehyde, 30, 51; 33, 72; 36, 1

FORMIMIDIC ACID, N-PHENYL-, ETHYL ESTER,
35, 65

a-Formylethyl methy! ketone, 32, 34

Formyl isobutyl ketone, 32, 34

Friedel-Crafts reaction, 30, 1; 31, 88; 32, 10

with nicotinyl chloride and benzene, 37, 6
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Fumaramide, 30, 46

FUMARONITRILE, 30, 46

2-FURANMETHANOL, 35, 66

FurAzaN, 3,4-DIMETHYL-, 34, 40

Furfural, 33, 39; 36, 36

FURFURAL DIACETATE, 33, 39

Furfuryl alcohol, 35, 67; 36, 37

FurRrFURYLAMINE, N,N,5-TRIMETHYL-,
35,78

Furfuryl chloride, 35, 68

2-Furfury! disulfide, 35, 68

S-2-Furfurylisothiourea, 35, 67

2-FURFURYL MERCAPTAN, 35, 66

2-Furoic Acip, 36, 36

Furylacrylic acid, 33, 25

Fusion, caustic, of vanillin, 30, 103

Glutaraldehyde, 37, 74, 75
GLUTARIC ACID, 30, 48; 37, 47
B,8-DIMETHYL-, 31, 40
3-ETHYL-3-METHYL, 36, 28
Glutaric acid monoamide, 37, 47
GLUTARIC ANHYDRIDE, a-PHENYL, 30, 81
GLUTARIMIDE, 37, 47
Glycerol, 32, 72
Glycerol-a,y-dichlorohydrin, 31, 2
Glycidic ester condensation, 34, 54
Glycine, 33, 1
Glyoxal-sodium bisulfite, 30, 86
GLYOXYLIC ACID, #-BUTYL ESTER, 35, 18
ETHYL ESTER, DIETHYL ACETAL, 35, 59
Grignard reaction, addition to ethyl sec-
butylidenecyanoacetate, 35, 7
allylmagnesium bromide with a,8-di-
bromoethy! ethyl ether, 36, 61
allylmagnesium chloride with a,3-di-
bromoethyl ethyl ether, 36, 63

ethylmagnesium bromide with tin tetra-

chloride, 36, 86
N-methyl-1,2-diphenylethylamine, 34, 64
trans-methylstyrylcarbinol, 30, 77
tetraphenylarsonium chloride hydrochlo-

ride, 30, 97

Guanidine, 32, 96

Guanidine hydrochloride, 32, 45
GUANYLTHIOUREA, 35, 69
D-GULONIC ACID, y-LACTONE, 36, 38

Half ester, of malonic acid, 37, 34
Heating tape, 37, 4, 68
Heat transfer salt, 37, 49

Hell-Volhard-Zelinsky reaction, 33, 29;
37,29
HEMIMELLITENE, 34, 56
HENDECYNOIC ACID, 32, 104
n-HEPTAMIDE, 37, 50
n-Heptanoic acid, 37, 50
1-HEPTEN-3-ONE, 1-CHLORO-6-METHYL-,
32,27
n-Heptylamine, 37, 52
3-n-HEPTYL-5-CYANOCYTOSINE, 37, 52
n-Heptyl fluoride, 36, 42
N-n-Heptylurea, 37, 52
3-n-Heptylureidomethylenemalononitrile,
37, 52
HEXADECANOIC ACID, 2-SULFO-, 36, 83
n-Hexadecyl fluoride, 36, 42
Hexahydro-1,3,5-triacetyl-s-triazine, 30, 52
Hexahydro-1,3,5-triacrylyl-s-triazine,
30, 52
Hexahydro-1,3,5-tribenzoyl-s-triazine,
30, 52
Hexahydro-1,3,5-tri-(8-chloropropionyl)-
s-triazine, 30, 52
Hexahydro-1,3,5-trimethacrylyl-s-triazine,
30, 52
HExAHRYDRO-1,3,5-TRIPROPIONYL-~S-TRI-
AZINE, 30, 51
HEXAMETHYLBENZENE, 35, 73
Hexamethylenediamine, 31, 62
Hexamethylenediammonium chloride,
31, 62
HEXAMETHYLENE DIISOCYANATE, 31, 62, 63
Hexamethylenetetramine, 30, 67; 31, 92;
33,93
HEXANE, 1,6-p110DO-, 31, 31
1-FLUORO-, 36, 40
1,6-Hexanediol, 31, 31
1,6-HEXANEDIOL, DIISOCYANATE, 31, 62
1-Hexene, 31, 67
3-HEXENE, 3,4-DINITRO-, 37, 23
n-Hexylacetylene, 30, 17
n-Hexyl alcohol, 36, 42
N-Hexylaniline, 36, 23
n-Hexyl bromide, 36, 41
n-HEXYL FLUORIDE, 36, 40
1-Hexyne, 30, 15
Hofmann degradation, 30, 3
Hydration of 1-ethynylcyclohexanol, 35, 1
Hydrazine hydrate, 34, 42; 36, 69
Hydrazine sulfate, 31, 43; 32, 50
Hydrazinolysis of dicthyl adipate, 36, 69
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Hydrazoic acid, 31, 16
2,2'-Hydrazo-bis-isobutyronitrile, 32, 51
HYDROCINNAMIC ACID, a-ACETYL-2,3-DI-
METHOXY-, ETHYL ESTER, 31, 56
2-CARBOXY-, 34, 8
Hydrogenation, of a double bond, 30, 30,
32; 31, 56, 57
of a nitro compound to an amine with
Raney nickel, 34, 20
of 5,8-dihydro-1-naphthol, 37, 81
of y-ketocapric acid over Raney nickel,
34, 53
of B-methylglutaraldehyde over Raney
nickel, 34, 71
of phenanthrene, 34, 31
of sebacoin, 36, 12
over copper chromium oxide, 34, 31;
36, 12
over palladium, 30, 32; 31, 57
over platinum, 30, 30, 32
over Raney nickel for reductive alkyla-
tion, 30, 60, 61
Hydrogen chloride, 32, 42, 44; 34, 3, 66, 68;
36, 5, 63
Hydrogen cyanide, 33, 7
Hydrogen fluoride, catalyst for alkylations,
32,91
Hydrogen iodide, 31, 32
Hydrogenolysis of 2-thio-6-methyluracil,
35, 81
Hydrogen peroxide, 30, 97; 36, 55; 37, 58, 63
Hydrogen selenide, 36, 24
Hydrogen sulfide, 30, 65; 31, 106; 32, 103
in pyridine, 32, 103
Hydrolysis, amide to acid, 33, 7
and decarboxylation, of a-acetyl-
v-butyrolactone, 31, 74
of an acylmalonic ester, 30, 71
of a-phenyl-a-carbethoxyglutaro-
nitrile, 30, 81
of triethyl a-phthalimidoethane-
a,a,8-tricarboxylate, 30, 8
nitrile to amide, 33, 7
of 2-p-acetylphenylhydroquinone di-
acetate, 34, 1
of benzyl cyanide, 32, 92
of 3-benzyl-3-methylpentanenitrile, 35, 8
of a-(4-chlorophenyl)-y-phenylaceto-
acetonitrile, 35, 32
of 2-chloro-1,1,2-trifluorocthyl cthyl
cther, 34, 49

Hydrolysis, of a,a’-dicyano-8-ethyl-g-
methylglutarimide, 36, 29
of 3,4-dihydro-2-methoxy-4-methyl-
2H-pyran, 34, 71
of dihydropyran, 30, 48
of ethyl 3-benzyl-2-cyano-3-methyl-
pentanoate, 35, 8
of ethyl enanthylsuccinate, 34, 53
of ethyl S-phenyl-8-cyanopropionate,
30, 84
of o-methylbenzyl acetate, 34, 58
of y-phenylallylsuccinic anhydride, 31, 85
of a,a,a’ o' -tetrabromo-o-xylene to
o-phthalaldehyde, 34, 83
of p,a,a-tribromoacetophenone, 35, 11
Hydroperoxide, quantitative estimation of,
34,92
HYDROPEROXIDE, (1,2,3,4-TETRAHYDRO-
1-NAPHTHYL)-, 34, 90
Hydroquinone, 32, 28; 34, 29
as stabilizer for aldehydes, 37, 40
o-Hydroxyacetophenone, 32, 72
4-HyDROXY-1-BUTANESULFONIC ACID SUL-
TONE, 37, 55
2-Hydroxycyclodecanone, 36, 79
2-Hydroxycyclononanone, 36, 78
o-Hydroxydibenzoylmethane, 32, 74
B-Hydroxyethylphthalimide, 32, 19
Hydroxylammonium chloride, 32, 36
Hydroxymethylation of cyclohexanone,
31, 101
1-(2-Hydroxy-1-naphthyl)urea, 31, 13
6-HYDROXYNICOTINIC ACID, 36, 44
2-Hydroxypyrimidine hydrochloride, 35, 35
8-Hydroxyvaleraldehyde, 30, 48, 50
Hypophosphorous acid, 36, 96

5-Imino-2,2-dimethylpyrrolidine, 32, 60
Todination, of thiophene, 30, 53

of veratrole, 36, 46
Todine, 30, 53; 32, 29, 31; 36, 47
TODOCYCLOHEXANE, 31, 32, 66
2-Todoethyl benzoate, 30, 11
2-Todohexane, 31, 67
#p-Todomandelic acid, 35, 14
Todometric determination of active oxygen,

34, 92

2-Todo-5-nitrothiophene, 30, 55
1-Todopropane, 31, 32
2-lopormopieNe, 30, §3; 35, 85
4 1onovERATROLE, 36, 46
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Ton exchange in the preparation of e-amino-
caproic acid, 32, 13

Ion-exchange resin, 37, 55, 56

IRON, DICYCLOPENTADIENYL-, 36, 30, 34

Iron powder, 36, 31

Isoamylacetylene, 30, 17

N-Tsoamylaniline, 36, 23

2H-Is0AZEPINE, 3,4,5,6-TETRAHYDRO-
7-METHOXY-, 31, 72

N-Isobutylaniline, 36, 23

Isobutylene, 34, 26; 37, 35

Isobutyranilide, 33, 30

Isobutyric acid, 33, 29

ISOCAPROIC ACID, y-NITRO, METHYL ESTER,
32, 86

Isocaproyl chloride, 32, 27

ISOCYANIC ACID, HEXAMETHYLENE ESTER,
31, 62

ISODEHYDROACETIC ACID, 32, 57, 76

Isomerization of A% to A*-cholesten-3-one,
35,43

Isomerized wood rosin, 32, 2

Isonicotinic acid, 37, 7

2-Isonitrosocyclohexanone, 32, 38

Isophorone, 37, 58

ISOPHORONE OXIDE, 37, 58

TIsopropy! alcohol, 31, 112

Isopropyl iodide, 30, 34; 31, 33

p-Isopropylphenylacetamide, 32, 94

p-Isopropylphenyldichlorophosphine, 31, 89

ISOTHIOCYANIC ACID, 1-NAPHTHYL ESTER,
36, 56

ITACONYL CHLORIDE, 33, 41

Japp-Klingemann reaction, 32, 85

B-Ketobutyraldehyde, dimethyl acetal,
32, 80
v-Ketocapric acid, 34, 53
2-Ketohexamethylenimine, 32, 13
B-KETO-ISOOCTALDEHYDE DIMETHYL
ACETAL, 32, 79
KETONE, 9-ANTHRYL METHYL, 30, I
CYCLOPROPYL METHYL, 31, 74
1-HYDROXYCYCLOHEXYL METHYL, 35, 1
PHENYL 3-PYRIDYL, 37, 6
Ketone synthesis, 33, 84
Kies extraction apparatus, 37, 30

v-Lactones, formation from B,y-unsatu-
rated acids, 37, 39

Lauric acid, 30, 106; 31, 69; 37, 29
a-bromo-, 37, 29
LAURIC ACID, VINYL ESTER, 30, 106
LAURONE, 31, 68
Lauroy! chloride, 31, 68
LAURYLMETHYLAMINE, 36, 48
Lead acetate trihydrate, 31, 19
Lead sulfide, 31, 19
Lead tetraacetate, 35, 18
Lithium aluminum hydride, 32, 46; 33, 33,
82; 36, 49
reduction of disulfides by, 35, 54
Lithium chloride, as dehydrochlorinating
agent, 37, 10
Lithium metal, 37, 80

Magnesium, 30, 70, 97; 34, 65; 36, 61, 87

Magnesium bromide hydrosulfide, 32, 103

Magnesium derivative, of malonic ester,
37,20

Magnesium oxide, 33, 84

-Maleic anhydride, 30, 93; 31, 85; 34, 31, 32

Malic acid, 31, 23
MALONALDEHYDE, NITRO-, SODIUM DERIVA-
TIVE, 32, 95
Malonic acid, 31, 35; 33, 20, 62; 34, 26
MALONIC ACID, BENZOYL, DIETHYL ESTER,
37, 20
CETYL-, DIETHYL ESTER, 34, I3
DI-fert-BUTYL ESTER, 34, 26
ETHYL fer{-BUTYL ESTER, 37, 34
Malonic acid, ethy! half ester, 37, 34
MALONIC ACID, ETHYLIDENE, DIETHYL
ESTER, 32, 54
Malonic ester, acylation by o-nitrobenzoyl
chloride, 30, 70
ethoxymagnesium derivative, solution of,
30, 70; 37, 20
Malonic ester syntheses, 30, 7
Malononitrile, 37, 53
Malonyl dichloride, 33, 20
Mandelic acid, 36, 3
Mandelic acid, p-bromo, 35, 11
Mannich reaction, with acetone, 37, 18
MERCAPTOACETALDEHYDE, DIETHYL
ACETAL, 35, 51
2-MERCAPTOBENZIMIDAZOLE, 30, 56
2-Mercaptobenzoxazole, 30, 57
Mercuric cyanide, 32, 31
Mercuric oxide, 34, 42; 36, 48
Methallyl chloride, 32, 90
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METHANE, DIAZO-, 36, 16
METHANEPHOSPHONIC ACID, DIISOPROPYL
ESTER, 31, 33
Methanesulfonic acid, 30, 58
METHANESULFONYL CHLORIDE, 30, 58
Methone, 31, 40
0-Methoxybenzaldehyde, 35, 75
2-Methoxy-4-methyl-3,4-dihydro-H-pyran,
35, 88
0-METHOXYPHENYLACETONE, 35, 74
p-METHOXYPHENYLACETONITRILE, 36, 50
2-(m-Methoxyphenyl)cycloheptanone,
35, 94
2-(o-Methoxyphenyl)cycloheptanone,
35, 94
2-(p-Methoxyphenyl)cycloheptanone,
35, 94
1-(o-METHOXYPHENYL)-2-NITRO-1-PRO-
PENE, 35, 74
1-(p-Methoxyphenyl)-3-phenyl-2-propa-
none, 35, 33
p-Methoxyphenylurea, 31, 10, 13
Methoxyquinone, 35, 27
METHYL p-ACETYLBENZOATE, 32, 81
Methyl acrylate, 30, 65; 32, 86
v-Methylallophanate, methyl, 32, 62
Methylamine, 30, 60; 34, 65, 97
Methylamine hydrochloride, 37, 74
4’-Methyl-2-aminobenzophenone, 32, 12
N-METHYLAMINOPYRIMIDINE, 35, 59
N-Methylaniline, 30, 62; 31, 110
N-Methylarylamines, preparation by re-
ductive alkylation, 30, 59, 60

. Methylation, of e-caprolactam, 31, 72

of quinacetophenone, with dimethyl sul-
fate, 31, 91
with methyl iodide, 31, 90
2-Methy!-3,1,4-benzoxaz-4-one, 32, 12
o-Methylbenzyl acetate, 34, 58
0-METHYLBENZYL ALCOHOL, 34, 58
2-METHYLBENZYLDIMETHYLAMINE, 34, 61
2-Methylbenzylethyldimethylammonium
bromide, 34, 58
2-Methylbenzyltrimethylammonium io-
dide, 34, 63
N-Methyl-a-bromo-»n-butyranilide, 30, 63
O-METHYLCAPROLACTIM, 31, 72
Methyl Cellosolve, 32, 43
Methyl chloride, 32, 22
Methyl coumalate, 36, 44
2-Methyleyclohexanol, 31, 4; 37, 10

2-Methylcyclohexanone, 37, 8, 10
2-METHYL-2-CYCLOHEXENONE, 37, 8
METHYL CYCLOPROPYL KETONE, 31, 74, 75
N-METHYL-2,3-DIMETHOXYBENZYLAMINE,
30, 59
N-METHYL-1,2-DIPHENYLETHYLAMINE AND
HYDROCHLORIDE, 34, 64
Methyl p-ethylbenzoate, 32, 82
Methy! ethyl ketone, 36, 29
1-METHYL-3-ETHYLOXINDOLE, 30, 62
N-Methylformanilide, 31, 109
2-Methylfuran, 35, 78
S5-METHYLFURFURYLDIMETHYLAMINE,
35,78
B-Methylglutaraldehyde, 34, 72; 35, 88
B-Methylglutaric acid, 35, 88
METHYLGLYOXAL-w-PHENYLHYDRAZONE,
32, 84
4-METHYL-6-HYDROXYPYRIMIDINE, 35, 80
Methyl iodide, 31, 33, 90; 34, 61
2-Methyl-1-iodopropane, 31, 32
2-Methyl-2-iodopropane, 31, 32
METHYLISOUREA HYDROCHLORIDE, 34, 67
N-Methyllauramide, 36, 49
Methylmagnesium bromide, 30, 75
METHYL y-METHYL-Y-NITROVALERATE, 32,
59, 86
N-Methylmyristamide, 36, 49
Methylmyristylamine, 36, 49
3-METHYL-4-NITROPYRIDINE-1-OXIDE,
36, 53
Methylnonylamine, 36, 49
3-METHYLOXINDOLE, 37, 60
N-Methylpelargonamide, 36, 49
3-METHYL-1,5-PENTANEDIOL, 34, 71; 35, 87
p-Methylphenylacetamide, 32, 94
2-(o-Methylphenyl)cycloheptanone, 35, 94
2-(p-Methylphenyl)cycloheptanone, 35, 94
1-METHYL-3-PHENYLINDANE, 35, 83
2-Methyl-5,6-pyrazinedicarbozxylic acid,
30, 89
3-Methylpyridine, 36, 55
3-Methylpyridine-1-oxide, 36, 53, 54
2-Methylquinoxaline, 30, 88, 89
a-Methylstyrene, 35, 84
trans-Methylstyrylcarbinol, 30, 77
4-Methyl-1-tetralone, 35, 96
METHYL 2-THIENYL SULFIDE, 35, 85
METHYL B-THIODIPROPIONATE, 30, 65
2-Mcthylthio-6-methyluracil, 35, 82
3-Methylthiophene, 33, 90; 34, 73
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1-(p-Methylthiophenyl)-3-phenyl-2-propa-
none, 35, 33

N-Methyl-p-toluenesulfonamide, 34, 97

B-METHYL-6-VALEROLACTONE, 35, 87

Methyl vinyl ether, 34, 29

Methyl vinyl ketone, 37, 19

Michael condensation between 3-nitropro-
pane and methyl acrylate, 32, 86

Monochlorourea, 30, 24, 25, 26

Monoethanolamine, 32, 19

Monoethyl malonate, 37, 34

Mucobromic acid, 32, 95

1-NAPHTHALDEHYDE, 30, 67, 68
Naphthalene, 33, 50
Naphthalene-1,5-disulfonic acid, 32, 88
NAPHTHALENE-1,5-DISULFONYL CHLORIDE,
32, 88; 33, 47
1,5-NAPHTHALENEDITHIOL, 33, 47
1(2H)-NAPHTHATLENONE, 3,4-DIHYDRO-,
35, 95

1-Naphthol, 37, 80

5,8-dihydro-, 37, 81
1-Napuruor, 5,6,7,8-TETRAHYDRO-, 37, 80
2-Naphthol, 32, 11, 100; 34, 9
1,4-N APHTHOQUINONE, 33, 50
1-Naphthylacetamide, 32, 94
a-Naphthylcyanamide, 31, 20
B-Naphthyl ethyl ether, 32, 97
a-NAPHTHYL ISOTHIOCYANATE, 36, 56
B-Naphthyl isothiocyanate, 36, 57
B-Naphthyl methyl ether, 32, 100
a-Naphthylphenylacetylene, 34, 43
a-Naphthylthiourea, 36, 56
NEOPHYL CHLORIDE, 32, 90
Niacinamide, 37, 64
Nickel, dicyclopentadienyl-, 36, 35
Nicotinamide, 30, 3; 33, 52; 37, 63
NIcoTINAMIDE-1-OXIDE, 37, 12, 63
Nicotinic acid, 37, 6
NICOTINIC ACID, 6-HYDROXY-~, 36, 44
NICOTINONITRILE, 33, 52

2-CHLORO-, 37, 12

1,2-DIHYDRO-6-METHYL-2-0XO0-, 32, 32
Nicotinyl chloride, 37, 6
Nioxime, 32, 36
Nitration, of anthracene, 31, 77

of chlorobenzene, 31, 45

of cinnamaldehyde, 33, 60

of 3-methylpyridine-1-oxide, 36, 53

Nitration, of o-toluidine, 35, 3
of veratraldehyde, 33, 65
Nitric acid, 30, 48
concentrated, 31, 78
fuming, 36, 53
0-NITROACETOPHENONE, 30, 70
p-Nitroacetophenone, 30, 71
m-Nitroaniline, 33, 56
o-Nitroaniline, 31, 14; 37, 1
p-Nitroaniline, 31, 80
p-Nitroaniline hydrochloride, 31, 80
9-NITROANTHRACENE, 31, 77
m-Nitrobenzaldehyde, 33, 62
o-Nitrobenzaldehyde, 35, 89
0-NITROBENZALDIACETATE, 36, 58
$-NITROBENZALDIACETATE, 36, 58
p-Nitrobenzoic acid, 36, 59
2-Nitrobenzophenone, 32, 12
m-Nitrobenzoyl chloride, 33, 53
o-Nitrobenzoyl chloride, 30, 70
a-NITROBUTYRIC ACID, ETHYL ESTER, 37,
44
o-Nitrochlorobenzene, 32, 24
9-Nitro-10-chloro-9,10-dihydroanthracene,
31,78
m-Nitrocinnamic acid, 33, 62
a-Nitro esters, 37, 46
Nitroethane, 35, 74
Nitrogen, oxygen-free, 33, 5
1-(Nitromethyl)cyclohexanol, 34, 20
sodio derivative, 34, 20
o-Nitrophenyl azide, 31, 14
1-(p-N1TROPHENYL)-1,3-BUTADIENE, 31,
80, 81
1-(p-Nitrophenyl)-4-chloro-2-butene, 31, 80
trans-0-NITRO-a-PHENYLCINNAMIC ACID,
35, 89
p-Nitrophenyl salicylate, 32, 26
2-Nitropropane, 30, 100; 32, 86
Nitrosation, of 6-aminouracil, 37, 15
of N-methyl-p-toluenesulfonamide, 34, 97
m-Nitrostyrene, 33, 62
o-Nitrotoluene, 36, 58
p-Nitrotoluene, 31, 6; 34, 35; 36, 58
Nitrourea, 32, 61
n-Nonyl fluoride, 36, 42
NORBORNYLENE, 37, 65

9-OCTADECYNOIC ACID, 37, 77
OCTANOIC ACID, 2-METHYL-3-0X0-~, sec-
BUTYL ESTER, 35, 1§
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2-OCTENOIC ACID, 4-ETHYL-2-METHYL-,
37, 37
Octyl alcohol, 34, 3
n-Octyl fluoride, 36, 42
Oleic acid, 37, 66, 68, 77
OLEOYL CHLORIDE, 37, 66
ORTHOCARBONIC ACID, TETRAETHYL ESTER,
32, 68
1-OxASPIRO[2,5]0CTANE-2-CARBOXYLIC
ACID, ETHYL ESTER, 34, 54
Oxidation, by nitric acid, 30, 48
of aldehyde to carboxyl group, 30, 49
of 4-amino-3-chlorophenol, 35, 23
of an a-hydroxyketone to an a-diketone,
36, 77
of benzil dihydrazone with mercuric ox-
ide, 34, 42
of cholesterol, by cyclohexanone, 35, 39
by dichromate, 35, 36
of cyanide ion with iodine, 32, 29
of cyclohexanone with selenous acid,
32, 35
of di-n-butyl d-tartrate, 35, 18
of ethyl p-ethylbenzoate by air, 32, 81
of ethyl lactate to ethyl pyruvate, 31, 59
of furfural to 2-furoic acid, 36, 36
of hydroxyl to carboxyl group, 30, 49
of isophorone with peroxide, 37, 58
of methone to glutaric acid, 31, 40
of 2-methylcyclohexzanol, 31, 3; 37, 10
of 2-methylquinoxaline to 2-methylpyra-
zine-5,6-dicarboxylic acid, 30, 89
of naphthalene by chromic oxide, 33, 50
of B-naphthol by peracetic acid, 34, 8
of nicotinamide with peroxide, 37, 63
of o-nitroaniline to benzofurazan oxide,
37,1
of o-nitrotoluene, 36, 58
of p-nitrotoluene, 34, 35; 36, 58
of phenanthrene by chromic acid, 34, 76
of propargyl alcohol, 36, 66
of pyridine by peracetic acid, 33, 79
of quinoxaline to 2,3-pyrazinedicarbox-
ylic acid, 30, 87
of sebacoin, 36, 77
of tetralin by oxygen, 34, 90
of thenaldchydc, 33, 94
of triphenylarsine to triphenylarsine ox-
ide, 30, 97
of vanillin, by caustic fusion, 30, 103
by silver oxide, 30, 101

Oxidative reduction, of mucobromic acid
and sodium nitrite, 32, 95
of p-nitrotoluene to p-aminobenzalde-
hyde, 31,6
OXINDOLE, 3-ETHYL-1-METHYL, 30, 62
3-METHYL-, 37, 60

Palladium on charcoal catalyst, 37, 81
Palmitic acid, 36, 83; 37, 69
Palmitonitrile, 32, 67
Palmitoyl chloride, 37, 69
PARrRABANIC ACID, 37, 71
Paraffin-oil test for water in ethanol, 32, 69
Paraformaldehyde, 31, 101; 36, 1; 37, 18
Paraldehyde, 30, 41; 32, 54; 36, 60
1,4-PENTADIENE, 36, 60
Pentaerythritol, 31, 83
Pentaerythrityl benzenesulfonate, 31, 83
PENTAERVTHRITYL TETRABROMIDE, 31, 82
1,5-PENTANEDIOL, 3-METHYL-, 34, 71
3-Pentyl a-bromopropionate, 35, 17
4-PENTYN-1-0L, 33, 68
Peracetic acid, 33, 79; 34, 8, 10
PHENANTHRENE, 9,10-DIHYDRO-, 34, 31
Phenanthrene, 34, 76

purification, 34, 31, 32
PHENANTHRENEQUINONE, 34, 76

sodium bisulfite adduct, 34, 77
9-Phenanthryl isothiocyanate, 36, 57
p-Phenetidine hydrochloride, 31, 11
Phenol, 34, 44

reaction with methanol, 35, 73
a-Phenoxyacetoacetic acid, 33, 44
Phenylacetamide, 32, 92
Phenylacetic acid, 32, 93, 94; 33, 70; 35, 89

imino ether hydrochloride, 32, 94
N-Phenylacetimidochloride, 31, 51
Phenylacetonitrile, 30, 44; 32, 92; 37, 26
Phenylacetylene, 30, 72
~v-PHENYLALLYLSUCCINIC ACID, 31, 85
v-Phenylallylsuccinic anhydride, 31, 86
4-PHENYL-5-ANTLINO-1,2,3-TRIAZOLE, 37, 27
Phenyl azide, 31, 16; 37, 26
Phenylazoacetoacetic acid, 32, 835
N-PHENYLBENZAMIDINE, 36, 64
Phenyl benzoate, 32, 103
a-Phenyl-y-(4-bromophenyl)acetoaceto-

nitrile, 35, 32
trans-1-PrieNye-1,3 nurameni, 30, 75
y-Phenylbutyric acid, 33, 91; 35, 960

v-Phenylbutyryl ehloride, 35, 96
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o-PHENYL-a-CARBETHOXYGLUTARONITRILE,
30, 80, 82
a-Phenylcinnamonitrile, 32, 63
2-PHENYLCYCLOHEPTANONE, 35, 91
Phenyldiazomethane, 35, 94
Phenyldichlorophosphine, 31, 88
0-PHENYLENE CARBONATE, 33, 74
0-PHENYLENEDIAMINE, 30, 56, 86
a-Phenylglutaric acid, 30, 82
«-PHENYLGLUTARIC ANHYDRIDE, 30, 81
Pheny! glycidyl ether, 31, 3
Phenylhydrazine, 30, 90; 37, 60
2-Phenyl-2-hydroxyethane-1-sulfonate,
34, 89
Phenyl isocyanate, 31, 69; 36, 9
Phenyl isothiocyanate, 36, 57
Phenylmagnesium bromide, 30, 97; 31, 86;
32, 103
a-Phenyl-y-(4-methoxyphenyl)acetoaceto-
nitrile, 35, 32
a-Phenyl-y-(4-methylphenyl)acetoaceto-
nitrile, 35, 32
a-Phenyl-vy-(4-methylthiophenyl)aceto-
acetonitrile, 35, 32
a-Phenyl-y-phenylacetoacetonitrile, 35, 32
o-Phenylphenyl salicylate, 32, 26
p-Phenylphenyl salicylate, 32, 26
1-PHENYLPIPERIDINE, 34, 79
PHENYLSUCCINIC ACID, 30, 83
Phenylsuccinic anhydride, 30, 85
Phenylthiourea, 31, 22
Phenyl p-toly! sulfone, 32, 10
v-Phenylvaleric acid, 35, 97
v-Phenylvaleryl chloride, 35, 97
Phloroglucinol, 37, 44
Phosgene, 31, 62; 32, 26; 33, 74
PHOSPHINE, DICHLOROPHENYL-, 31, 88
Phosphoric acid, 31, 66
ortho-, 30, 33, 34; 31, 66
Phosphoric anhydride, 30, 33; 31, 31, 67
Phosphorus, red, 33, 29
Phosphorus heptasulfide, 34, 73
Phosphorus oxychloride, 30, 27; 31, 50, 88,
109; 32, 25, 26; 33, 27; 34, 44; 36, 74;
37,12, 39
Phosphorus pentachloride, 31, 48, 104; 32,
10, 26, 75, 88; 33, 41, 91; 34, 86; 37, 12
Phosphorus pentoxide, 30, 22, 46; 33, 52;
36, 91
Phosphorus trichloride, 31, 88, 111; 32, 26;
37, 82

0-PHTHALALDEHYDE, 34, 82

Phthalic acid, 32, 67

Phthalic anhydride, 32, 19

Phthalideacetic acid, 34, 10

PHTHALIMIDE, N-2-BROMOETHYL-, 32, 18

3-PICOLINE, 4-NITRO-, 1-OXIDE, 36, 53

3-Picoline-1-oxide, 36, 54

PIMELIC ACID, ¥-0XO-, DIETHYL ESTER,
33, 25

PIPERIDINE, 1-PHENYL-, 34, 79

Piperidine acetate, 32, 33

Potassium, 30, 19, 20; 34, 54

directions for safe handling of, 30, 20

Potassium acid acetylenedicarboxylate,
32, 55

Potassium 4-amino-3,5-dinitrobenzene-
sulfonate, 31, 46

Potassium fert-butoxide, solution of, 30, 19;
32, 72; 34, 54; 37, 29

Potassium 4-chloro-3,5-dinitrobenzene-
sulfonate, 31, 46

Potassium cyanate, 31, 9

Potassium cyanide, 30, 84; 32, 31, 63; 37, 47

Potassium ethyl malonate, 37, 34

Potassium ethyl zanthate, 30, 56

Potassium fluoride, 36, 40

Potassium iodide, 30, 34; 31, 31, 66

Potassium metal, 37, 29, 30

Potassium methyl sulfate, 31, 73

Potassium nitrate, 31, 46

Potassium 1-nitropropylnitronate, 37, 24

Potassium oxalate, 34, 83

Potassium permanganate, 30, 87; 31, 59

Potassium sulfide, 32, 103

Potassium thiobenzoate, 32, 101

Potassium thiocyanate, 32, 39, 40

Prins reaction, 33, 72

PRrOPANE, 1,3-DIBROMO-2,2-bis-(BROMO-~
METHYL)-, 31, 82

1-PrROPANOL, 3-PHENYL-, 33, 76

2-PROPANONE, 1-($-CHLOROPHENYL)-
3-PHENYL-, 35, 32

2-PROPANONE, 1-(0-METHOXYPHENYL)-
35,74

Propargyl alcohol, 36, 67

PROPIOLALDEHYDE, 36, 66

PROPIONIC ACID, 3,3'-THIODI-, DIMETHYL
ESTER, 30, 65

Propionic anhydride, 37, 60

Propionitrile, 30, 51

PROPIONITRILE, (3-ANILINO-, 36, 6
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B-Propionylphenylhydrazine, 37, 60
n-Propylacetylene, 30, 17
N-Propylaniline, 36, 22
N-Propylbutylamine, 36, 23
Propylene oxide, 31, 3
PrOPYNAL, 36, 66
Propynylmagnesium bromide, 35, 21
PSEUDOPELLETIERINE, 37, 73
PSEUDOUREA, 2-METHVYL-, HYDROCHLORIDE,
34, 67
PUTRESCINE DIHYDROCHLORIDE, 36, 69
2H-PYRAN, 3,4-DIHYDRO-2-METHOXY-
4-METHYIL-, 34, 29, 71
2,3-PYRAZINEDICARBOXYLIC ACID, 30, 86
PYRAZOLE, 3,5-DIMETHYL-, 31, 43
Pyrazolines, 32, 78
5-Pyrazolone from sec-butyl a-n-caproyl-
propionate, 35, 17
1-Pyrenyl isothiocyanate, 36, 57
Pyridine, 33, 79
as isomerizing agent for triazoles, 37, 27
PYRIDINE, 3-aMINO-, 30, 3
S5-ETHYL-2-METHYL-, 30, 41
3-Pyridinecarboxylic acid, 37, 6
PYRIDINE-N-OXIDE, 33, 79
PYRIMIDINE, 2-CHLORO-, 35, 34
2-DIMETHYLAMINO, 35, 58
4-PYRIMIDINOL, 6-METHYL-, 35, 80
4-PYRIMIDOL, 2,6-DIAMINO-, 32, 45
2(1)-PYRIMIDONE, 3-#-HEPTYL-4(3)-IMINO-
5-cyaNo-, 37, 52
Pyrogallol-1,3-dimethy] ether, 31, 92
Pyrolysis, of ammonium salt of azelaic acid,
34,4
of 1,1’-azo-bis-1-cyclohexanenitrile to
1,1’-dicyano-1,1"-bicyclohexyl, 32, 48
of dicyclopentadiene to cyclopentadiene,
32,41
of dimethylglyoxime in the presence of
succinic anhydride, 34, 40
of ethyl a-ethoxylylstearate, 34, 14
of sodium methylsuccinate with phospho-
rus heptasulfide, 34, 73
of tetrahydropyran and aniline, 34, 79
Pyrrole, 36, 75
PYRROLEALDENYDE, 36, 74
Pyrrolidine, 33, 30
PyRROLIDINE, 2,2 DIMETHYL-, 32, 59
1-PYRROLIDINEACETIC ACID, v METIIVL,
WEHYL ESTER, 33, 35, K3
PYRROLIDINEIRTHANOL, (4 Micrnye, 33, 82

2-PYRROLIDONE, 5,5-DIMETHYL-, 32, 59

Pyruvic acid, 31, 59, 61

PYRUVIC ACID, ETHYL ESTER, 31, 59

PYRUVIC ALDEHYDE, 1-PHENYLHYDRAZONE,
32, 84

Pyruvic aldehyde-sodium bisulfite, 30, 88

Quaternary ammonium salt, benzoylcholine
chloride and iodide, 30, 10
Quinacetophenone, 31, 90
Quinacetophenone dimethyl ether, 31, 91
Quinacetophenone monomethyl ether,
31, 90
Quinoline, 33, 88
Quinone, 34, 2
$-QUINONE, CHLORO-, 35, 22
Quinoxaline, 30, 86, 87

Raney nickel catalyst, 32, 59; 34, 20, 32,
53,71
Reactor, continuous, 37, 3, 67
Reduction, and amidation of methyl
v-methyl-y-nitrovalerate, 32, 59
and hydrotysis of B-naphthyl ethy! ether,
32,97
by lithium aluminum hydride, 32, 32; 33,
33, 82; 36, 48
by nickel-aluminum alloy (Raney cata-
lyst) and sodium hydroxide, 34, 8
Clemmensen, 33, 17
of aminoester to aminoalcohol, 33, 82
of an a-hydroxyketone to a ketone, 36, 14
of a quinone with sodium hydrosulfite,
34, 2
of dichloroacetyl chloride with lithium
aluminum hydride, 32, 46
of 5,8-dihydro-1-naphthol, 37, 81
of 2,3-dimethylbenzyltrimethylammo-
nium iodide with sodium amalgam,
34, 56
of 1-(o-methoxypheny!)-2-nitro-1-pro-
pene, 35, 75
of nicotinamide-1-oxide, 37, 12
of 5-nitroso-6-aminouracil, 37, 16
of 4-phenyl-m-dioxane by sodium, 33, 76
of sulfonyl chioride to thiol, 33, 47
with sodium hydrosulfite, 37, 16
Reductive alkylation of methylamine by
2,3 dimethoxyhenzaldehyde, 30, 59
Reduetive oxidation of p nitrotoluene to
p aminobenzaldehyde, 31, 6
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Reformatsky reaction, 37, 38
Replacement, benzenesulfonate groups by
bromine atoms, 31, 82
bromine, by a thiol group, 30, 35
by fluorine, 36, 40
chlorine, by an amino group, 31, 45
by a thiol group, 32, 101
by iodine, 30, 11
by methoxyl, 32, 79
by nitrile, 36, 50
in an imido-chloride group by an ani-
lino group, 31, 48
chlorine and nitro by ethoxyl radicals,
32, 68
diazonium group, by chlorine atom,
32,23
by hydrogen, 36, 95
dimethylethylammonium bromide group
by acetate, 34, 58
hydrogen of hydroxyl by chlorine atom,
32,20
hydroxyl group, by bromine atom, 32, 19
by chlorine atom, 31, 37; 36, 3, 50
by ilodine atom, 31, 31
iodo by nitro group, 34, 37
nitroamino group by dimethylamino,
32, 61
oxide oxygen atom by sulfur, 32, 39
sulfonic-acid hydroxyl groups by chlo-
rine, 32, 88
Ricinoleoyl chloride, 37, 69
Rosin, wood, 32, 1

SALICYLIC ACID, $-CHLOROPHENYL ESTER,
32,25

Salol, 32, 26

Sapeonification, of ethyl 3-methylcoumari-
late, 33, 44

of o-methylbenzyl acetate, 34, 58

Sarcosine, 33, 1

Schotten-Baumann reaction, 31, 49

Seal for mechanical stirrer, 30, 54

SeBacri, 36, 13, 15, 77, 78

SEBACOIN, 36, 12, 14, 77, 79

Selenium dioxide, 32, 37, 75

Selenous acid, 32, 35

Silica gel, 34, 6, 7

Silver acetate, 36, 48

Silver chloride, 30, 12

Silver cyanide, 35, 63

Silver nitrite, 34, 37

Silver oxide, 30, 102; 33, 94; 36, 47
Silver trifluoroacetate, 36, 47
Sodamide, see Sodium amide
Sodium, 30, 15, 44, 73, 96; 31, 1, 53; 32, 45,
97, 106; 33, 76; 34, 32, 62; 36, 80
Sodium acetate trihydrate, 36, 75
Sodium acetylide, solution in liquid ammo-
nia, 30, 15
Sodium amalgam, 34, 56, 57
Sodium amide, 31, 52, 54; 32, 104, 106; 35,
20; 37, 77
solution of, 30, 73; 33, 68; 34, 46, 61
Sodium azide, 31, 14
Sodium bisulfite, 32, 98; 34, 25, 76
Sodium bromide, 31, 83
Sodium carbonate, 32, 5, 9
Sodium cyanate, 31, 8; 37, 52
Sodium cyanide, 32, 29, 50; 36, 51
Sodium dichromate, 37, 10
Sodium dihydrogenphosphate, 34, 47
Sodium ethoxide, 30, 44, 45; 32, 68; 33, 23
solution of, 30, 99; 32, 103; 34, 13, 16, 19;
37,15
Sodium formylacetone, 32, 32
Sodium hydrosulfite, 37, 16
Sodium hypobromite, solution of, 30, 3
Sodium hypochlorite, solution of, 31, 41;
37,1
Sodium iodide, 30, 11
Sodium methoxide, 32, 32; 37, 26, 53
Sodium methylsuccinate, 34, 74
Sodium nitrite, 31, 14; 32, 95; 34, 2, 20, 97;
36, 70, 96
Sodium nitromalonaldehyde monohydrate,
32, 95
Sodium phenoxide, 32, 75; 33, 43, 45
SODIUM B-STYRENESULFONATE, 34, 85
Sodium succinate, 34, 75
Sodium sulfhydrate, 31, 7
Sodium sulfide nonahydrate, 31, 6; 36, 90
Sodium sulfite, 37, 55
Sodium p-toluenesulfinate dihydrate, 34, 93
Sommelet reaction, 33, 93
SORBIC ACID, 3-HYDROXY-$-METHYL, 8-LAC-
TONE, 32, 57
Stannic chloride, 33, 91
Stearic acid, 34, 15
STEAROLIC ACID, 37, 77
STEARONE, 33, 84
¢is-STILBENE, 33, 88
trans-Stilbene, 33, 89
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Stirrer, for caustic fusion, 30, 104, 105
seal for, 30, 54
Stobbe condensation, 30, 18
Styrene, 33, 72; 34, 85
reaction with sulfuric acid, 35, 83
Styrene dibromide, 30, 73
Styrene oxide, 31, 3
B-STYRENESULFONYL CHLORIDE, 34, 85
Succinic acid, 34, 44
SUCCINIC ACID, a-BENZHYDRYLIDENE-,
«-ETHYL ESTER, 30, 18
CINNAMYL-, 31, 85
DIPHENYL ESTER, 34, 44
HEPTANOYL-, DIETHYL ESTER, 34, 51
PHENYL-, 30, 83
Succinic anhydride, 34, 40
SUCCINONITRILE, «,(3-DIPHENYL-, 32, 63
SULFIDE, METHYL 2-THIENYL, 35, 85
a-Sulfobehenic acid, 36, 85
a-Sulfolauric acid, 36, 85
a-Sulfomyristic acid, 36, 85
Sulfonation, of palmitic acid, 36, 83
of styrene, 34, 85
Sulfony! chloride, from sodium sulfonate,
34, 85
from sulfonic acid, 30, 58
«-SULFOPALMITIC ACID, 36, 83
a-Sulfostearic acid, 36, 85
Sulfur, 31, 6
Sulfuric acid, fuming, 31, 23, 45
Sulfur trioxide, 34, 85; 36, 83
Sulfuryl chloride, 33, 45; 37, 8
SULTONE OF 4-HYDROXY-1-BUTANESUL-
FONIC ACID, 37, 55
SYRINGALDEHYDE, 31, 92

Tangential apparatus, 37, 67

Tartaric acid, 35, 50

TARTARIC ANHYDRIDE, DIACETATE OF d-,
35, 49

a,a,0 o' -Tetrabromo-o-xylene, 34, 82

Tetra-n-butyltin, 36, 88

1,1,1,2-Tetrachloro-2,2-difluoroethylene,

36, 19

di-4,4' 6,6’-TETRACHLORODIPHENIC ACID,
31, 96, 97

n-Tetradecyl fluoride, 36, 42

1,1,1, 1" Ty RARTHOX YETHY L POLYSULFIDE,
38, 51

Tetracthylthiueam disullide, 38, 55

TwrRAKTIHYLTIN, 36, 86

1,2,3,4-TETRAHYDROCARBAZOLE, 30, 90
Tetrahydrofuran, 30, 27, 33; 33, 33
Tetrahydrofurfuryl chloride, 33, 68
Tetrahydronaphthalene peroxide, 35, 96
ar-TETRAHYDRO-a-NAPHTHOL, 37, 80
5,6,7,8-Tetrahydro-2-naphthylacetamide,
32, 94
cis-A*-Tetrahydrophthalic anhydride, 30,
30, 93
Tetrahydropyran, 34, 80
Tetrahydroquinone indicator, 37, 56
TETRAHYDROTHIOPHENE, 36, 89
Tetralin, 31, 63; 34, 91
TETRALIN HYDROPEROXIDE, 34, 90
a-Tetralone, 30, 92; 33, 90; 35, 95
B-TETRALONE, 32, 97, 99
B-Tetralone, bisulfite addition product,
32, 98
Tetralone blue test, 32, 100
1,1,1’,1’-Tetramethoxyethyl polysulfide,
35, 53
2,2,6,6-TETRAMETHYLOLCYCLOHEXANOL,
31, 101
Tetramethylsuccinonitrile, 32, 48
Tetraphenylarsonium bromide, 30, 98
TETRAPHENYLARSONIUM CHLORIDE HYDRO-
CHLORIDE, 30, 95
TETRAPHENYLETHYLENE, 31, 104
Tetra-n-propyltin, 36, 88
3-THENALDEHYDE, 33, 93
3-THENOIC ACID, 33, 94
3-THENYL BROMIDE, 33, 93, 96
7-TuraBicycLo(4,1,0)HEPTANE, 32, 39
THIOBENZOIC ACID, 31, 101
THIOBENZOPHENONE, 35, 97
Thiocarbonyl perchloride, 32, 69
THIOLACETIC ACID, 31, 105
Thiol esters, 37, 22
2-THI0-6-METHYLURACIL, 35, 80
Thiony! chloride, 30, 58, 62; 31, 37, 69; 32,
65; 33, 20, 53; 34, 93; 35, 28; 36, 3; 37,
6, 66
Thiophene, 30, 53; 31, 109; 34, 75
THIOPHENE, 2-10D0-, 30, §3
3-METHYL-, 34, 73
TETRAHYDRO-, 36, 89
2-THIOPHENECARBOXALDEHYDE, 31, 108
Thiophosgene, reaction with amines, 35, 58
T'hiourea, 30, 35; 32, 40
Thiourean condensation with ethyl aceto-
acetate, 35, 80
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Tiffeneau rearrangement, 34, 19
Tiglic aldehyde, diethyl acetal, 32, §
TIN, TETRAETHYL-, 36, 86
Tin tetrachloride, 36, 87
0-TOLUALDEHYDE, 30, 99
TOLUENE-@,a-DIOL, 0-NITRO-, DIACETATE,
36, 58
P-NITRO-, DIACETATE, 36, 58
»-TOLUENESULFENYL CHLORIDE, 35, 99
#-TOLUENESULFINYL CHLORIDE, 34, 93
#-TOLUENESULFONAMIDE, N-METHYL-
N-N1TROSO-, 34, 24, 96
p-Toluenesulfonic acid, 30, 30, 31
monohydrate, 36, 92
#-TOLUENESULFONIC ANHYDRIDE, 36, 91
#-Toluenesulfonylanthranilic acid, 32, 8,
11
#-Toluenesulfonylation of anthranilic acid,
32,8
p-Toluenesulfonyl chloride, 32, 9; 34, 97
p-Toluenethiol, 35, 99
0-TOLUIDINE, 6-NITRO-, 35, 3
»-TOLUIDINE, o,a,0-TRIPHENYL-, 30, §
p-Tolunitrile, 36, 59
Toluquinone, 35, 26
p-Tolyldichlorophosphine, 31, 89
p-Tolyldisulfide, 35, 101
1-(p-Tolyl)-3-phenyl-2-propanone, 35, 33
1-m-Tolylpiperidine, 34, 81
1-0-Tolylpiperidine, 34, 81
1-p-Tolylpiperidine, 34, 81
p-Tolylsulfonylmethylamide, 34, 97
p-Tolylsulfonylmethylnitrosamide, 34, 24,
96, 36, 17
m-Tolylurea, 31, 10
o-Tolylurea, 31, 10
p-Tolylurea, 31, 10
Transetherification of acrolein and ethyl
orthoformate, 32, 5
Triazine, 1-m-nitrophenyl-3,3-dimethyl-,
33, 56
s-TRIAZINE, 2,4-DIAMINO-G-PHENYL-, 33, 13
HEXAHYDRO-1,3,5-TRIPROPIONYL-, 30, 51
1H-1,2,3-TRIAZOLE, 5-AMINO-
1,4-DIPHENYL-, 37, 26
4-PHENYL-5-(PHENYLAMINO)-, 37, 27
1,2,3-Triazoles, titration of, 37, 28
$,0,a-TRIBROMOACETOPHENONE, 35, 11
2,4,6-TRIBROMOBENZOIC ACID, 36, 94
TRICHLOROMETHYLPHOSPHONYL DICHLO-
RIDE, 37, 82

12-TRICOSANONE, 31, 68

Triethylamine, 31, 68; 33, 70; 37, 21

Triethylamine hydrochloride, 31, 68

Triethyl orthoformate, see Ethyl orthofor-
mate

TRIETHYL PHOSPHITE, 31, 34, 111

Triethyl a-phthalimidoethane-a,e, 8-tri-
carboxylate, 30, 7

Trifluoroacetic acid, 36, 47

p-Trifluoromethylbenzaldehyde, 30, 100

Triisopropyl phosphite, 31, 33, 112

Trimethylamine, 30, 12; 32, 87

1,2,3-Trimethylbenzene, 34, 56

Trimethylene chlorobromide, 33, 23

1,1,2-Trimethylisourea, 32, 63

1,1,3-TRIMETHYL-3-PHENYLINDANE, 35, 84

Trioxane, 30, 51

Triphenylarsine, 30, 96

Triphenylarsine oxide, 30, 97

Triphenylcarbinol, 30, 5, 6

«,$3,8-TRIPHENYLPROPIONIC ACID, 33, 98

10-Undecenoic acid, 32, 104
n-Undecyl fluoride, 36, 42
10-UNpECYNOIC ACID, 32, 104
a,B-Unsaturated acids, purification of,
37, 30
separation from B,y-isomers, 37, 41
a,8-Unsaturated esters, equilibration with
B,v-isomers, 37, 41
B,yy-Unsaturated esters, conversion to y-lac-
tones, 37, 39
equilibration with «,8-isomers, 37, 41
Unsaturation, quantitative estimation by
bromate-bromide titration method, 34,
86, 89
Uracrz, 5,6-DIAMINO-, HYDROCHLORIDE,
37, 15
Uracil, 5-nitroso-6-amino-, 37, 15
Urea, 30, 24; 31, 11; 37, 15, 50, 71
UREA, 1-(p-BROMOPHENYL)-, 31, 8
1-(0-CHLOROPHENYL)-2-THIO-, 31, 21
1-cYANO-3-ARYL-, 36, 10
1-cYANO-3-PHENYL-, 36, 8
1,1-DIMETHYL-, 32, 61
1,1-DIMETHYL-2-SELENO-, 36, 23
DIPHENYL-, 36, 9
Urea, N-n-heptyl-, 37, 52
UrEA, 1-(p-pHENETYL)-, 31, 11
2-THI10-3-GUANYL-, 35, 69

SUBJECT

VALERIC ACID, a-ACETYL-8-CHLORO-

¥-HYDROXY-, vY-LACTONE, 31, 1
5-HYDROXY-3-METHYL-, 8-LACTONE, 35, 86

~-Valerolactone, 35, 96

VANILLIC ACID, 30, 101, 103

Vanillin, 30, 102, 104; 33, 17

Veratraldehyde, 31, 58; 33, 65

VERATRALDEHYDE, 6-NITRO-, 33, 65

Veratrole, 36, 47

VERATROLE, 4-10DO-, 36, 46

Vinyl acetate, 30, 106

Vinyl caprate, 30, 108

Vinyl caproate, 30, 108

Vinyl caprylate, 30, 108

Vinyl 10-hendecenoate, 30, 108

VINYL LAURATE, 30, 106

Vinyl myristate, 30, 108

INDEX 109

Vinyl oleate, 30, 108

Vinyl palmitate, 30, 108
Vinyl pelargonate, 30, 108
Vinyl stearate, 30, 108
Vinyl undecylenate, 30, 108

Water separator, 31, 25, 56; 34, 65

0-Xylene, 34, 82, 100

0-XYLENE, @,c’-DIBROMO-, 34, 100
p-Xylose, 36, 38

0-Xylyl bromide, 30, 100
0-XYLVLENE DIBROMIDE, 34, 100

Zinc dust, 36, 14, 19, 62

Zinc dust amalgam, 33, 48

Zinc foil, preparation for Reformatsky re-
action, 37, 38
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NOMENCLATURE

Preparations appear in the alphabetical order of common names of
the compounds. For convenience in surveying the literature concern-
ing any preparation through Chemical Abstracts subject indexes, the
Chemical Abstracts indexing name for each compound is given as a sub-
title if it differs from the common name used as the title.

SUBMISSION OF PREPARATIONS

Chemists are invited to submit for publication in Organic Syniheses
procedures for the preparation of compounds which are of general
interest, as well as procedures which illustrate synthetic methods of
general utility. It is fundamental to the usefulness of Organic Syn-
theses that submitted procedures represent optimum conditions, and
the procedures should have been checked carefully by the submitters,
not only for yield and physical properties of the products but also for
any hazards that may be involved. Full details of all manipulations
should be described, and the range of yields should be reported rather
than the maximum yield obtainable by an operator who has had con-
siderable experience with the preparation. For each solid product,
the melting point range should be reported, and for each liquid prod-
uct, the range of boiling point and refractive index should be included.
In some instances, it is desirable to include additional physical prop-
crties of the product, such as ultraviolet, infrared or nuclear magnetic
resonance spectra. The methods of preparation or sources of the react-
ants should be described in notes, and the physical properties (such
as boiling point, index of refraction, melting point) of the reactants
should be included except where rather standard commercial grades
are specified.

Procedures should be written in the style and format employed in
the latest published volume of Organic Syntheses. Copies of the cur-
rent style sheet may be obtained from the Secretary of the Editorial
Board. In scction 3, Methods of Preparation, there should be de-

scribed other practical methods for preparing the compound, which
v
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have appeared in the literature. It is unnecessary to mention methods
which have been published but are of no practical synthetic value.
It is also quite desirable to include in this section a brief statement of
the merits of the preparation which recommend it for publication in
Organic Syntheses (synthetic method of considerable scope, specific
compound of interest, method gives better yield or is less laborious
than other methods, etc.). Two copies of procedures should be sub-
mitted to the Secretary of the Editorial Board. It is sometimes help-
ful to the Board if there is an accompanying letter setting forth the
features of the preparation which are of interest.

Additions, corrections, and improvements to the preparations pre-
viously published are welcomed and should be directed to the Secre-
tary.

CONTENTS

BENZOFURAZAN OXIDE . . . . . . v v v v v v e e e e e e e e e e e e

BENZOYLACETANILIDE . . . .+ « v & « v v e e o o v v e v e e e e
3-BENZOYLPYRIDINE . . . « « v « v o+ e e e e e e e et e e e
2-CHLORO-2-METHYLCYCLOHEXANONE AND 2-METHYL-2-CYCLOHEXENONE
2-CHLORONICOTINONITRILE
DraMINOURACIL HYDROCHLORIDE
1-DIETEYLAMINO-3-BUTANONE
DIETBEYL BENZOYLMALONATE
3,4-DINITRO-3-HEXENE

trans-2-DODECENOIC ACID . . . . .
ETHYL BENZOYLACETATE .
ETHYL fert-BUTYL MALONATE
4-ETHYL-2-METHYL-2-OCTENOIC ACID
ETHYL a-NITROBUTYRATE . . . . .
GLUTARIC ACID AND GLUTARIMIDE .
n-HEPTAMIDE . . . . . . . . . .
3-n-HEPTYL-5-CYANOCYTOSINE
4-HYDROXY-1-BUTANESULFONIC ACID SULTONE
TSOPHORONE OXIDE . . . . . . . . . « . . . .
3-METHYLOXINDOLE
NICOTINAMIDE-1-OXIDE . . . . . .
NORBORNYLENE
OLEOYL CHLORIDE . . . . . . . « « « v « « o .
PArRABANIC ACID . . . . . . ..
PSEUDOPELLETIERINE . . . . . .
STEAROLIC ACID . . . . . . . . .
ar-TETRAHYDRO-a~-NAPHTHOL
T'RICHLOROMETHYLPBOSPHONYL DICHLORIDE

INDEX

vii

1,4-DIPHENYL-5-AMINO-1,2,3-TRIAZOLE AND 4-PHENYL-5-ANILINO-1,2,3-TRIAZOLE . .



