N-(p-ACETYLAMINOPHENYL)RHODANINE
{[Rhodanine, 3-(p-acetamidophenyl)-]

CH3CONH©—NH2 + (HO,C—CH,S),CS =2,

CH3CONH~©—1|\I——CII=O 4 HSCH,CO,H
s—C  CH,

./
S

Submitted by R. E. STRUBE.!
Checked by JouN D. RoBERTS and STANLEY L. MANATT.

1. Procedure

In a 2-1. round-bottomed flask fitted with a mechanical stirrer
and a reflux condenser are placed 30.0 g. (0.20 mole) of p-amino-
acetanilide (Note 1) and 400 ml. of water. The mixture is heated
on a steam bath with stirring, and to the clear solution is added
at once a hot solution of 45.2 g. (0.20 mole) of trithiocarbodigly-
colic acid (Note 2) in 500 ml. of water. Heating and stirring are
continued for 5 hours (Note 3). The steam bath is then replaced
by an ice bath, and the reaction mixture is cooled to 20-25°. The
precipitate is removed by suction filtration. The solid is trans-
fcrred to a 500-ml. Erlenmeyer flask containing 200 ml. of water.
‘The mixture is heated on the steam bath to 70-75° while the
lumps are crushed by a glass rod to obtain a homogeneous mix-
ture. The mixture is filtered with suction while hot, and the flask
is cleaned by rinsing it with small amounts of hot water. The
solid on the filter is sucked as dry as possible and then transferred
to a 2-1. round-bottomed flask fitted with a reflux condenser.
Glacial acetic acid (1.5 1.) is added and the mixture is heated in an
oil bath to vigorous reflux for § minutes (Note 4). A small
amount of solid does not dissolve, and this is removed by filtra-

1
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tion while hot (Note 5). The filtrate is stirred mechanically and
cooled to 15-20° by an ice bath and kept at this temperature for 1
hour. The slightly yellow crystals are collected by suction filtra-
tion, washed successively with 25 ml. of glacial acetic acid, 100 ml.
of ethanol, and 100 ml. of ether. The yield of air-dried material
is 26-28 g. (49-539, yield). The compound decomposes on heat-
ing above 240° (Note 6).

2. Notes

1. p-Aminoacetanilide (white label) supplied by Eastman
Kodak Company was used.

2. Strube, Org. Syntheses, 39, 77 (1959).

3. Within 10 minutes a precipitate is formed; the greater part
of the reaction product is present after 2 hours’ heating.

4. The purification should be carried out in a hood, since gas
escapes during the heating and hot acetic acid is irritating to the
eyes. The checkers used a 2-1. heating mantle instead of an oil
bath.

5. The filtration of the hot acetic acid solution should be done
with care. The flask was surrounded by a towel and rubber
gloves were worn. The filtration can best be done in two steps.
Approximately half of the hot acetic acid solution is filtered
through a large, fluted filter paper; the other half is heated again
to reflux and then filtered through another fluted filter paper.
Filtration through a steam-heated Biichner funnel may some-
times be troublesome, since the suction accelerates crystallization
causing plugging of the funnel stem.

6. Analytical values: Caled. for C;1H{oN;05S,: C, 49.62; H,
3.78; N, 10.52; S, 24.08. Found: C, 49.76; H, 3.76; N, 10.36; 5,
24.07.

3. Methods of Preparation

This procedure is based on the method of Holmberg * for pre-
paring N-substituted rhodanines. The synthesis of N-(p-acetyl-
aminophenyl)rhodanine has not yet been reported in the litera-
ture.

1 The Chemistry Department, The Upjohn Company, Kalamazoo, Michigan.
2 Holmberg, J. prakt, Chem., 81, 451 (1010).

BENZENEBORONIC ANHYDRIDE 3

BENZENEBORONIC ANHYDRIDE
(Boroxine, triphenyl-)
Ce¢H;MgBr + B(OCHj3); — [C¢H;B(OCHj3)5] " MgBrt
[CeHsB(OCHj3)3] MgBrt + 3H,0 —
Ce¢Hs;B(OH), + 3CH30H + Mg(OH)Br
2Mg(OH)Br + H,S0, — MgBr, + MgS0, + 2H,0
O—B—CgHjs
/ AN
3C¢H;B(OH); — C¢Hsz—B O  + 3H,0
O—B—Cg¢Hj;

Submitted by RoBERT M. WASHBURN, ERNEST LEVENS,
CuarLEs F. ALBRIGHT, and FRaANKLIN A. Birric.!
Checked by B. C. McKusick and H. C. MILLER.

1. Procedure

Caution! Benzeneboronic acid and its ankydride are toxic sub-
stances and may irritate mucous tissues such as those of the eyes.
I'n case of contact, carefully wash exposed parts of the body with soap
and water (Note 1).

The apparatus consists of a four-necked 5-1. round-bottomed
Morton flask 2 fitted with a 500-ml. graduated dropping funnel
with a pressure-equalizing side arm, a 1-1. graduated dropping
funnel of the same type, a thermometer, an efficient mechanical
stirrer (Note 2), and an inlet for dry nitrogen. The apparatus is
thoroughly swept with dry nitrogen, and the reaction flask is
charged with 1.5 1. of anhydrous ether, dry nitrogen (Note 3)
being used for pressure transfer.

Three hundred thirty-six milliliters (312 g., 3.00 moles) of
methyl borate is distilled directly into the 500-ml. dropping
funnel shortly before starting the reaction (Note 4). One liter
(544 g., 3.0 moles) of a 3M cthereal solution of phenylmagnesium
hromide is pressure-transferred with dry nitrogen into the 1-1
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dropping funnel (Note 5). During subsequent operations until
the hydrolysis step, a positive pressure of 10-20 mm. of nitrogen
is maintained in the closed system by means of a mercury bubbler
to prevent access of atmospheric moisture. The ether is cooled to
below —60° by a bath of Dry Ice and acetone and is kept below
—60° all during the reaction (Note 6). The reactants are added
to the well-stirred reaction mixture alternately in small portions,
first 10 ml. of methyl borate and then 30 ml. of phenylmagnesium
bromide, the rate of addition being as rapid as is possible without
the temperature of the mixture rising above —60° (Note 7).
Stirring is continued for an additional 20 minutes below —60°
after the addition of the reagents is completed.

The stirred mixture, maintained at or below 0°, is hydrolyzed
by the addition of 200 ml. of distilled water during § minutes.
It is then neutralized by addition of a solution of 84 ml. of concen-
trated sulfuric acid in 1.7 L. of distilled water during 15 minutes.
The mixture is transferred to a 5-1. separatory funnel, the ether
layer is separated, and the aqueous layer is extracted with three
250-ml. portions of ether.

The combined ether layer and extracts are transferred to a
5-1. round-bottomed flask equipped with a Hershberg stirrer,? a
dropping funnel, a Claisen head with a water-cooled condenser,
an electric heating mantle, and an ice-cooled receiver (Note 8).
After approximately one-half of the ether has been removed by
distillation from the stirred mixture, 1.5 1. of distilled water is
added slowly while the distillation is continued until a head
temperature of 100° is reached (Note 9).

While stirring is continued, the aqueous distilland is cooled in
an ice bath (Note 10). The benzeneboronic acid, which separates
as small white crystals, is collected on a Biichner funnel and
washed with petroleum ether. The petroleum ether removes
traces of dibenzeneborinic acid, which are seen in the hot mother
liquor as globules of brown oil and which may color the product.
The acid is dehydrated to benzeneboronic anhydride by heating
it in an oven at 110° and atmospheric pressure for 6 hours (Note
11). Benzeneboronic anhydride is obtained as a colorless solid,
weight 240-247 g. (77-79%,) (Note 12), m.p. 214-216°,

BENZENEBORONIC ANHYDRIDE 5

2. Notes

1. A summary of the physiological activity of benzeneboronic
acid may be found in reference 4a.

2. The submitters found that for a preparation of this size a
1-inch Duplex Dispersator (Premier Mill Corp., Geneva, New
York) operating at 7500 r.p.m. provided excellent agitation of
the heterogeneous reaction mixture. For smaller preparations
(1-1. flagk) they found that a Stir-O-Vac (Labline, Inc., 217 N.
Desplainer St., Chicago 6, Illinois) operating at 5000 r.p.m. was
satisfactory. The type of agitation is very important for, whereas
the submitters obtained yields of around 919, the checkers ob-
tained yields of only 77-809, with either a Morton stirrer ? (ex-
cessive splashing deposited some of the reaction mixture on the
warm upper walls of the flask) or a Polytron dispersion mill type
of stirrer (there was too much hold-up in the stirrer housing).

3. Tank nitrogen was dried with phosphorus pentoxide.

4. Methyl borate (b.p. 68°) forms a 1:1 azeotrope (b.p. 54.6°)
with methanol (b.p. 64°).5 Since the presence of even a small
amount of methanol reduces the yield considerably more than
would be expected from the stoichiometry,* ¢ methyl horate stocks
should be freshly distilled through a good column to remove as
fore-run any methyl borate-methanol azeotrope which may have
been formed by hydrolysis during storage.

5. Mallinckrodt analytical reagent grade ether, dried over
sodium, was used. The methyl borate was the commercial prod-
uct of American Potash and Chemical Corporation containing
999%, ester as received. The phenylmagnesium bromide was
purchased as a 3.0M solution in ether from Arapahoe Special
Products, Inc., Boulder, Colorado.

6. The yield of benzeneboronic anhydride is highly dependent
upon the reaction temperature, as the following data of the sub-
mitters show. At a reaction temperature of 15° the yield was
49%; at 0°, 76%,; —15°, 86%,; —30°, 929,; —45°, 929,; —60°,
99%. The yields are based on the combined first and second
crops of benzeneboronic acid.

7. At a given temperature, the maximum yield of benzene-
boronic acid and the minimum amount of by-product dibenzene-
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borinic acid are obtained when neither reagent is present in excess.
The addition of small increments of reactants is a convenient
approximation imposed by the difficulty of adjusting stopcocks
to small rates of flow. Alternatively, the Hershberg dropping
funnel 7 or other metering device may be used to maintain the
stoichiometry. Addition times, which depend upon the efficiency
of stirring and heat transfer, vary from about 1 hour at —60° to
15 minutes at 0°.

8. Stirring is helpful during the ether distillation to prevent
superheating.

9. Small amounts of benzene, phenol, and biphenyl, which may
be formed in the reaction, are removed by the steam distillation.
Enough water has been added to ensure solution of all of the
product.

10. The product crystallizes at 43° with a temperature rise
to 45°. The solubility of benzeneboronic acid in water (g./100 g.
of water) is approximately 1.1 at 0° and 2.5 at 25°; the solubility-
temperature relationship is linear to at least 45°.

11. If benzeneboronic acid rather than its anhydride is desired,
it can be obtained by air-drying the moist acid in a slow stream
of air nearly saturated with water. The yield of acid is 282-332 g.
One can readily convert the anhydride to the acid by recrystal-
lizing it from water. Benzeneboronic acid gradually dehydrates
to the anhydride if left open to the atmosphere at room tempera-
ture and 30-409, relative humidity. The melting point observed
is that of the anhydride because the acid dehydrates before it
melts.

12. The submitters report a yield of 91% and state that an
additional 27 g. (9%) of acid can be obtained from the aqueous
mother liquor.

3. Methods of Preparation

The procedure described 4 is a modification of the method of
Khotinsky and Melamed,® who first reported the preparation of
boronic acids from Grignard reagents and borate esters. Benzene-
horonic acid and the corresponding anhydride also have been
prepared by reaction of phenylmagnesium bromide with boron

BENZENEBORONIC ANHYDRIDE 7

trifluoride,® by reaction of phenyllithium with butyl borate,* and
by reaction of diphenylmercury with boron trichloride.!

The present procedure is also applicable to the synthesis of
substituted benzeneboronic acids.** Benzeneboronic acid and its
anhydride are of use as starting materials for the synthesis of
phenylboron dichloride 2 and of various substituted boronic and
borinic acids and esters.®1

! American Potash and Chemical Corporation, Whittier, California.

2 Morton, Ind. Eng. Chem., Anal. Ed., 11, 170 (1939); Morton and Redman, I#d.
Eng. Chem., 40, 1190 (1948).

3 Pinkney, Org. Syntheses, Coll. Vol. 2, 117 (1943).

4 (a) Washburn, Levens, Albright, Billig, and Cernak, presented before the
Division of Industrial and Engineering Chemistry, 131st National Meeting, American
Chemical Society, Miami, April 8, 1957, Abstracts of Papers, p. 12L; (b) Wash-
burn, Billig, Bloom, Albright, and Levens, presented before the Division of In-
organic Chemistry, 133rd National Meeting, American Chemical Society, San
Francisco, April 18, 1958, Abstracts of Papers, pp. 45L-46L.

5 Schlesinger, Brown, Mayfield, and Gilbreath, J. Am. Chem. Soc., 75, 213 (1953).

6 Seaman and Johnson, J. Am. Chem. Soc., 53, 711 (1931).

7 Hershberg, Org. Syntheses, Coll. Vol. 2, 129 (1943).

8 Khotinsky and Melamed, Ber., 42, 3090 (1909).

 Krause and Nitsche, Ber., 55B, 1261 (1922); Krause, German Patent 371,467
(1923) {C.4., 18, 992 (1924)]. da

10 Brindley, Gerrard, and Lappert, J. Chem. Soc., 1955, 2956.

1t Michaelis and Becker, Ber., 15, 180 (1882).

2 Dandegaonker, Gerrard, and Lappert, J. Chem. Soc., 1957, 2893.
18 Lappert, Chem. Revs., 56, 987, 1013 (1956).
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2,5-DIAMINO-3,4-DICYANOTHIOPHENE
(3,4-Thiophenedicarbonitrile, 2,5-diamino-)

L NC CN
Pyridine
NC);C=C(CN); 4+ 2H;S —— + S
(NORC=C(ER: + 21, N SJNH2

Submitted by W. J. MIpDDLETON.!
Checked by James CasoN and RaLpH J. FESSENDEN.

1. Procedure

Caution! Since carbon disulfide is highly flammable and hydrogen
sulfide highly toxic, this reaction should be carried out in a hood,
with due precaution against fire. It is also recommended that
tetracyanoethylene not be allowed to come into contact with the skin.

A 1-1. three-necked flask is fitted with a sealed mechanical
stirrer, a condenser protected by a drying tube, a thermometer,
and an inlet tube extending to the bottom of the flask. A solution
of 25.6 g. (0.2 mole) of recrystallized tetracyanoethylene * in
300 ml. of acetone is placed in the flask, and 300 ml. of carbon
disulfide is added. The flask and its contents are cooled to 0° by
means of a salt-ice bath. With good stirring, hydrogen sulfide is
passed into the reaction mixture at a moderate rate while. the
temperature is maintained at 0-5°. The solution becomes milky
after a few minutes owing to the formation of colloidal sulfur.
The hydrogen sulfide addition is continued for about 30 minutes,
or until the solution is thoroughly saturated.

The hydrogen sulfide addition is temporarily suspended, and
100 ml. of pyridine is added rapidly in one portion through the
condenser as the solution is stirred vigorously (Note 1). The
solution becomes clear, and then 2,5-diamino-3,4-dicyanothio-
phene begins to precipitate immediately. The hydrogen sulfide
addition is resumed and is continued for about 30 minutes while
the temperature of the reaction mixture is maintained at 0-5°.
Finally, the reaction mixture is stirred for an additional 30 min-
utes at 0-5°%, then the yellow precipitate of the thiophene is

2,5-DIAMINO-3,4-DICYANOTHIOPHENE 9

collected on a Biichner funnel, thoroughly washed with about
500 ml. of acetone, and dried in the air or in a vacuum desiccator.
The yield of crude product of yellow or buff color amounts to
30-31 g. (92-95%,).

This material is sufficiently pure for most purposes. If a purer
product is desired, the crude material is dissolved in 300 ml. of
dimethylformamide, 10 g. of activated alumina (48-100 mesh) is
added, and the mixture is filtered. The filtrate is heated to
80-90° on a steam bath, then 1 1. of boiling wa‘er is added im-
mediately (Note 2). The resultant mixture is cooled in an ice
bath, and the light buff crystals of 2,5-diamino-3,4-dicyanothio-
phene that separate are collected on a Biichner funnel and
thoroughly washed with 500 ml. of acetone; weight 26-28 g.
(79-85%). The product has no definite melting point but sub-
limes with some decomposition when heated above 250°.

2. Notes

1. Unless the pyridine is added quite rapidly, some of the
product will begin to precipitate before all of the sulfur has dis-
solved, and the final product will be contaminated with sulfur.

2. This operation should be carried out as rapidly as possible,
since prolonged heating in dimethylformamide results in loss of
product.

3. Methods of Preparation

2,5-Diamino-3,4-dicyanothiophene has been prepared only by
the action of hydrogen sulfide or sodium sulfide on tetracyano-
cthylene or tetracyanoethane.? Unlike most aminothiophenes,
2,5 diamino-3,4-dicyanothiophene is very stable and can be
stored indefinitely. Its amino groups show the normal reactivity
of aromatic amines. For example, they readily condense with
aromatic aldehydes to form highly colored bis-anils.? Hot 109
sodium hydroxide rearranges 2,5-diamino-3,4-dicyanothiophene
to 2-amino-3,4-dicyano-S-mercaptopyrrole.?

(Contribution No. 483 from Central Research Department, Experimental
Station, 15 Lo du Pont de Nemours & Co. (Inc.), Wilmington, Delaware.
S Carboni, Org. Syntheses, 39, 64 (1959).

 Middleton, Englehardt, and Fisher, J. Am. Chem. Soc., 80, 2822 (1958).
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DI-n-BUTYLDIVINYLTIN
(Tin, dibutyldivinyl-)

Tetrahydrofuran
_—

CH,—CHBr + Mg
2CH2:CHMgBI' + (%-C4H9)2SI’IC12 —>
(n-C4Hg)2Sn(CH=CHs)s + MgCly; + MgBr,

Submitted by DIETMAR SEYFERTH.!
Checked by MELvIN S. NEWMAN and S. RAMACHANDRAN.

CH,—CHMgBr

1. Procedure

In a 2-1. three-necked flask, equipped with a Dry Ice-acetone
reflux condenser, a mechanical stirrer, and a 250-ml. dropping
funnel, is placed 29.2 g. (1.2 g.-atoms) of magnesium turnings.
Enough tetrahydrofuran (THF) (Note 1) to cover the magnesium
is added, stirring is begun, and about 5 ml. of vinyl bromide
(Note 2) is added. After the reaction has started (Note 3), an
additional 350 ml. of the THF is added. The rest of the vinyl
bromide (140 g., 1.3 moles, total), dissolved in 120 ml. of THF,
is added at such a rate that a moderate reflux is maintained.
After the addition has been completed, the solution is refluxed for
30 minutes (Note 4). The Grignard solution is then cooled to
room temperature, and the Dry Ice-acetone condenser is replaced
with a water condenser which is fitted with a Drierite-filled drying
tube. A solution of 135 g. (0.44 mole) of di-n-butyltin dichloride
(Note 5) in 250 ml. of THF (Note 6) is then added, with stirring,
at such a rate that a moderate reflux is maintained. After the
addition has been completed, the reaction mixture is refluxed for
20 hours. The mixture is then cooled to room temperature and is
hydrolyzed by the slow addition of 150 ml. of a saturated am-
monium chloride solution (Note 7). The organic layer is then
decanted and the residual salts arec washed thoroughly with 3
portions of cther, the washings being added to the organic layer.
The ether and the THF are stripped off at atmospheric pressure;

DI-»-BUTYLDIVINYLTIN 11

a Claisen distillation head is used. The residue is then distilled
at reduced pressure using a vacuum-jacketed Vigreux column
cquipped with a total-reflux partial take-off head to give 95-116 g.
(74-919,) of di-n-butyldivinyltin, b.p. 60° at 0.4 mm., »¥
1.4797 (Notes 8 and 9).

2. Notes

1. Tetrahydrofuran, obtained from the Electrochemicals De-
partment of E. I. du Pont de Nemours & Co. (Inc.), was distilled
from lithium aluminum hydride prior to use. It is not advisable
to leave THF purified in this manner standing around for longer
periods, since, in the absence of the inhibitor present in the com-
mercial material, peroxides form fairly rapidly. (See also p. 57;
Note 2).

2. Vinyl bromide, obtained from the Matheson Company, was
redistilled prior to use. The distillate was collected in a receiver
cooled with a Dry Ice-acetone mixture and protected from day-
light.

3. In most cases the formation of the Grignard reagent began
in the absence of any initiator. In cases where the reaction did
not begin within a few minutes, 0.5 ml. of methyl iodide served to
initiate attack on the magnesium.

4. In small-scale preparations of vinylmagnesium bromide it
is advisable to carry out the reaction in an atmosphere of dry
nitrogen in order to prevent hydrolysis and oxidation of the
Grignard reagent. In larger-scale preparations such as the one
described here, where a considerable excess of Grignard reagent
is used, such precautions are not necessary.

5. Di-n-butyltin dichloride is a commercial product of Metal
and Thermit Corporation, Rahway, New Jersey.

0. The checkers found that 250 ml. of dry ether was equally
cffective.

7. Lnough saturated ammonium chloride solution is added to
cause coagulation of the inorganic salts to a particle size of about
2 5 mm. in diameter; the volume of solution required varies but
averages about 100-120 ml. per mole of Grignard rcagent. If the
hydrolysis is stopped at this point, a clear, essentially dry organic
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layer results, and in most instances no further drying is required
before distillation.

8. This general procedure has been used to prepare 22 a large
number of vinyltin compounds, including:

CHy;=CHSnR3 (R = CHs;, CoHj, n-C3Hy, n-C4Hy, CeHs)
(CHy=CH),5nR; (R = CHj, #n-C4Hy, (CHj3)3SiCH,, CeHj)
(CHy=CH)35nR (R = »#-C,H,, C¢Hj)

(CHy=CH)s5n

9. Grignard reagents other than vinylmagnesium bromide may
be used in this general procedure. The initial use of a Dry Ice-
acetone condenser, is then not required. Use of the THF solvent
provides a distinct advantage over the method recently described
in detail 4 in which ether is used as a solvent, since fewer steps
are required.

3. Methods of Preparation

The above procedure is essentially that described previously by
the author.? Di-n-butylvinyltin has been prepared by the reac-
tion between vinylmagnesium chloride with either di-z-butyltin
dichloride or di-n-butyltin oxide.® The preparation of vinyl-
magnesium bromide was first described by Normant.s

! Department of Chemistry, Massachusetts Institute of Technology, Cambridge,
Massachusetts.

2 Seyferth and Stone, J. Am. Chem. Soc., 79, 515 (1957).

3 Seyferth, J. Am. Chem. Soc., 79, 2133 (1957).

4 Van der Kerk and Luijten, Org. Syntheses, 36, 86 (1956).

5 Rosenberg, Gibbons, and Ramsden, J. Am. Chem. Soc., 79, 2137 (1957).

8 Normant, Compt. rend., 239, 1510 (1954).
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DICYANOKETENE ETHYLENE ACETAL

(1,3-Dioxolane-A%"*-malononitrile)

NC CN
/ HO—CH; .,
C=C + | —
N HO—CH,
NC CN
NC O—CH,
AN /
C=C + 2HCN
VRN
NC 0—CH,

Submitted by C. L. DickinsoN and L. R. MELBY.!
Checked by James CasoN, EpwiN R. Harris, and WirLiam T. MILLER.

1. Procedure

Caution! This preparation must be carried out in a good hood
because hydrogen cyanide is evolved. It is inadvisable to allow con-
lact of tetracvanoethylene with the skin.

Urea (4.0 g., 0.067 mole) is dissolved in 50 ml. of distilled
cthylene glycol (Note 1) contained in a 125-ml. Erlenmeyer
flask. Finely divided recrystallized tetracyanoethylene 2 (25.6 g.,
(.20 mole) is added, and the flask is heated on a steam bath at
70-75° with frequent stirring by hand with a thermometer until
solution is complete (about 15 minutes). The resultant brownish-
ycllow solution is then cooled in ice water, and the precipitated
dicyanoketene ethylene acetal is collected on a Biichner funnel.
The acetal is first washed with two 25-ml. portions of cold
cthylene glycol and then washed thoroughly with cold water to
remove the ethylene glycol. The dicyanoketene ethylene acetal,
which may be dried in air or in a vacuum desiccator, is obtained
in the form of large slightly pink needles, m.p. 115-116.5° (Note
2): yield 21-23 g. (77-85Y,).
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2. Notes

1. Moisture in the ethylene glycol leads to lowered yields.
Satisfactory results are obtained with glycol collected at 199.5-
201° from a simple distillation.

2. The color may be removed by recrystallization from ethanol
after treatment with decolorizing carbon; however, the melting
point is not improved and occasionally is found to be lowered.

3. Methods of Preparation

The synthesis of dicyanoketene ethylene acetal described here
is a slight modification of one published recently.® The procedure
has been applied successfully to the synthesis of dicyanoketene
dimethyl acetal and dicyanoketene diethyl acetal.?

Dicyanoketene ethylene acetal reacts with tertiary amines to
give quaternary ammonium inner salts.? Similarly, it reacts with
sulfides to give sulfonium inner salts.® These products are gener-
ally solids that can be used to characterize tertiary amines and
sulfides. Dicyanoketene acetals can be converted to pyrimidines,
pyrazoles, or isoxazoles in one step.*

! Contribution No. 481 from Central Research Department; Experimental
Station, E. I. du Pont de Nemours & Co. (Inc.), Wilmington, Delaware.

2 Carboni, Org. Syntheses, 39, 64 (1959).

3 Middleton and Engelhardt, J. Am. Chem. Soc., 80, 2788 (1958).
4 Middleton and Engelhardt, J. Am. Chem. Soc., 80, 2829 (1958).
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9,10-DIHYDROXYSTEARIC ACID
(low-melting isomer)
(Octadecanoic acid, 9,10-dihydroxy-)
CH3(CH,),CH=CH(CH,);COH + H3;0, + HCO;H —
it e CHj(CH,);CH—CH(CH,);CO,H
OH OCHO

OH OCHO
CH3(CH,),CH—CH(CH,);CO;Na + HCO;Na
OH OH
ClH;3(CH,);CH—CH(CH;);COzNa + HCl —

OH OH
CH;3(CH;);CH—CH(CH.),CO;H + NaCl

OH OH

Low-melting isomer
)

Submitted by DANIEL SWERN, JoHN T. SCANLAN,
and GERALDINE B. DickEL.!
Checked by Joun D. RoBeErTs and Epcar F. KIEFER.

1. Procedure

To a well-stirred mixture of 141 g. (0.5 mole) of oleic acid
(Note 1) and 425 ml. of formic acid (Note 2) in a 1-1. three-necked
flask at 25° is added the appropriate amount (Note 3) of 309,
(100 volume) hydrogen peroxide (approximately 60 g.) over a
15 minute period (Note 4). The reaction becomes mildly exo-
thermic after a lag of about 5-10 minutes, and homogeneous
alter about 20-30 minutes. The temperature is maintained at
10" with a cold water bath at the beginning, and with a warm
water bath or heating mantle toward the end, of the reaction.
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After about 3 hours or after analysis has indicated that the
peroxide has been consumed (Note 5), the formic acid is removed
by distillation under reduced pressure (b.p. 50°/125 mm.) in a
stream of gas (carbon dioxide or nitrogen) to prevent bumping
(Note 6). The residue in the flask, which consists of hydroxy-
formoxystearic acids, is heated for 1 hour at 100° with an excess
of 3NV aqueous sodium hydroxide, and the hot, amber-colored
soap solution is cautiously poured into an excess of 3N hydro-
chloric acid with stirring. The oil which separates is allowed to
solidify, and the aqueous layer is discarded. The tan-colored
solid is remelted on the steam bath by addition of hot water and
stirred well to remove residual salts and water-soluble acids
(Note 7). When the oil has solidified, the aqueous layer is dis-
carded, and the solid is broken into small pieces and dissolved in
400 ml. of 959, ethanol by heating on the steam bath. After
crystallization at 0° for several hours, the product is collected on a
filter and dried under vacuum. The yield of crude .9,10-dihy-
droxystearic acid is 75-80 g., m.p. 85-90°. After a second
recrystallization from 250 ml. of 959, ethanol, the product weighs
about 6065 g. and melts at about 90-92°. A third recrystalliza-
tion may be necessary to produce a pure product melting at
94-95°. The over-all yield is 55-60 g. (50-559,, based on the
available oleic acid) (Note 8).

2. Notes

1. The checkers used commercial v.s.p. oleic acid, which has
an iodine number of about 60-70 and contains 65-759, oleic
acid. The submitters report that, if highly purified oleic acid
is used, the yield of fairly pure 9,10-dihydroxystearic acid is
almost quantitative, but the purification procedure for oleic acid
[Biochem. Preparations, 2, 100 (1952)] is more lengthy and in-
convenient than the purification of the hydroxylation product.
The over-all yield is approximately the same in either case.

2. The formic acid employed is the 98-1009, grade. The sub-
mitters report that the 909, grade of acid is satisfactory, but the
reaction mixture remains heterogencous throughout.  ‘They also
state that, instead of formic acid, an equal volume of glacial
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acetic acid containing 2.59%, by weight of concentrated sulfuric
acid may be employed. With acetic acid-sulfuric acid, a 6-hour
reaction time is required. However, the yield of 9,10-dihydroxy-
stearic acid is slightly lower than the yield obtained when formic
acid is employed and the iodine number of the crude reaction
product is about 6-9.

3. If commercial oleic acid is used, the iodine number should be
determined beforehand and the quantity of hydrogen peroxide
adjusted accordingly. The hydrogen peroxide should be assayed
immediately before use; ““100 volume peroxide” usually contains
about 30% hydrogen peroxide by weight. This determination is
conveniently carried out by weighing 0.2-0.3 g. of the hydrogen
peroxide solution into an Erlenmeyer flask with a ground-glass
stopper and adding 20 ml. of a glacial acetic acid-chloroform
solution (3:2 by volume). Two milliliters of saturated aqueous
potassium iodide solution is added, and the mixture is allowed to
stand for 5 minutes. Distilled water (75 ml.) is added and the
libcrated iodine titrated with 0.1¥ sodium thiosulfate solution
to a starch end point. This procedure is also satisfactory for
determining the peroxide content of the oxidation mixture, ex-
cept that 1-2 g. samples are taken [cf. Wheeler, Oil & Soap, 9, 89
(1932)].

4. The submitters state that in one-tenth scale preparations the
hydrogen peroxide solution can be added in 1 portion. In larger
runs the addition may require 30 minutes to 1 hour.

5. The reaction time ranges from 1.5 to about 4 hours. Prog-
ress of the reaction should be followed by determining the
peroxide content of the oxidation mixture at half-hour intervals
after all the hydrogen peroxide has been added. Approximately
all the peroxide should be consumed before distillation is at-
fempted.

0. Instead of removing the formic acid by distillation, the
reaction mixture may be poured into a large quantity of water
and the oily layer dissolved in ether. The ether solution is
washed free of formic acid and then subjected to distillation to
remove the ether; hydroxyformoxystearic acids are left as a
residue.  ‘The submitters found that, in larger-scale operations
(five or more times the size of the run described), no cther was
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required and the oily layer was washed with water until free of
formic acid. When acetic acid containing sulfuric acid was em-
ployed as the solvent, the reaction mixture was poured into hot
water, and the oil which formed was separated mechanically or
by extraction with ether.

7. The pH of the wash water should be below 6 in order to be
certain that all soap in the product has been converted to free
acid. If the pH is above 6, a small quantity of 3¥ hydrochloric
acid should be added and the stirring continued for several min-
utes.

8. The submitters report that the high-melting isomer of
9,10-dihydroxystearic acid can be prepared from elaidic acid
[Biochem. Preparations, 3, 118 (1953)] by essentially the procedure
described for oleic acid. With elaidic acid, instead of removing
the formic acid by distillation, the reaction mixture may be
poured into hot water and the oil which forms separated me-
chanically. The product is not readily soluble in ether. When
acetic acid containing sulfuric acid is employed as the solvent,
the reaction mixture is poured into /ot water with thorough mix-
ing, allowed to cool to room temperature, and filtered. The sub-
sequent procedure (saponification and acidification) is the same
as that described for the hydroxylation of oleic acid except that
the crude dihydroxystearic acid, obtained after acidification of
the soap, cannot be melted with hot water during the washing
but is merely stirred well at 95-100° on the steam bath with a
large quantity of hot water (Note 7). About 5 ml. of ethanol
per gram of solute should be used in the recrystallization.
The pure product melts at 130-131°. The yield depends on the
purity of the starting material; if highly purified elaidic acid is
used, the yield is about 809, after one recrystallization.

3. Methods of Preparation

The procedures described have been published.? Other pro-
cedures, which are not so satisfactory as the ones described, have
also been published.®*

1U. 8. Dept. of Agriculture, Eastern Ulilization Research and Development
Division, Philadelphia 18, Pennsylvania.
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2 Swern, Billen, Findley, and Scanlan, J. Am. Chem. Soc., 67, 1786 (1945).
3 Hilditch, J. Chem. Soc., 1926, 1828; Hilditch and Lea, ibid., 1928, 1576.
4 Scanlan and Swern, J. Am. Chem. Soc., 62, 2305 (1940).

N,N-DIMETHYLCYCLOHEXYLMETHYLAMINE
(Cyclohexanemethylamine, N,N-dimethyl-)
CO.H CocCl1

/ /
O + S0Cl, — O + SO, + HC1

COCl1

/
O + 2HN(CHj); —
CON(CHa),

/
O + (CH;),NH-HCI

CON(CHjy)s CH,;N(CHg):

O/ LiAIH, O/
—_—

Submitted by ArTHUR C. CoPE and ENGELBERT CIGANEK.!
Checked by WirLiam E. PaArEAM and RoBERT KONCOS.

1. Procedure

A. N,N-Dimethylcyclohexanecarboxamide. In a 1-1. three-
necked flask equipped with a reflux condenser and a dropping
funnel, both carrying drying tubes, is placed 128 g. (1.0 mole) of
cyclohexanecarboxylic acid (Note 1). Thionyl chloride (179 g.,
1.5 moles) (Note 1) is added during 5 minutes to the acid, with
stirring by a magnetic stirrer. The flask is placed in an oil bath
and heated at a bath temperature of 150° for 1 hour. The reflux
condenser is then replaced by a distillation head (Note 2), 200 ml.
of anhydrous benzene is added, and the mixture is distilled until
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the temperature of the vapors reaches 95°. The mixture is
cooled, another 200 ml. of anhydrous benzene is added, and the
distillation is continued until the temperature of the vapors again
reaches 95°. The cooled residual acid chloride is transferred
with a little benzene to a dropping funnel which is attached to a
2-1. three-necked flask. The flask is fitted with an efficient me-
chanical stirrer and a drying tube and is immersed in an ice bath.
A solution of 135 g. (3.0 moles) of anhydrous dimethylamine
(Note 1) in 150 ml. of anhydrous benzene is introduced into the
flask. The acid chloride is added very slowly from the dropping
funnel to the vigorously stirred solution, the addition taking
about 2 hours. The mixture is then stirred at room temperature
overnight. Two hundred milliliters of water is added, the layers
are separated, and the aqueous phase is extracted with two
100-ml. portions of ether. The extracts are combined with the
benzene layer, washed with saturated sodium chloride solution,
and dried over 100 g. of anhydrous magnesium sulfate. Most of
the solvent is removed by distillation through a 20-cm. Vigreux
column at atmospheric pressure, and the residual liquid is dis-
tilled through the column under reduced pressure. The fraction
boiling at 85-86°/1.5 mm. is collected (Note 3). The yield of
N,N-dimethylcyclohexanecarboxamide is 133-138 g. (86-89%),
n% 1.4800-1.4807.

B. N,N-Dimethylcyclohexylmethylamine. In a 3-1. three-necked
flask equipped with a reflux condenser and a dropping funnel,
both protected by drying tubes, is placed a suspension of 32 g.
(0.85 mole) of lithium aluminum hydride (Note 4) in 400 ml. of
anhydrous ether (Note 5). The mixture is stirred with a mag-
netic stirrer using a 40-mm. Teflon-covered stirring bar. A solu-
tion of 133 g. (0.85 mole) of N,N-dimethylcyclohexanecarbox-
amide in 300 ml. of anhydrous ether (Note 5) is added at such a
rate as to maintain gentle reflux. The addition requires about 1
hour. The flask is then placed in an electric heating mantle, and
the mixture is stirred and heated under reflux for 15 hours. The
heating mantle is replaced by an ice bath, and the flask is fitted
with an efficient mechanical, sealed stirrer. Water (70 ml.) is
added slowly with vigorous stirring. Stirring is continued for
30 minutes after the addition of water is complete. A cold solu-
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tion of 200 g. of sodium hydroxide in 500 ml. of water is added at
once, and the flask is fitted for steam distillation. The mixture
is steam-distilled until the distillate is neutral; about 1.5 1. is
collected. The distillate is acidified by careful addition, with
water cooling, of 95 ml. of concentrated hydrochloric acid. The
two layers are separated and the ether layer washed with 50 ml.
of 109 hydrochloric acid. The combined acidic solutions are
concentrated until no more distillate comes over at steam bath
temperature and 20 mm. pressure. The residue is dissolved in
200 ml. of water, the solution cooled, and 110 g. of sodium hy-
droxide pellets is added slowly, with stirring and external cooling
with ice. The two layers are separated, and the aqueous phase
is extracted with three 100-ml. portions of ether (Note 6). The
combined amine layer and ether extracts are dried over 40 g. of
potassium hydroxide pellets for 3 hours. The drying agent is
separated by decantation, and the solvent is removed by distilla-
tion through a 20-cm. Vigreux column. The residue, on distilla-
tion under reduced pressure, yields 106-107 g. (889%,) of N,N-di-
methylcyclohexylmethylamine, b.p. 76°/29 mm., #% 1.4462-
1.4463.

2. Notes

1. The material as supplied by the Eastman Kodak Company
(white label grade) may be used without further purification.

2. No fractionating column was used.

3. Insome runs, small amounts of sulfur-containing compounds
distilled together with the amide. These impurities did not affect
the yield and purity of the N,N-dimethylcyclohexylmethylamine
obtained in the subsequent reduction with lithium aluminum
hydride.

4. Lithium aluminum hydride as supplied by Metal Hydrides
Inc., Beverly, Massachusetts, may be used without prior pul-
verization.

5. Mallinckrodt absolute ethyl ether (reagent grade) may be
used without further drying.

6. The checkers added enough water to dissolve most of the
solid before the second and third cther extractions.
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3. Methods of Preparation

N,N-Dimethylcyclohexylmethylamine has been prepared by
reduction of N,N-dimethylcyclohexanecarboxamide with lithium
aluminum hydride;»?* by the action of dimethylformamide on
cyclohexanecarboxaldehyde;* by methylation of cyclohexyl-
methylamine 35 and of N-methylcyclohexylmethylamine by
the Clarke-Eschweiler method (treatment with formaldehyde
and formic acid) and by the action of dimethylamine on cyclo-
hexylmethyl bromide.¢

N,N-Dimethylcyclohexanecarboxamide has been prepared by
the action of dimethylamine on cyclohexanecarbonyl chloride.? %7

The experimental procedure described is a modification of the
method reported by Mousseron, Jacquier, Mousseron-Canet, and
Zagdoun ? and by Baumgarten, Bower, and Okamoto.?

1 Massachusetts Institute of Technology, Cambridge 39, Massacflusetts. Sup-

ported by the Office of Ordnance Research, U. S. Army, under Contract No.
DA-19-020-ORD-4542.

2 Mousseron, Jacquier, Mousseron-Canet, and Zagdoun, Bull. soc. chim. France,
1952, 1042.

 Baumgarten, Bower, and Okamoto, J. Am. Chem. Soc., 79, 3145 (1957).

4 Mousseron, Jacquier, and Zagdoun, Bull. soc. chim. France, 1952, 197.

8 Cope, Bumgardner, and Schweizer, J. Am. Chem. Soc., 79, 4729 (1957).

¢ Dunn and Stevens, J. Ckhem. Soc., 1934, 279.

7 Bernhard, Z. physiol. Chem., 248, 256 (1937).
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$-DITHIANE
CH,SH CH2SNa
, + 2C2H5ON& b I + 2C2H5OH
CH,S5H CHySNa

S
VAN
CstNa CHzBr CH2 CH2

+ | - | | + 2NaBr
CH,SNa  CH,Br CH, CH,
N/

Submitted by RicHARD G. GiLLis and A. B. LAcey.!
Checked by B. C. McKusick and R. J. HARDER.

1. Procedure

In a 3-1. round-bottomed flask fitted with a mechanical stirrer
and a reflux condenser is placed 2.0 1. of anhydrous ethanol. To
this is added 11.5 g. (0.5 g.-atom) of sodium cut into small pieces.
When the sodium is completely dissolved, 23.6 g. (21.0 mi,,
0.25 mole) of 1,2-ethanedithiol ? is added, followed by 47.0 g.
(21.7 ml., 0.25 mole) of ethylene dibromide. The mixture is stirred
and refluxed for 4 hours, cooled, and filtered to remove some
sodium bromide mixed with polyethylene sulfide. The solid is
washed with 100 ml. of ethanol, and the combined filtrates are
distilled with stirring. When bumping becomes troublesome, as
it generally does when 1.3-1.5 1. of distillate has been collected,
the hot reaction mixture is filtered to remove sodium bromide,
and the sodium bromide is washed with 100 ml. of hot ethanol.

The combined filtrates are returned to the reaction vessel, and
distillation with stirring is continued until virtually all the ethanol
has been removed. The distillation is stopped when crystals of
p-dithiane appear in the condenser or when dilution of the distil-
late with water causes a milky appearance or the formation of a
small quantity of crystals. One liter of water is added to the
residue, and the stirred mixture is distilled, using the apparatus
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Fi1c. 1. Apparatus for steam distillation of a solid.

of Fig. 1 (Note 1), until no further p-dithiane solidifies in the
condenser.

The dithiane is filtered and dried over phosphorus pentoxide
or sodium hydroxide in a desiccator at atmospheric pressure. It
melts at 112-113° and weighs 16.5-18.1 g. (55-609%,).

2. Note

1. The apparatus illustrated is convenient for the steam-
distillation of compounds which solidify in the condenser. By
having the water condenser vertical, it can easily be cleared with
a glass rod. No solidification occurs in the side arm, which be-
haves as a short air condenser. The adapter shown need not be
specially constructed but may be assembled from commercially
available components; the dimensions and joint sizes are not
critical.

3. Methods of Preparation

The procedure described is essentially that of Victor Meyer. 3
p-Dithiane has also been obtained from the pyrolysis of the
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polymer formed by the reaction of ethylene dibromide and potas-
sium sulfide, either alone,*¢ or in phenol.”

t Australian Defence Scientific Service (Defence Standards Laboratories, Depart-
ment of Supply, Melbourne, Australia).

2 Speziale, Org. Syntheses, 30, 35 (1950).

3 Meyer, Ber., 19, 3259 (1886).

4 Crafts, Ann., 124, 110 (1862).

5 Husemann, Ann., 126, 281 (1863).

& Masson, J. Chem. Soc., 49, 234 (1886).

7 Mansfeld, Ber., 19, 697 (1886); Fuson, Lipscomb, McKusick, and Reed, J. Org.
Chem., 11, 513 (1946).

ETHYL (1-PHENYLETHYLIDENE)CYANOACETATE

(Cinnamic acid, a-cyano-g-methyl-, ethyl ester)
CH;CO;NH,
CH3COH

CH3(|3-——C(CN)C02C2H5 + H,O

CgH;COCH3 4+ CHo(CN)COoCoHj5

C6H5

Submitted by S. M. McELvaIN and Davip H. CLEMENS.!
Checked by W. E. Paraam, PErry W. KIRKLIN, JRr.,
and WayLanNp E. Noran.

1. Procedure

In a 1-1. three-necked round-bottomed flask fitted with a
Hershberg stirrer and a constant water separator (Note 1) sur-
mounted by a reflux condenser are placed 120 g. (1 mole) of
acetophenone, 113 g. (1 mole) of ethyl cyanoacetate (Note 2),
15.4 g. (0.2 mole) of ammonium acetate, 48.0 g. (0.8 mole) of
glacial acetic acid, and 200 ml. of benzene. The reaction mixture
is stirred and heated under reflux for 9 hours during which time
28-33 ml. of lower layer is collected in the water separator (Note
3). To the cooled reaction mixture is added 100 ml. of benzene,
and the whole is extracted with three 100-ml. portions of water.
The combined aqueous layers are extracted with 30 ml. of ben-
zene, which is then added to the organic layer from the previous



26 ORGANIC SYNTHESES, VOL. 39

extraction. Anhydrous magnesium sulfate (15 g.) is added, and,
after swirling occasionally for 10 minutes, the mixture is filtered
by suction and the magnesium sulfate washed with two 25-ml.
portions of benzene. The benzene is removed by distillation at
reduced pressure and the residual oil distilled rapidly through a
15-cm. column. The yield of ester is 113-125 g. (52-58%,), b.p.
135-160° (0.35 mm.) (Note 4).

2. Notes

1. A typical water separator has been described by Cope
et al.?

2. Eastman Kodak white label grade acetophenone and ethyl
cyanoacetate are used without further purification. The checkers
used Matheson, Coleman, and Bell acetophenone and ethyl
cyanoacetate without further purification.

3. The checkers used ammonium acetate which was slightly
moist; consequently 33.5-34.5 ml. of lower layer was collected.

4. The checkers report the refractive index of the product to be
nB! 1.5468-1.5469.

3. Methods of Preparation

The above procedure is essentially that described by Cope
et al.? Ethyl (1-phenylethylidene)cyanoacetate has been pre-
pared also by condensing acetophenone with ethyl cyanoacetate
in the presence of zinc chloride and aniline.?

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

% Cope, Hofmann, Wyckoff, and Hardenbergh, J. Am. Chem. Soc., 63, 3452

(1941).
& Scheiber and Meisel, Ber., 48, 238 (1915).
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INDAZOLE
(Benzopyrazole)
0 6]
V4 Ve
O L HCO,C,H, NaOEt NyH-Hy0
\CHOH
——  PdC (Z
| II\II —_ l |
e \\ -
N N
H H

Submitted by C. AINSWORTH.!
Checked by Max Ti1SHLER, GEORGE GAL, and G. A. STEIN.

1. Procedure

A. 2-Hydroxymethylenecyclohexanone, Method 1. A mixture of
23 g. (1 g.-atom) of sodium metal cut in approximately 1-cm.
cubes, 2 1. of dry ether, 98 g. (103 ml., 1 mole) of redistilled
cyclohexanone, and 110 g. (120 ml., 1.5 moles) of ethyl formate is
placed in a 5-1. three-necked flask equipped with a stirrer, stopper,
and vent tube. The reaction is initiated by the addition of 5 ml.
of ethyl alcohol to the stirred mixture, which is then placed in a
cold water bath. Stirring is continued for 6 hours. After stand-
ing overnight, 25 ml. of ethyl alcohol is added, and the mixture
is stirred for an additional hour. After the addition of 200 ml. of
water, the mixture is shaken in a 3-1. separatory funnel. The
cther layer is washed with 50 ml. of water, and the combined
aqueous extracts are washed with 100 ml. of ether. The aqueous
layer is acidified with 165 ml. of 6V hydrochloric acid, and the
mixture is extracted twice with 300 ml. of ether. The ether solu-
tion is washed with 25 ml. of saturated sodium chloride solution
and then is dried by the addition of approximately 30 g. of an-
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hydrous magnesium sulfate powder. The drying agent is re-
moved by suction filtration, and the ether is evaporated on the
steam bath. The residue is distilled under reduced pressure using
a 6-inch Vigreux column. After a small fore-run there is obtained
88-94 g. (70-74%) of 2-hydroxymethylenecyclohexanone, b.p.
70-72°/5 mm., % 1.5110 (Note 1).

2-Hydroxymethylenecyclohexanone, Method 2. A mixture of
50 g. (1 mole) of 48%, sodium hydride dispersed in mineral oil
(Note 2), 2 1. of dry ether, and 5 ml. of ethyl alcohol is placed in a
5-1. three-necked flask equipped with a stirrer, dropping funnel,
and vent tube. The reaction vessel is cooled by means of a cold
water bath, and a solution of 98 g. (103 ml., 1 mole) of redistilled
cyclohexanone and 110 g. (120 ml., 1.5 moles) of ethyl formate is
added dropwise during 1 hour. Stirring is continued for 6 hours
(Note 3), and the solution is allowed to stand overnight. After
the addition of 20 ml. of ethyl alcohol, the mixture is stirred for
1 hour. Water (200 ml.) is added to the flask with stirring, the
mixture is shaken in a 3-1. separatory funnel and the organic layer
separated. The product is isolated according to the procedure
described in Method 1. The yield of 2-hydroxymethylenecyclo-
hexanone is the same by both methods.

B. 4,5,6,7-Tetrahydroindazole. A solution of 63 g. (0.5 mole)
of 2-hydroxymethylenecyclohexanone and 500 ml. of methyl
alcohol contained in a 2-1. beaker is treated with 25 ml. (0.5 mole)
of hydrazine hydrate in small portions (Note 4). After standing
for 30 minutes the mixture is concentrated by warming under
reduced pressure on the steam bath. To aid in removing the
water, 100 ml. of ethyl alcohol is added, and again the mixture is
concentrated by heating under reduced pressure. The residue
is dissolved in about 100 ml. of hot petroleum ether (Note 5), and
after cooling in an ice bath for 1 hour the solid that separates is
collected by suction filtration and washed with a small amount of
cold petroleum ether. The crude 4,5,6,7-tetrahydroindazole,
m.p. 79-80°, weighs 58-60 g. (95-98%,) and is sufficiently pure to
be used in the next step (Notes 6 and 7).

C. Indazole. A mixture of 50 g. (0.41 mole) of 4,5,6,7-tetra-
hydroindazole, 35 g. of 59, palladium on carbon (Note 8) and 11.
of dry Decalin is placed in a 3-1. round-bottomed flask and heated
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under reflux for 24 hours. The hot mixture is filtered by suction,
using a previously heated Biichner funnel, and the catalyst is
washed on the funnel with 100 ml. of hot (100°) Decalin. The
combined filtrate is allowed to cool and is refrigerated overnight.
The indazole is collected by suction filtration and is air-dried.
The product weighs 32-36 g. (66-76%) and is essentially pure
indazole, m.p. 147-148° (Note 9).

2. Notes

1. 2-Hydroxymethylenecyclohexanone begins to polymerize
after standing at room temperature for several days.

2. Available from Metal Hydrides Inc., Beverly, Massa-
chusetts.

3. After an hour or so, the ether comes to a boil, and the reac-
tion mixture is cooled in a cold water bath.

4. The reaction is exothermic but is contained in the beaker.

5. The petroleum ether fraction used was Skellysolve B (boiling
range 60-70°).

6. 4,5,6,7-Tetrahydroindazole can be distilled, b.p. 135-
140°/5 mm. It is recrystallized from petroleum ether and melts
at 84°.

7. The petroleum ether purification step may be eliminated
with equally satisfactory results. After dehydration with ethyl
alcohol, the residue is dried under reduced pressure to constant
weight and used directly for the next step.

8. The palladium catalyst is prepared according to Organmic
Syntheses, Coll. Vol. 3, 686 (1955). It can be reused for the de-
hydrogenation of 4,5,6,7-tetrahydroindazole to indazole. The
yield is somewhat better with used catalyst than with fresh
catalyst.

9. Indazole is recrystallized from petroleum ether and melts
at 147°.

3. Methods of Preparation
2-Hydroxymethylenecyclohexanone has been prepared by the

reaction of cyclohexanone and alkyl formates.?
4,5,6,7- Tetrahydroindazole has heen prepared by the hydrolysis
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of 1-carbamyl-4,5,6,7-tetrahydroindazole.® It was first pre-
pared in the Lilly Research Laboratories by Dr. N. Easton by the
reaction of 2-hydroxymethylenecyclohexanone and hydrazine
hydrate.

Indazole has been prepared according to the method reported
in Organic Syntheses.® The present method employs milder reac-
tion conditions. Recently, indazole has been prepared by the
hydrolysis or reduction of 3-cyanoindazole,® by heating 1-o-
tolyl-3,3-dimethyltriazine,” by the coupling of N-nitroso-o-benzo-
(or aceto)-toluidide,*® and by the decomposition of cis-2-stil-
benediazonium fluoroborate.

! The Lilly Research Laboratories, Indianapolis 6, Indiana.

? Wallach, Steindorff, and Grimmer, Ann., 829, 109 (1903).

# von Auwers, Buschmann, and Heidenreich, Ann., 435, 277 (1924).
* Plattner, Treadwell, and Scholz, Helv. Chim. Acta, 28, 771 (1945).
§ Stephenson, Org. Syntheses, Coll. Vol. 8, 475 (1955).

& Rousseau and Lindwall, J. Am. Chem. Soc., 72, 3047 (1950).

" Cook, Dickson, Jack, Loudon, McKeown, MacMillan, and Williamson, J.
Chem. Soc., 1950, 139.

8 Huisgen and Nakaten, Ann., 578, 181 (1951).
® Huisgen and Nakaten, 4nn., 586, 84 (1954).
10 DeTar and Chu, J. Am. Chem. Soc., 76, 1686 (1954).

INDOLE-3-ALDEHYDE
(3-Indolecarboxaldehyde)

1. POCly
@j + HCON(CHy), 208
N
H
. CHO
@ ) + (CHy),NH
N
H

Submitted by Purie N. Jamis and T R. SNyDER.!
Checked by Viren, Boekkriane and Ricnarn N, K NowLis,
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1. Procedure

In a 1-l. round-bottomed, three-necked flask fitted with an
efficient mechanical stirrer, a drying tube containing Drierite,
and a 125-ml. dropping funnel is placed 288 ml. (274 g., 3.74
moles) of freshly distilled dimethylformamide (Note 1). The
flask and its contents are cooled in an ice-salt bath for about 0.5
hour, and 86 ml. (144 g., 0.94 mole) of freshly distilled phosphorus
oxychloride (Note 2) is subsequently added with stirring to the
dimethylformamide over a period of 0.5 hour. The pinkish color
of the formylation complex may be observed during this step.
The 125-ml. dropping funnel is replaced with a 200-ml. dropping
funnel, and a solution of 100 g. (0.85 mole) of indole (Note 3) in
100 ml. (95 g., 1.3 moles) of dimethylformamide is added to the
yellow solution over a period of 1 hour during which time the
temperature should not rise above 10°. Once the solution is well
mixed, the dropping funnel is replaced with a thermometer, and
the temperature of the viscous solution is brought to 35°. The
syrup is stirred efficiently at this temperature for 1 hour, or for 15
minutes longer than is necessary for the clear yellow solution to
become an opaque, canary-yellow paste (Note 4). At the end of
the reaction period, 300 g. of crushed ice is added to the paste
(Note 5) with careful stirring, producing a clear, cherry-red
aqueous solution.

This solution is transferred with 100 ml. of water to a 3-l.
three-necked flask containing 200 g. of crushed ice and fitted
with an efficient mechanical stirrer and a separatory funnel con-
taining a solution of 375 g. (9.4 moles) of sodium hydroxide in
1 1. of water. The aqueous base is added dropwise with stirring
until about one-third of it has been added (Note 6). The remain-
ing two-thirds is added rapidly with efficient stirring (Note 7),
and the resulting suspension is heated rapidly to the boiling point
and allowed to cool to room temperature, after which it is placed
in a refrigerator overnight. The precipitate is collected on a
hilter and resuspended in 1 1. of water. Most of the inorganic
material dissolves, and the product is then collected on a filter,
washed with three 300-ml. portions of water and air-dried, yield-
ing about 120 g. (979%) of indole-3-aldehyde, m.p. 196-197°. The
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indole-3-aldehyde resulting from this procedure is sufficiently
pure for most purposes, but it may be recrystallized from ethanol
if desired (Note 8).

2. Notes

1. Freshly distilled Merck reagent grade or du Pont technical
grade, dimethylformamide, b.p. 151-153°, was used.

2. Mallinckrodt analytical reagent grade phosphorus oxychlo-
ride was freshly distilled, b.p. 106-108°.

3. Dow Chemical Company indole was employed. It was re-
crystallized once (150 g./1800 ml.) from 60-90° petroleum ether,
m.p. 52-53°.

4. The precipitation described here did not occur in all runs,
but no appreciable effect on the yield or purity of the final product
was noticed if the stirring and heating of the greenish yellow solu-
tion were continued for at least one hour.

5. Reaction between the non-aqueous paste and water (or ice)
is exothermic, so it is sometimes helpful to cool the paste in an ice
bath before adding the ice. In any case, no trouble should be en-
countered provided the 300 g. of ice is added at once.

6. The point at which rapid addition should begin is easily
recognized by the disappearance of the red color of the solution
and the appearance of a greenish blue or greenish yellow color.

7. Near the end of the addition, the entire contents of the flask
may set up solid, stopping the stirrer. The use of a powerful
stirrer at this point is desirable, for by the addition of about 100
ml. of water with rapid stirring, the cake is returned to the condi-
tion of a thick slurry. During the heating period which follows,
the setting-up may again occur, but rapid and efficient stirring is
usually sufficient to break up the cake. By the time the tempera-
ture has reached the boiling point, a clear yellow-orange solution
should be obtained.

There is considerable evolution of dimethylamine during the
heating period, especially near the boiling point.

8. About 8.5 ml. of 959, ethanol is required per gram of alde-
hyde. The recovery of aldehyde in this recrystallization is seldom
better than 859, and the mclting point is raised only 1-2°, Con-
centration of mother liquors to about 159 of their original volume
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yields another 12-139, of aldehyde which is nearly as pure as the
first crop.

3. Methods of Preparation

Indole-3-aldehyde may be prepared by direct formylation of
indole with dimethylformamide 23 or N-methylformanilide 4 using
phosphorus oxychloride as a catalyst, by the Reimer-Tiemann
reaction,®® by a modified Gattermann reaction on 2-carbeth-
oxyindole,® by formylation of the potassium salt of indole with
carbon monoxide under vigorous conditions of heat and pressure,?
by the Grignard reaction,” by hydrolysis and decarboxylation of
the anil of 3-indolylglyoxylic acid,® by a modified Sommelet reac-
tion on gramine ® and on indole itself,’ and by oxidation and
hydrolysis of N-skatyl-N-phenylhydroxylamine.!! The method
described above is essentially that of Smith.? It is far superior to
other methods reported for the preparation of indole-3-aldehyde
because it is extremely simple and convenient, the yield of alde-
hyde is nearly quantitative, and the product is obtained in a state
of high purity. Two other examples of the use of the dimethyl-
formamide procedure have been described previously in Organic
Syntheses. 2

! Department of Chemistry and Chemical Engineering, University of Illinois,
Urbana, Illinois.

2 Smith, J. Chem. Soc., 1964, 3842.

3 Tyson and Shaw, J. Am. Chem. Soc., 74, 2273 (1952).

4 Shabica, Howe, Ziegler, and Tishler, J. Am. Chem. Soc., 68, 1156 (1946).

& Ellinger, Ber., 89, 2515 (1906); Ellinger and Flamand, Z. pkysiol. Chem., 65, 8
(1908).

8 Boyd and Robson, Biochem. J., 29, 555 (1935).

7 Dow Chemical Company, British Pat. 618,638 (Feb. 24, 1949) [C.4., 43, 5806
(1949)].

8 Elks, Elliott, and Hems, J. Chem. Soc., 1944, 629.

% Snyder, Swaminathan, and Sims, J. Am. Chem. Soc., 74, 5110 (1952).

10 Swaminathan and Ranganathan, Chem. & Ind. (London), 1955, 1774.
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2 Opg. Syntheses, 33, 27 (1953); 36, 74 (1956).
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2-MERCAPTO-4-AMINO-5-CARBETHOXYPYRIMIDINE

(6-Pyrimidinecarboxylic acid, 4-amino-2-mercapto-, ethyl ester)

AND 2-MERCAPTO-4-HYDROXY-5-CYANOPYRIMIDINE
(6-Pyrimidinecarbonitrile, 4-hydroxy-2-mercapto-,)

C2H50CH:C(CN)C02C2H5+ CS(NH2)2 CzH;0Na
NH OH
C2H502C 2 NC
._I_.
A J
SH N gy

Submitted by T. L. V. ULBricHT, TaAkUO OKUDA, and CHARLES C. PRICE.!
Checked by B. C. McKusick and STEPHEN PROSKOW.

1. Procedure

A. 2-Mercapto-4-amino-5-carbethoxypyrimidine. A 5-1. three-
necked, round-bottomed flask mounted in a heating mantle is
fitted with a 250-ml. dropping funnel, an efficient, sealed, me-
chanical stirrer, and a reflux condenser connected to a calcium
chloride drying tube. Absolute ethanol (625 ml.) is placed in the
flask, the stirrer is started, and 23 g. (1 g.-atom) of freshly cut
sodium is added in portions. After the sodium has dissolved,
76.1 g. (1 mole) of thiourea is added to the warm, stirred solution
in one portion. When the bulk of the thiourea has dissolved,
169 g. (1 mole) of liquefied ethyl ethoxymethylenecyanoacetate is
added from the dropping funnel to the stirred mixture over a
period of 2 hours (Note 1). This rate of addition keeps the reac-
tion mixture warm. The solution is then stirred and gently re-
fluxed for 6 hours. The sodium salt of the carbethoxypyrimidine
may precipitate during the course of the reaction.

The reaction mixture is cooled to 50-60°, and 1.75 1. of water is
added, followed by 65 ml. of acetic acid to make the mixture dis-
tinctly acidic. The resulting suspension is stirred and boiled for
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5 minutes in order to effect complete decomposition of the sodium
salt.

The mixture is cooled to 25°, and the crystalline 2-mercapto-4-
amino-5-carbethoxypyrimidine is collected on a 10-cm. Biichner
funnel and washed successively with five 50-ml. portions of water,
50 ml. of acetone, and 50 ml. of ether (Note 2). The carbethoxy-
pyrimidine weighs 152-159 g. (76-80%,) and melts with decom-
position at 259-260° (Note 3) after being dried for 5 hours at 110°
and atmospheric pressure. It is in the form of a cream-colored
powder that is sufficiently pure for synthetic purposes. Pure
carbethoxypyrimidine can be obtained by recrystallizing the
crude product once from 509, acetic acid, using 170 ml. per gram
of pyrimidine.

B. 2-Mercapio-4-hydroxy-5-cyanopyrimidine. The aqueous
filtrate from which the crude 2-mercapto-4-amino-5-carbethoxy-
pyrimidine separated is cooled overnight at 0°; and the cyano-
pyrimidine that precipitates is collected on a suction filter. The
crude product is recrystallized from about 200 ml. of 109, acetic
acid with 1 g. of decolorizing charcoal added. Two additional
recrystallizations done similarly give the pure cyanopyrimidine
as faintly yellow crystals, m.p. 265-272° (dec.) (Note 3). The
yield is 10-18 g. (7-129). ’

2. Notes

1. Ethyl ethoxymethylenecyanoacetate can be prepared in the
laboratory from ethyl cyanoacetate and ethyl orthoformate ac-
cording to the directions of de Bellemont.2 The submitters and
checkers used a commercial product, m.p. 45-50°, obtained from
Kay-Fries, Inc., New York. The liquefied product is weighed
and poured into the dropping funnel. An infrared heating lamp
is used to keep it liquid during the addition.

2. For complete removal of a yellow impurity, the product
should be stirred well with each portion of water before filtration.
If the solid is not washed with organic solvents, drying of the
caked product will be slow.

3. The decomposition point is greatly dependent on the rate of
heating.  The checkers found that the carbethoxypyrimidine
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heated on a Fisher-Johns melting-point block at a rate of 4° per
minute decomposed at 280-285°. Under the same conditions,
the cyanopyrimidine decomposed at 285-289°. Both products
started to darken around 260°. In the infrared, the carbethoxy-
pyrimidine has a strong band at 5.88 u and no absorption in the
4.4 u range, whereas the cyanopyrimidine has a strong band at
4.48 p and no absorption at 5.88 u.

3. Methods of Preparation

The described procedure is based on the methods of Johnson
and Ambler * and Anderson et al.,* as modified by Ulbricht and
Price.5 This procedure is illustrative of a general method of pre-
paring pyrimidines, wherein one condenses thiourea, guanidine,
or an amidine with alkoxymethylenemalonic esters, alkoxy-
methylenecyanoacetic esters, or alkoxymethylenemalononitrile.
Kenner and Todd recently reviewed the synthesis of pyrimidines.s

2-Mercapto-4-amino-5-carbethoxypyrimidine has been con-
verted to 2-methylmercapto-4-amino-5-hydroxymethylpyrimi-
dine,’ an antimetabolite possessing antitumor activity,” by
methylation of the mercapto group followed by reduction of the
ester group to a hydroxymethyl group with lithium aluminum
hydride.5

t Department of Chemistry, University of Pennsylvania, Philadelphia 4, Pennsyl-
vania, supported in part by U.S.P.H.S. Grant No. CY-2189,

2 de Bellemont, Bull. soc. chim. France, [3] 25, 18 (1901).

3 Johnson and Ambler, J. Am. Chem. Soc., 83, 978 (1911).

4 Anderson, Halverstadt, Miller, and Roblin, J. Am. Chem. Soc., 67, 2197 (1945).

& Ulbricht and Price, J. Org. Chem., 21, 567 (1956).

¢ Kenner and Todd, ‘‘Pyrimidine and Its Derivatives” in Elderfield, Heterocyclic

Compounds, Vol. 6, pp. 234-323, John Wiley & Sons, New York, 1957.
7 Okuda and Price, J. Org. Chem., 23, 1738 (1958).
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METHYL CYCLOPENTANECARBOXYLATE
(Cyclopentanecarboxylic acid, methyl ester)

(ﬁ 1 CO.CHj

/
O + CHyONa — H\ + NaCl

Submitted by D. W. GoHEEN and W. R. VAuGHAN.!
Checked by N. J. LeoNarp, M. J. Konz, W. H. PiTTMAN, and
K. L. RINEHART, JR.

1. Procedure

A dry 1-1. three-necked, round-bottomed flask is equipped with
an efficient stirrer (Note 1), a spiral reflux condenser, and a drop-
ping funnel, and all openings are protected by calcium chloride
drying tubes. A suspension of 58 g. (1.07 moles) of sodium
methoxide (Notes 2 and 3) in 330 ml. of anhydrous ether (Note 4)
is added, and stirring is begun. To the stirred suspension is added
dropwise a solution of 133 g. (1 mole) of 2-chlorocyclohexanone 2
(Notes 5 and 6) diluted with 30 ml. of dry ether. The exothermic
reaction is regulated by the rate of addition of the chloroketone;
about 40 minutes is required for the addition. After the addition
of the chloroketone is complete, the mixture is stirred and heated
under reflux for 2 hours (Note 7) and is then cooled. Water is
added until the salts are dissolved (Note 8). The ether layer is
separated, and the aqueous layer is saturated with sodium chlo-
ride. After extraction of the aqueous layer with two 50-ml. por-
tions of ether, the ethereal solutions are combined and washed
successively with 100-ml. portions of 59, hydrochloric acid, 5%
aqueous sodium bicarbonate solution, and saturated sodium chlo-
ride solution. The ether solution is dried over magnesium sulfate,
and the magnesium sulfate is removed by filtration and washed
with cther. Removal of the ether by distillation at atmospheric
pressure leaves the crude ester, which is distilled, with fractiona-
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tion (Note 9), at 70-73°/48 mm., n3; 1.4341. The yield of methyl
cyclopentanecarboxylate is 72-78 g. (56-619,) (Note 10).

2. Notes

1. A mercury seal and a Hershberg stirrer made from tantalum
wire are suitable.

2. Commercial (Matheson Co., Inc.) sodium methoxide is most

convenient. The reaction can be run using sodium methoxide

prepared from sodium and methanol, but this procedure is more

tedious since it requires the removal of a considerable amount of

methanol.

3. A slight excess of sodium methoxide should always be used.
When an equivalent amount is employed, slightly lower yields are
obtained.

4. Commercial anhydrous analytical reagent ether, from sealed
cans, was employed by the checkers without further drying.

5. The 2-chlorocyclohexanone ? employed by the checkers had
b.p. 98-99°/14.5 mm., n% 1.4826. Purity is critical in determin-
ing the yield of methyl cyclopentanecarboxylate.

6. Chlorocyclohexanone is added to the sodium methoxide,
since the reverse mode of addition results in lower yields through
increased formation of high-boiling condensation products.

7. The submitters report that equivalent yields are obtained
when the mixture is allowed to stand overnight after the addition
of the chloroketone is complete.

8. The checkers found that approximately 175 ml. of water is
required.

9. The checkers employed a Podbielniak column, 0.8 x 125 cm.,
with tantalum wire spiral and partial reflux head.?

10. The residue of higher-boiling material arises from the con-
densation of both the starting material and the product under the
influence of sodium methoxide.

3. Methods of Preparation

Methyl cyclopentanecarboxylate has been prepared by the
Favorskil rearrangement of 2-chlorocyclohexanone with sodium
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methoxide.* Other alkyl esters of cyclopentanecarboxylic acid

have been prepared by employing the corresponding alkoxides
with 2-chlorocyclohexanone.+¢ The Favorskii reaction has been
reviewed elsewhere.”

The methyl ester has also been obtained by esterification of
cyclopentanecarboxylic acid.®# The acid, in turn, has been pre-
pared by the Favorskii rearrangement,s? %1 by the reaction of
cyclopentyl Grignard reagent with carbon dioxide,? by the
carbonylation of cyclopentyl alcohol with nickel carbonyl ® or
with formic acid in the presence of sulfuric acid,* and by the hy-
drogenation of cyclopentene-1-carboxylic acid prepared from
ethyl cyclopentanone-2-carboxylate 5 or from cyclopentanone
cyanohydrin.t6
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METHYLENECYCLOHEXANE
(Cyclohexane, methylene-)

AND N,N-DIMETHYLHYDROXYLAMINE
HYDROCHLORIDE

(Hydroxylamine, N,N-dimethyl-, hydrochloride)

2]
CH,—N(CHj), CH,;—N(CHas):

/ H,0, / |
@ O

D
CHQ_N (CH3)2 CHZ

/ I Heat /
O 0e Heat, O + (CH,),NOH

(CH,),NOH + HCl —— (CH,),NOH-HCI

Submitted by ARTHUR C. CoPE and ENGELBERT CIGANEK.!
Checked by WriLLram E. ParEaM and RoBERT KoNcos.

1. Procedure

In a carefully cleaned 500-ml. Erlenmeyer flask, covered with
a watch glass, are placed 49.4 g. (0.35 mole) of N,N-dimethyl-
cyclohexylmethylamine (Note 1), 39.5 g. (0.35 mole) of 309,
hydrogen peroxide, and 45 ml. of methanol. The homogeneous
solution is allowed to stand at room temperature for 36 hours.
After 2 and 5 hours hydrogen peroxide (39.5-g. portions each
time) is added (Notes 2, 3). The excess hydrogen peroxide is
destroyed by stirring the mixture with a small amount of platinum
black (Note 4) until the evolution of oxygen ceases. The solution
is filtered into a 500-ml. round-bottomed flask and concentrated
at a bath temperature of 50-60° (Note 5), a water aspirator being
used initially and an oil pump finally, until the amine oxide hy-
drate solidifies. A Teflon-covered stirring bar is introduced into
the flask, which is then connected by a 20-cm. column to a trap

METHYLENECYCLOHEXANE 41

(reversed to avoid plugging) cooled in Dry Ice-acetone. The flask
is heated in an oil bath to 90-100°, and the apparatus is evacuated
to a pressure of ca. 10 mm. with stirring of the liquefied amine
oxide hydrate. When the content of the flask resolidifies, the
temperature of the oil bath is raised to 160°. The amine oxide
decomposes completely within about 2 hours at this temperature.
Water (100 ml.) is added to the contents of the trap. The olefin
layer is removed with a pipette and washed with two 5-ml. por-
tions of water, two 5-ml. portions of ice-cold 109, hydrochloric
acid (Notes 6, 7), and one 5-ml. portion of 5%, sodium bicarbonate
solution. The olefin is cooled in a dry ice-acetone bath and
filtered through glass wool (Note 8). Distillation over a small
piece of sodium through a semimicro column 2 yields 26.6-29.6 g.
(79-889,) of methylenecyclohexane, b.p. 100-102° (Note 9), #%
1.4474 (Note 10).

The aqueous layer is combined with the two neutral aqueous
extracts and acidified by addition of 45 ml. of concentrated hydro-
chloric acid. The solution is concentrated under reduced pressure
at 60-70° until no more distillate comes over. The residue, which
solidifies on cooling, is dried in a vacuum desiccator over po-
tassium hydroxide pellets to yield 30.7-32.7 g. (90-96%,) of
crude N,N-dimethylhydroxylamine hydrochloride, m.p. 103-106°
(sealed tube). Crystallization from 40 ml. of isopropyl alcohol
gives 26.6-30.7 g. (78-909,) of the pure hydrochloride, m.p.
106-108° (sealed tube).

2. Notes

1. The preparation of N,N-dimethylcyclohexylmethylamine is
described in Org. Syntheses, 39, 19 (1959).

2. Many amines are oxidized much more rapidly than the one
used in this preparation, and it is often necessary to cool such
reaction mixtures in order to avoid decomposition of the amine
oxide or a vigorous exothermic reaction.

3. The completion of the oxidation should be tested by adding 1
drop of an alcoholic phenolphthalein solution and 3 drops of water
to 1 drop of the oxidation mixture on a porcelain spot plate.
Amince oxides give no color with phenolphthalein.
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4. Prepared by the procedure of Feulgen, Ber., 54, 360 (1921),
and added as an aqueous suspension.

5. Some amine oxides decompose at slightly elevated tempera-
tures. In these cases, removal of the solvents should be carried
out at room temperature. It is convenient to use a rotary evapo-
rator for removal of the solvents.

6. Methylenecyclohexane does not rearrange to 1-methylcy-
clohexene under these conditions. In preparations of those olefins
which are more sensitive to acid, washing with acid should be
omitted.

7. By making the acid extracts strongly alkaline, extracting
the basic material with ether, and distilling the ether extracts,
1.0-2.5 g. (2-5%,) of N,N-dimethylcyclohexylmethylamine con-
taining a small amount of a higher-boiling basic compound of
unknown structure may be recovered.

8. The material obtained in this manner is of high purity before
distillation; it has the same refractive index as the distilled
methylenecyclohexane, and no impurities could be detected by
gas chromatographic analysis on two different columns.

9. Most of the material boils at 101-102°; the small fore-run
has the same refractive index as the main fraction.

10. 1-Methylcyclohexene is completely absent, as shown by
gas chromatography on a column packed with 309, by weight of
a 529, solution of silver nitrate in tetraethylene glycol (Dow
Chemical Company) on 48-100 mesh “firebrick” at 60°. It is
estimated that the presence of less than 0.019, of this isomer
could have been detected.

3. Methods of Preparation

The present preparation of methylenecyclohexane is an ex-
ample of an amine oxide pyrolysis. This route from amines to
olefins in many cases yields pure olefins where the alternative
method, the Hofmann exhaustive methylation reaction, is ac-
companied by some rearrangement to more stable isomeric ole-
fins.

Methylenecyclohexane has been prepared by treatment of
cyclohexylmethyl iodide with alcoholic potassium  hydroxide
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solution,? by thermal decarboxylation of cyclohexylideneacetic
acid and of cyclohexane-1-acetic acid, 4% and of cyclohexane-1,1-
diacetic acid;? by pyrolysis of the xanthate,? the acetate,*'? and
the stearate!® of cyclohexanemethanol; by the action of triphenyl-
phosphine-methylene on cyclohexanone, and by the pyrolysis of
N,N-dimethylcyclohexylmethylamine methohydroxide %6 and of
N,N-dimethylcyclohexylmethylamine N-oxide.! 16

N,N-Dimethylhydroxylamine has been prepared by the action
of methylmagnesium iodide on ethyl nitrate.l”
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9-METHYLFLUORENE
(Fluorene, 9-methyl-)

O . OO
—
CH;3;0Na
AN
o CH CH, H

Submitted by Kurr L. Sciorn and E. I. BECKER.!
Checked by Wiiam S, Jonnson and V. B, HAARSTAD.
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1. Procedure

An 850-ml. steel bomb is charged with a solution of 23 g. (1.0 g.-
atom) of sodium in 450 ml. of absolute methanol and 113 g. (0.68
mole) of fluorene (Note 1). The vessel is then closed, heated to
220° (Note 2), and rocked for 16 hours (Note 3). The reaction
vessel is allowed to cool, and the contents are transferred to a 2-1.
beaker with the aid of small volumes of benzene and then water to
complete the transfer. The reaction mixture is diluted with an
equal volume of water, neutralized with concentrated hydro-
chloric acid, and extracted with three 150-ml. portions of benzene.
The combined benzene extracts are washed with three 200-ml.
portions of water, and the solvent is removed by distillation at
atmospheric pressure. The residue is recrystallized from methanol
(1 1. per 100 g. of solute) to give 96106 g. (78-86%, yield) (Note 4)
of colorless 9-methylfluorene, m.p. 44-45° (Note 5).

2. Notes

1. A commercial grade of fluorene was purified by crystalliza-
tion from methanol until the m.p. was 113-114°.

2. In the checkers’ experience the temperature must not be
below 220° or a diminution in yield will result.

3. Without rocking, the crude product is colored and the yield
is slightly lower.

4. This is a total yield of material obtained in 2-3 crops. In a
typical run the first crop amounted to 90 g., m.p. 44-45°, and
the second, obtained on concentrating and cooling the mother
liquor, amounted to 16 g., m.p. 44-45°.

The crude product may alternatively be purified by rapid
distillation at reduced pressure to give 114-116 g., b.p. 95-
100°/1 mm. Redistillation affords 102-105 g. (81-849, yield),
b.p. 96-98°/0.6 mm., of colorless 9-methylfluorene which solidi-
fies.

5. The submitters state that the procedure is general and has
been carried out with normal alcohols from C; to C;. In an
analogous procedure 10 g. of fluorene was treated with 40 ml. of
alcohol and 2.3 g. of sodium (in a Carius tube) to give 52-84,
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of redistilled 9-alkylfluorene. 9-n-Octadecylfluorene was pre-
pared from 13.3 g. of fluorene, 16.2 g. of n-octadecyl alcohol, and
2 g. of sodium. In this case the reaction was carried out in a
flask (equipped with a condenser) that was heated in an oil bath
for 16 hours at 210°. The solid product was purified by crystal-
lization.

Yield,

Product B.P./1 mm. w2 a» %
9-Ethylfluorene 123-124° 1.6180 1.0508 84
9-n-Propylfluorene 126-128° 1.6050 1.0326 72
9-n-Butylfluorene 140° 1.5956 1.0197 78
9-n-Pentylfluorene 144-146° 1.5929 1.0153 66
9-n-Hexylfluorene 156-158° 1.5757 0.9900 68
9-n-Heptylfluorene 163-165° 1.5717 0.9827 58
9-n-Octadecylfluorene 65-66.4° (m.p.) — — 92

3. Methods of Preparation

Generally, fluorene has been alkylated in the 9-position by
reaction of 9-acyl- or ester-substituted fluorenes with sodium
alkoxide and an alkyl halide followed by removal of the activating
group, by treating a 9-fluorenyl organometallic compound with
an alkyl halide, by reduction of a 9-fluorenylidene derivative, by
hydrogenolysis of a 9-alkyl-9-hydroxyfluorene, by hydrogenolysis
of a 9-halogen-9-alkylfluorene, and by cyclization of a diphenyl-
alkyl carbinol with phosphorus pentoxide.? The present pro-
cedure is based on the method of Shoen and Becker.?

9-Methylfluorene has been prepared by cleavage of ethyl
9-methyl-9-fluorenylglyoxylate,* by the decarboxylation of 9-
methylfluorene-9-carboxylic acid,* by the decarboxylation of
9-fluorenylacetic acid,5 by the cleavage of 9-methyl-9-acetyl-
fluorene with alcoholic potassium hydroxide or soda-lime,® by
‘the reduction of 9-methyl-9-fluorenol with hydriodic acid in
acetic acid,” by the reaction of 9-fluorenyllithium ¢ or -sodium °
with methyl iodide or methyl sulfate,® by the cyclization of
diphenylmethyl carbinol over platinum-on-carbon at 300°,° by
the reaction of ethyl 9-methoxymethyl-9-fluorenylcarboxylate,"
by the diazotization and heating of 2-cthyl-2-aminobiphenyl,*
by the dehydration and then reduction of 9-methyl-9-fluorenol,
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by the thermal decomposition of tetramethylammonium 9-fluo-
renide," and by recovery from coal tar.1s

! Polytechnic Institute of Brooklyn, Brooklyn, New York.
? Josephy and Radt, Elsevier’s Encyclopedia of Organic Chemistry, Vol. 13, Series
III, pp. 29 fi., Elsevier Publishing Company, Inc., New York, 1946.

3 Shoen and Becker, J. Am. Chem. Soc., 77, 6030 (1955).

* Wislicenus and Mocker, Ber., 46, 2772 (1913).

5 Mayer, Ber., 46, 2579 (1913).

6 Meerwein, Ann., 396, 242 (1913).

" Wanscheidt and Moldavski, Ber., 64, 917 (1931).

8 Blum-Bergmann, Ann., 484, 26 (1930).

® Greenhow, White, and McNeil, J. Chem. Soc., 1951, 2848.

10 Zelinsky and Gawerdowskaja, Ber., 61, 1049 (1928).

11 Pinck and Hilbert, J. Am. Chem. Soc., 69, 723 (1947).

12 Mascarelli and Longo, Gazz. chim. ital., 71, 397 (1941).
18 Badger, J. Ckem. Soc., 1941, 535.
14 Wittig, Heintzeler, and Wetterling, Ann., 557, 201 (1947).

5T, G. Farbenind, A.-G. (Pier and Schoenemann), Ger. pat. 659,878 (May 12,
1938) [C.4., 82, 6844 (1938)].

3-METHYL-2-FUROIC ACID
(2-Furoic acid, 3-methyl-)

AND 3-METHYLFURAN
(Furan, 3-methyl-)

CHj L H,0 @ NaoH ——CHj
L J—coch Y @ma t J—COzH + CHsOH
¢}
T—|*CH3 Cu powder CH3
L Lcom = L1 " 4o
¢} @)

Submitted by D. M. BURNESS.!
Checked by James CasoN and RoBErT B. HUTCHISON.

1. Procedure

A. 3-Methyl-2-furoic acid. A mixture of 35 g. (0.25 mole) of
methyl 3-methyl-2-furoate 2 and 80 ml. of aqueous 209, sodium
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hydroxide is heated under reflux for 2 hours. The solution is
cooled, acidified with about 50 ml. of concentrated hydrochloric
acid (sp. gr. 1.18), stirred vigorously for a few minutes to ensure
freeing of the acid from its salt, then cooled to room temperature
before the product is collected by suction filtration. The product
is washed with about 25 ml. of water used in two portions, drained
well on the funnel, then dried. The yield of essentially pure
3-methyl-2-furoic acid is 28.5-29.5 g. (90-93%), m.p. 134-135°
(Note 1).

B. 3-Methylfuran. A mixture of 25 g. of 3-methyl-2-furoic
acid, 50 g. of quinoline (Note 2), and 4.5 g. of copper powder is
placed in a 125-ml. round-bottomed flask attached by a ground
joint to a 30-cm. simple Vigreux column which delivers to a water-
cooled condenser. The condenser is connected to a small distilling
flask which serves as a receiver, with the tip of the condenser ex-
tending to the edge of the bulb of the flask. The receiver is
cooled in an ice-salt bath (Note 3). The round-bottomed flask is
heated by means of an electric mantle or liquid bath.

When the quinoline is heated to boiling by raising the bath
temperature to about 250°, carbon dioxide is evolved at a moder-
ate rate; the reaction is usually completed in 2-3 hours. Near
the end of the reaction, heat is increased to about 265°, and the
last distillate is collected until the temperature at the top of the
column begins to rise rapidly above 65°. The contents of the
receiver are decanted from any ice present and dried over about
1.5 g. of anhydrous magnesium sulfate, followed by Drierite, in a
tightly closed flask. Redistillation yields 13.5-14.5 g. (82-838%)
of colorless 3-methylfuran, b.p. 65.5-66°, nf 1.4295-1.4315
(Notes 4 and 5).

2. Notes

1. In a run thirty times the size described, the submitters ob-
tained a yield of 859%,.

2. The quinoline should be dried by distillation from anhydrous
barium oxide.

3. For larger runs, the side arm of the distilling flask should be
attached to a cold trap immersed in an ice-salt bath, for about
10%, of the product is likely to pass through the first receiver.
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4. The product turns yellow on standing, even overnight. It
can be stabilized with 0.19, hydroquinone or similar material.?

5. The submitter obtained similar results in runs about
twenty times the size described. Over-all yields for the four
steps starting with 4,4-dimethoxy-2-butanone ? were consistently
in the range 50-559,.

3. Methods of Preparation

3-Methyl-2-furoic acid has been prepared by the oxidation of
3-methyl-2-furaldehyde ¢ and by the degradation of 3-methyl-
2-isovalerylfuran (Elsholtzia ketone).? 3-Methylfuran has been
prepared by the present method ¢ and more recently by a three-
step method starting with methallyl chloride and ethyl ortho-
formate.” Circuitous routes from citric acid ® and malic acid ®
have also been used.

1 Eastman Kodak Co., Rochester, New York.

2 Burness, Org. Syntheses, 39, 49 (1959).

3 Cass, U. S. pat. 2,489,265 (1949, to du Pont) [C.4., 44, 1543 (1950)].

4 Reichstein, Zschokke and Goerg, Helv. Chim. Acta, 14, 1277 (1931).

5 Asahina and Murayama, Arck. Pharm., 252, 442 (1914); Asahina, Acta phyto-
chim. (Japan), 2, 12 (1924) [Chem. Zentr., 1924, II, 1694].

8 Burness, J. Org. Chem., 21, 102 (1956).

7 Cornforth, J. Chem. Soc., 1958, 1310.

8 Rinkes, Rec. trav. chim., 50, 1127 (1931); Reichstein and Zschokke, Helv. Chim.
Acta, 14, 1270 (1931).

¢ Gilman and Burtner, J. Am. Chem. Soc., 55, 2903 (1933).
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METHYL 3-METHYL-2-FUROATE
(2-Furoic acid, 3-methyl-, methyl ester)

(CH;0);CHCH,COCHj + CICH;CO,CH, ———
T
(CH50),CHCH,C CHCO,CH3 + NaCl
0

1
(CH30),CHCH,;C———CHCO,CHz ——»
o)

L J CH: 4 scH,0H
_C0o,CH,
9)

Submitted by D. M. BurNEss.!
Checked by James CasoN and RoBERT B. HuTcHISON.

1. Procedure

A. Methyl 5,5-dimethoxy-3-methyl-2,3-epoxypentanoate. A 2-1.
three-necked flask is equipped with a sealed centrifugal stirrer
(Note 1), a thermometer inserted through an adapter with a
side arm connected to a source of dry nitrogen, and a 250-ml.
Erlenmeyer addition flask.? The apparatus is dried with a free
flame in a slow stream of nitrogen; from this point the reaction
is conducted in an atmosphere of nitrogen (Note 2).

" A mixture of 132 g. (1.0 mole) of 4,4-dimethoxy-2-butanone
(Note 3), 174 g. (1.6 moles) of methyl chloroacetate (Note 3), and
800 ml. of dry ether is placed in the reaction flask, then 86 g.
(1.6 moles) of sodium methoxide (Note 4) is placed in the addi-
tion flask. The solution is cooled in an ice-salt bath to —10°,
then the sodium methoxide is added gradually at a rate such that
a temperature below —59 can be maintained (about 2 hours).
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The mixture is stirred for an additional 2 hours (Note 5) and then
allowed to come to room temperature overnight. It is cooled
again to 0° and made slightly acidic by the addition of a solution
of 10 ml. of glacial acetic acid in 150 ml. of water. The ether is
decanted, and the residual slurry is extracted with three 100-ml.
portions of ether. The combined ether solutions are washed in a
separatory funnel with 50 ml. of saturated sodium chloride solu-
tion to which is added 1-g. portions of sodium bicarbonate until
the washings are no longer acidic. After each bicarbonate addi-
tion, the mixture is shaken for atleast 1 minute before a test for
acidity is made. Finally, the ether phase is washed with satu-
rated sodium chloride solution, then dried over 20-25 g. of an-
hydrous magnesium sulfate. Distillation of the solvent leaves a
nearly quantitative yield of crude glycidic ester (Note 6).

B. Methyl 3-methyl-2-furoate. The crude glycidic ester pre-
pared as described above is placed in a 300-ml. flask which is
attached to a 12-cm. column filled with 3{g-inch glass helices (or
a 50-cm. simple Vigreux column) and heated in a liquid bath.
When the pot temperature reaches about 160°, or before, methanol
begins to distil. Heating is continued until the distillation of
methanol essentially ceases and about the theoretical amount
(64 g.) has been collected. After the heating bath has been al-
lowed to cool, the product is distilled at reduced pressure; b.p.
72-78°/8 mm., yield 91-98 g. (65-709%,) (Note 7). The ester
solidifies in the receiver as an essentially pure compound, m.p.
34.5-36.5° (Note 8).

2. Notes

1. A stirring assembly which makes use of a lubricated ball-
joint seal 3 is convenient. The checkers used a Hershberg stirrer
rather than a centrifugal stirrer.

2. Maintenance of a low positive pressure of nitrogen on the
system is accomplished by insertion of a T-tube in the nitrogen
line for attachment of a U-tube whose bend is just closed with
mineral oil.

3. The 4,4-dimethoxy-2-butanone* may be¢ obtained from
Aldrich Chemical Co., Milwaukee, Wisconsin, under the name of
3-ketobutyraldchyde dimethyl acetal.  This and the methyl
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chloroacetate are preferably dried over Drierite and distilled
before use. The pure acetal has b.p. 55-56°/8 mm., n% 1.4119.
The presence of 4-methoxy-3-buten-2-one, which raises the index
of refraction, can be tolerated as an impurity, for it leads to the
same reaction product.® Commercial methyl chloroacetate
usually contains considerable low-boiling material which is best
separated by distillation through a 50-cm. simple Vigreux
column. The chloroacetate is collected at 131-132°.

4. The submitter reports that the commercial 959, “Sodium
Methylate” from Mathieson Chemical Corp. is satisfactory,
provided that either fresh material or material which has been
opened previously only under dry nitrogen is used. The checkers
experienced such erratic results with commercial sodium meth-
oxide (even previously unopened bottles) that freshly prepared
material was used. For this purpose, 37 g. of clean sodium, cut in
1- to 3-g. pieces, was added portionwise to 800 ml. of stirred an-
hydrous methanol contained in a 2-1. three-necked flask equipped
with a condenser. After the sodium had dissolved, the methanol
was removed by distillation at reduced pressure, and the residual
white sodium methoxide was dried by heating at 150° under
aspirator vacuum.

5. The stream of nitrogen may be discontinued at this point
if the outlet tube from the flask is closed with a Drierite tube.

6. The submitter reports that the residual glycidic ester was
distilled through a 15-cm. Vigreux column to yield 185-195 g. of
crude product, b.p. 113-122°/8 mm. Redistillation through a
25-cm. column packed with 3{g-inch glass helices was reported to
give 157-164 g. (77-80%) of product; b.p. 93°/0.7 mm. to
89°/1 mm.; #i} 1.4405-1.4419. The drop in boiling point was
attributed to decomposition during distillation to yield methanol
and methyl 3-methyl-2-furoate. The checkers found that in
most runs the product obtained from the first distillation con-
sisted largely of the furoate.

The submitter has prepared methyl 5,5-dimethoxy-3-phenyl-
2,3-epoxypentanoate by essentially the same procedure as here
described.

7. In a run 15 times this size, a 719, yicld was obtained by the
submitter.
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8. Recrystallization from ethanol raises the melting point to
36.5-37°.

3. Methods of Preparation

Methyl! 5,5-dimethoxy-3-methyl-2,3-epoxypentanoate has been
prepared only by the procedure described or in like manner from
4-methoxy-3-buten-2-one.5

Methyl 3-methyl-2-furoate has been prepared previously, pre-
sumably from the acid.

1 Eastman Kodak Co., Rochester, New York.

2 Leffler and Calkins, Org. Syntheses, Coll. Vol. 3, 550 (1955).

3 Organic Chemical Bulletin, 24, No. 3, Eastman Kodak Co., Rochester, N. Y.,
1952,

4 Burness, U. S. pat. 2,760,985 (August 28, 1956) [C.4., 51, 2854 (1957)].

5 Burness, J. Org. Chem., 21, 102 (1956).
8 Asahina, Acta phytockim. (Japan), 2, 12 (1924) [Chem. Zentr., 1924, II, 1694].

B-METHYL-B-PHENYL-a,o’-DICYANOGLUTARIMIDE
(Glutarimide, 2,4-dicyano-3-methyl-3-phenyl-)
CeH;5(CH;3)C=C(CN)CO,CyHj5
+ CH3(CN)CONH,; + NaOC,Hs —

C6H5 CH3
/
NC —CN
+ 2C,H;0H
7N\
O Na*t
CeHs  CHs CeHs  CH,
/ NS
NC—~ —CN NC—" N—CN + NaCl
/L_ N + HCl — / N
o §a+\o o N o

Submitted by S. M. McELvaIN and Davin H. CrLEmMENS.!
Checked by W. . Parnam, Perry W. KIRKLIN, JR.,
and Waviann 15, Norann,
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1. Procedure

In a 2-1. Erlenmeyer flask fitted with a reflux condenser and
arranged for magnetic stirring are placed 400 ml. of absolute
ethanol (Note 1) and 11.5 g. (0.5 g.-atom) of sodium added in
small portions. After the sodium has reacted (Note 2), the clear
solution is cooled to room temperature, and 42.0 g. (0.5 mole) of
finely powdered cyanoacetamide (Note 3) is added with stirring
over a period of 1 minute. Immediately thereafter 107.6 g.
(0.5 mole) of ethyl (1-phenylethylidene) cyanoacetate 2 is added.
After about 20 minutes, the mixture becomes homogeneous and
is allowed to stand at room temperature for 2 hours. Water
(650 ml.) is added, followed by 100 ml. of concentrated hydro-
chloric acid in 1 portion. The resulting suspension is stirred
thoroughly with a glass rod and placed in a refrigerator over-
night. The product is then filtered by suction. The filter cake is
sucked as dry as possible using a rubber dam, stirred to a paste
with a mixture of 150 ml. of water and 50 ml. of 959, ethanol, and
sucked dry. This process is repeated using 200 ml. of water, and
the product is dried to constant weight in an oven at 45°. The
yield is 114-116 g. (90-92%,) of the dicyanoglutarimide, m.p.
274-278° (dec.) (Note 4).

2. Notes

1. Commercially available absolute ethanol is used without
further drying.

2. The checkers report that the sodium ethoxide solution
should be used promptly in order to avoid the formation of colored
impurities.

3. Eastman Kodak white label grade is used after grinding in a
mortar.

4. Recrystallization from absolute ethanol gives glistening
plates melting at 286-287° (dec.).
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3. Methods of Preparation

B-Methyl-B-phenyl-a,a’-dicyanoglutarimide has been prepared
in low yield by the Guareschi condensation of acetophenone,
ethyl cyanoacetate, and ammonia.?

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

2 McElvain and Clemens, Org. Syntheses, 39, 25 (1959).

3 Phalnikar and Nargund, J. Univ. Bombay, 6, Pt. II, 102 (1937) [C.4., 82, 3763
(1938)].

B-METHYL-B-PHENYLGLUTARIC ACID
(Glutaric acid, 3-methyl-3-phenyl-)

CeHj CHj
4 H,0
NC —CN  mso,
CH3COOH
AN\
O H (0]

i
HO,CCH,;CCH,CO.H + 3NH,HSO,4 + 2CO,

CeHj;

Submitted by S. M. McELvain and Davip H. CLEMENs.!
Checked by W. E. ParraM, PErrY W. KIRKLIN, JR., and
WayrLanp E. NOLAND.

1. Procedure

In a 3-l. round-bottomed flask fitted with a small glass paddle
stirrer and a reflux condenser are placed 101 g. (0.4 mole) of
B-methyl-B-phenyl-a,a’-dicyanoglutarimide,? and a mixture of 500
ml. of water, 500 &. of concentrated sulfuric acid, and 400 ml. of
glacial acetic acid. Without starting the stirrer (Note 1), the
mixture is heated under reflux for 2 hours. Then the stirrer is
cautiously started, and reflux is continued for a total of 80 hours.
The reaction mixture is transferred to a 6-1. Erlenmeyer flask, 3 1.
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of water is added and the mixture cooled in a refrigerator over-
night. The precipitated acid is filtered by suction (Note 2),
washed with 100 ml. of water, and air-dried to constant weight.
The crude, dry product is swirled for 5 minutes with 200 ml. of
benzene, filtered by suction, washed with two 100-ml. portions of
benzene, and again air-dried. The yield of acid, m.p. 136-140°,
is 64.5-68 g. (72.5-76.5%,) (Notes 3 and 4).

2. Notes

1. Use of the stirrer during the first 2 hours of the hydrolysis
results in excessive foaming.

2. In some runs a small amount of dark tar adhered to the side
of the flask. This material was not isolated in the filtration.

3. The product is pure enough for most purposes, but it may be
further purified by recrystallization from water (100 ml. for 20 g.
of acid) to give material melting at 140~142° in 959, yield.

4. If the alkyl group of a g-alkyl-8-phenyl-a,a’-dicyanoglu-
tarimide is larger than the methyl group, the hydrolysis to the
corresponding glutaric acid should be modified as described by
McElvain and Clemens, J. Am. Chem. Soc., 80, 3915 (1958).

3. Methods of Preparation

B-Methyl-3-phenylglutaric acid has been prepared by the
hydrolysis of B-methyl-3-phenyl-a,a’-dicyanoglutarimide with
sulfuric acid, and also by acid hydrolysis of the condensation
product of 1,1-dichloroethylbenzene and ethyl sodiomalonate.?

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

2 McElvain and Clemens, Org. Syntheses, 89, 52 (1959).

3 Phalnikar and Nargund, J. Univ. Bombay, 6, Pt. 11, 102 (1937) [C.4., 32, 3763
(1938).
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1-PHENYL-1-PENTEN-4-YN-3-OL
(1-Penten-4-yn-3-ol, 1-phenyl-)

Tetrahy-
drofuran

HC=CH + C2H5MgBr HCECMgBI‘ 4 C2H6

HC=CMgBr + CeH;CH—=CHCHO —%
HC=CCHOHCH—CHC4H;

Submitted by Lars SkatTEBgL, E. R. H. JonEs, and MArk C. WHITING.!
Checked by MELVIN S. NEwMAN and RaymonD E. DEssY.

1. Procedure

A. Ethynylmagnesium bromide. A 500-ml. three-necked flask,
equipped with a sealed mechanical stirrer, a reflux condenser, and
a pressure-equalized dropping funnel, is arranged for carrying out
a reaction in an atmosphere of nitrogen by fitting into the top of
the condenser a T-tube attached to a low-pressure supply of
nitrogen and to a mercury bubbler. For later use there is also
prepared a dry 1-1. three-necked flask equipped with a sealed
mechanical stirrer, a gas inlet tube which will dip below the sur-
face of 200 ml. of liquid in the flask, a 500-ml. dropping funnel,
and a gas outlet protected by a calcium chloride drying tube.

The 500-ml. flask is dried by warming with a soft flame as a
slow stream of nitrogen is passed through the system. A solution
of ethylmagnesium bromide is prepared in this flask from 12 g.
(0.5 g.-atom) of magnesium turnings, 60 g. (0.55 mole) of ethyl
bromide (dried over calcium chloride), and 300 ml. of tetrahydro-
furan (Notes 1 and 2).

After the preparation of ethylmagnesium bromide is com-
pleted, the separatory funnel is replaced by a bent tube which
reaches the bottom of the flask and is bent at the outer end for
downward delivery (Note 3). The warm (40-50°) solution is
forced under nitrogen pressure (by carcfully pinching off the tube
to the mercury bubbler) into the 500-ml. separatory funnel which
has been prepared for attachment to the 1-1 flask.  After all the
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solution has passed into the separatory funnel, nitrogen flow is
allowed to continue briefly in order to displace the air above the
solution, then the funnel is stoppered loosely and attached to the
1-1. flask. Two hundred milliliters of purified tetrahydrofuran is
now placed in the flask, acetylene (Note 4) is introduced through
the gas-inlet tube at the rate of 15-20 1. per hour, and the stirrer
is started. After 5 minutes, about 5 ml. of the solution of ethyl-
magnesium bromide is added in 1 portion. Almost at once, there
appears a froth of ethane which is easily distinguishable from the
larger bubbles of acetylene. When the frothing subsides, portion-
wise addition of the ethylmagnesium bromide solution is con-
tinued until the total solution has been added. This requires
about 3 hours, and the temperature of the reaction rises 5-10°
above room temperature. The solution of ethynylmagnesium
bromide is homogeneous at 30° (Note 5).

B. 1-Phenyl-1-penten-4-yn-3-ol. 'The stirred solution of ethy-
nylmagnesium bromide is cooled in ice water as there is added
dropwise during about 45 minutes a solution of 47.5 g. (0.37 mole)
of freshly distilled cinnamaldehyde (Note 6) in 50 ml. of purified
tetrahydrofuran. After addition is complete, stirring is con-
tinued overnight as the solution is allowed to warm to roo
temperature. The brown homogeneous reaction mixture is added
carefully to 1.5 1. of cooled saturated ammonium chloride solution,
then the aqueous phase is extracted with three 250-ml. portions
of ether. The ether extracts are combined with the tetrahydro-
furan solution and dried over anhydrous magnesium sulfate.
After evaporation of the solvent, the product is distilled (Note 7)
at a pressure of about 0.1 mm., with the heating bath at about
90°. The distillate, which solidifies on cooling, is crystallized
from petroleum ether (b.p. 40-60°) to yield 33-39 g. (55-65%)
of the unsaturated alcohol of m.p. 67-68° (Note 8).

2. Notes

1. If less solvent is used, the ethylmagnesium bromide may
crystallize on cooling.

2. If cther is substituted for tetrahydrofuran i this prepara-
tion, the acetylenic glycol is the sole product. The submitters
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purified the tetrahydrofuran by shaking with potassium hy-
droxide pellets, heating under reflux with sodium metal, and
finally distilling. They report that heating under reflux with
sodium diphenylketyl gives a better sample of tetrahydrofuran,
but that this does not improve the yield.

The checkers purified the solvent by shaking with potassium
hydroxide, distilling from lithium aluminum hydride, then storing
over sodium wire.

3. It is advisable to prepare the delivery tube prior to its need.

4. The submitters purified the acetylene by passing it through
a trap cooled to —80°, then through concentrated sulfuric acid,
and finally through soda-lime. The checkers purified the acety-
lene by passing it first through a tower of 10-mesh alumina, then
through concentrated sulfuric acid.

5. No outside cooling is employed during the preparation of
ethynylmagnesium bromide. If this solution of ethynylmag-
nesium bromide is cooled to 0° a crystalline complex separates.
If part of the solvent is evaporated, even at 40° under reduced
pressure, there occurs disproportionation to acetylene and the

- bisbromomagnesium derivative.

6. Methyl ethyl ketone, crotonaldehyde, and acrolein react
similarly with ethynylmagnesium bromide. The respective yields
of acetylenic alcohols are 699, 849%,, and 407%,.

7. The submitters used a still of the evaporative type, such as
a Hickman still. The checkers used a similar still modified to
include a magnetic stirring bar. This modification greatly de-
creases the time required for removal of the last traces of solvent,
minimizes the danger of bumping just before evaporative distil-
lation occurs, and increases the rate of distillation of the product.

8. The checkers report yields as high as 849, and believe that
the use of magnetic stirring in the Hickman still is responsible for
the higher yield.

»

3. Methods of Preparation

The preparation of ethynylmagnesium bromide in ether has

been described; 23 however, the subsequent history of the com- .

pound has been controversial. The submitters have been unable
to prepare ethynyl carbinols by the carlier procedures.
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1-Phenyl-1-penten-4-yn-3-ol has been prepared in liquid am-
monia from cinnamaldehyde and sodium acetylide in 29, yield,*
and from the sodium bisulfite compound of cinnamaldehyde and
sodium acetylide in 13.59%, yield.5s The present procedure is
based on a recent publication.é

1 The Dyson Perrins Laboratory, Oxford, England.

2 Salkind and Rosenfeld, Ber., 57, 1690 (1924).

3 Grignard, Lapayre, and Tcheou, Compt. rend., 187, 517 (1928).

4 Jones and McCombie, J. Chem. Soc., 1942, 733.

5 Cymerman and Wilks, J. Chem. Soc., 1950, 1208.
¢ Jones, Skattebgl, and Whiting, J. Chem. Soc., 1956, 4765.

PHENYLPROPARGYL ALDEHYDE DIETHYL ACETAL
(Propiolaldehyde, phenyl-, diethyl acetal)

CoH;C=CH + HC(0C;Hs); —>
C6H5CEC_CH(002H5)2 + C2H5OH

Submitted by B. W. Howk and J. C. SAUER.!
Checked by N. J. LEoNARD and S. W. BLuM.

1. Procedure

Into a 300-ml. three-necked flask equipped with a nitrogen
inlet, a thermometer, and a short fractionating column (Note 1)
are charged 74.1 g. (0.50 mole) of triethyl orthoformate, 51.0 g.
(0.50 mole) of phenylacetylene (Note 2), and 3.0 g. of zinc iodide
(Note 3). Ethanol is slowly distilled from the reaction mixture,
which must be heated to about 135° before refluxing in the still-
head begins. A total of 29-35 ml. of distillate, b.p. 65-88°
(mostly 78°), is collected over a period of about 1 hour as the
temperature of the reaction mixture gradually rises to 200° to
210° (Note 4). The reaction mixture is cooled to room tempera-
ture and filtered with suction. The flask and the small amount
of precipitate on the filter paper are washed with 5 ml. of ether.
The filtrate and ether washings are combined and distilled.  After
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a small fore-run, phenylpropargyl aldehyde diethyl acetal is col-
lected at 99-100°/2 mm. The yield is 73-80 g. (72-789%,), n%
1.5153-1.5158. The synthesis is applicable to the preparation
of other propargyl aldehyde acetals (Note 5).

2. Notes

1. The checkers found a 12-inch Vigreux column satisfac-
tory.

2. The checkers purchased pure phenylacetylene from Gesell-
schaft fiir Teerverwertung mbH., Duisburg-Meiderich, Germany.

3. The submitters report that zinc nitrate appears to be equiva-
lent to zinc iodide as a catalyst and that zinc chloride (commercial
anhydrous grade) is satisfactory but requires 2-3 hours of heat-
ing and gives 64-709, yield.

4. Yields are lower under forcing conditions of prolonged
heating.

5. The method has been applied by the submitters? to the
preparation of cyclohexylmethylpropiolaldehyde diethyl acetal
(54%, yield) from cyclohexylmethylacetylene and triethyl ortho-
formate; of phenylethynyl #-butyl dimethyl ketal (409, yield)
from phenylacetylene and trimethyl #-orthovalerate; and of
phenylethynyl methyl diethyl ketal (349, yield) from phenyl-
acetylene and triethyl orthoacetate. n-Butylpropiolaldehyde
diethyl acetal was isolated in 329, yield by heating an equimolar
mixture of 1-hexyne and triethyl orthoformate containing cataly-
tic amounts of a zinc chloride-zinc iodide catalyst under autog-
enous pressure at 190° for 3 hours.

3. Methods of Preparation

The described method of preparing phenylpropargyl aldehyde
diethyl acetal is that of Howk and Sauer.? The method for syn-
thesizing phenylpropargyl aldehyde diethyl acetal previously
published in Organic Syntheses?® involves three steps beginning
with cinnamaldehyde; over-all yields are 49-629,. Other
methods of preparative value are the interaction of the Grignard
reagent of phenylacetylene with triethyl orthoformate, or the
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sodium derivative of phenylacetylene with either triethyl ortho-
formate or ethyl formate. These reactions are discussed critically
by Raphael Phenylpropargyl aldehyde diethyl acetal has also
been made by the action of the phenyl Grignard reagent with the
diethyl acetal of chloropropiolaldehyde.®

The acetylenic acetals are easily hydrolyzed to the correspond-
ing aldehydes in high yields in the presence of dilute acids.®*
Acetylenic acetals have also been of value in the synthesis of
a,B-unsaturated ethylenic acetals or aldehydes by partial cataly-
tic hydrogenation of the triple bond.*

1 Contribution No. 474 from the Central Research Department, Experimental
Station, E. I. du Pont de Nemours & Co. (Inc.), Wilmington, Delaware.

2 Howk and Sauer, J. Am. Chem. Soc., 80, 4607 (1958).

3 Allen and Edens, Org. Syntheses, Coll. Vol. 3, 732 (1955).

4 Raphael, Acetylenic Compounds in Organic Synthesis, pp. 68-75, Academic
Press, New York, 1955.

8 Zakharkin, Doklady Akad. Nauk S.S.S.R., 105, 985 (1955) [C.A., 50, 11237a
(1956)].

TETRAACETYLETHANE
(2,6-Hexanedione, 3,4-diacetyl-)

CH;COCH,COCH; 2% [CH;COCHCOCH;]Na

2[CHzCOCHCOCH;]Na + I, —
(CH3CO),CHCH(COCH3); + 2Nal

Submitted by RoBERT G. CHARLES.!
Checked by Vircit. BOEKELHEIDE and HENRY FLEISCHER.

1. Procedure

A. Sodium acetylacetonate. A solution is prepared by dissolv-
ing 40 g. (1 mole) of sodium hydroxide in 50 ml. of water and
adding to this 200 ml. of methanol. This solution is added,
slowly with hand stirring, to 100 g. (1 mole) of acetylacetone
(2,4-pentancdione)  contained in a 500-ml. Erlenmeyer flask
(Note 1). The creamy-white crystalline salt separates from
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solution immediately. The flask is stoppered and cooled in ice
(or in a refrigerator) for 2 hours or overnight. The sodium salt
is collected on a Biichner funnel and washed with two small por-
tions of cold methanol (Note 2). After the salt is air-dried, it is
dried further either by allowing it to stand in a vacuum desiccator
at room temperature or by heating it in a vacuum oven at 100°
for 3 hours (Note 3). The anhydrous product, which is stable
and can be stored indefinitely in a stoppered jar, weighs 70-80 g.
(59-67%).

B. Tetraacetylethane. Sodium acetylacetonate is ground to a
fine powder in a mortar, and 24.4 g. (0.2 mole) of the anhydrous
material or 28.9 g. of the hydrate (Note 3) is weighed into a 1-1.
Erlenmeyer flask. After 300 ml. of ether has been added, the
suspension is stirred vigorously at room temperature with a mag-
netic stirrer. To the stirred mixture is added, dropwise from a
separatory funnel, a solution of 25.4 g. (0.1 mole) of iodine dis-
solved in 300 ml. of ether. The rate of addition is maintained
roughly constant by occasional adjustments of the stopcock, and
the total addition is completed in about 2.5 hours. The reaction
mixture is then poured into a large Erlenmeyer flask, and the
ether is allowed to evaporate overnight at room temperature in a
hood (Note 4). To the contents of the flask there is then added
500 ml. of water, and the mixture is allowed to stand for 2 hours.
The remaining solid is collected on a Biichner funnel, washed
several times with water, and finally dried in a vacuum desiccator.
The yield (Note 5) of white solid, m.p. 185-188°,is 11-13 g. For
purification, the product is taken up in 500-700 ml. of.boiling
methanol and the hot solution is filtered through a semi-fluted
filter paper in a heated funnel. The filtrate is allowed to stand in
the refrigerator for several hours. There is collected from the fil-
trate 8.0-11.7 g. (41-59%) of white crystals, m.p. 192-193° (cor.).

2. Notes

1. Eastman Practical Grade acetylacetone was found to be
sufficiently pure for the preparation.

2. Washing with methanol decreases the yield somewhat but
improves the purity of the product visibly. Additional, but less
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pure, sodium salt can be obtained if desired by combining the
filtrate and washings, and evaporating.

3. The sodium salt dried in a vacuum oven is anhydrous, while
that dried in a vacuum desiccator was found to contain 15.6%,
water.

4. Some hazard is always involved in the evaporation of ether
to dryness. To minimize the hazard, peroxide-free ether should
be used and the evaporation conducted behind a shield. No
difficulties have been encountered in the submitter’s laboratory
with a number of these preparations using previously unopened
cans of anhydrous ether. If desired, the ether could be recovered
by distillation. The explosive hazard is probably increased, how-
ever, by such a procedure.

5. The yield is essentially the same whether anhydrous or
hydrated sodium acetylacetonate is used.

3. Methods of Preparation

Tetraacetylethane has been prepared previously both by the
use of sodium metal 2 and of sodium hydride ® with acetylacetone
followed by addition of iodine. Also, the compound has been
prepared in low yield by the reaction of diacetyl peroxide with
acetylacetone * and by the electrolysis of acetylacetone in an
alcohol-water solution.? The present method, although similar
to those first mentioned, is somewhat more convenient and does
not require anhydrous conditions.

1 Westinghouse Research Laboratories, Pittsburgh 35, Pennsylvania.

® Mulliken, Am. Chem. J., 15, 523 (1893).

3 Mosby, J. Chem. Soc., 1957, 3997.
4 Kharasch, McBay, and Urry, J. Am. Chem. Soc., 70, 1269 (1948).
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TETRACYANOETHYLENE
(Ethenetetracarbonitrile)
4CH3(CN); + 8Bry + KBr — KBr[BryC(CN),], + 8HBr
KBr[BryC(CN);]y + 4Cu —

2(CN)3C=C(CN); + 4CuBry; + KBr

Submitted by R. A. CArBONTL.!
Checked by James Cason and Epwin R. HARRIS.

1. Procedure

Caution!  Tetracyanoethylene slowly evolves hydrogen cyanide
when exposed to moist air at room temperature. This malerial
should be handled under a hood, and contact with the skin should be
avoided. The first step in the preparation should also be carried out
under a hood, since bromine is used.

A. Dibromomalononitrile-potassium bromide complex. In a 2-1.
three-necked flask equipped with an efficient stirrer, a dropping
funnel, and a thermometer are placed 900 ml. of cold water, 99 g.
(1.5 moles) of malononitrile (Note 1), and 75 g. (0.63 mole) of
potassium bromide. The flask is then placed in an ice-water bath,
the stirrer is started, and the thermometer is adjusted to extend
into the liquid but not into the path of the stirrer. When the
temperature of the mixture has dropped to 5-10° (much solid
crystallizes), 488 g. (158 ml. at 25°, 3.05 moles) of bromine is
added over a period of 2.5 hours. The stirring is continued for an
additional 2 hours, while the temperature is held at 5~10°. The
precipitated solid complex is collected on a Biichner funnel,
washed with 150 ml. of ice-cold water and sucked as dry as
possible for about 1 hour (Notes 2 and 3). The grainy product is
then dried to constant weight in a vacuum desiccator over phos-
phorus pentoxide, at the pressure obtained with an aspirator
(Notes 4 and 5). The yield of light-yellow product is 324--340 g.
(85-909%,) (Note 3).
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B. Tetracyanoethylene. A mixture of 254 g. (0.25 mole) of the
dibromomalononitrile-potassium bromide salt and 1 1. of dry
" benzene is placed in a 2-1. three-necked flask fitted with a sealed
mechanical stirrer and a reflux condenser. The stirrer is started
(Note 6), and 100 g. (1.57 g.-atoms) of precipitated copper powder
(Note 7) is added. The mixture is heated at reflux with constant

_stirring for 10-16 hours. The benzene layer becomes progres-

sively deeper yellow as the reaction proceeds. At the end of the
reaction period, the hot mixture is filtered by gravity, using a
fluted paper. Most of the heavy solid is easily retained in
the flask and is heated under reflux with 300 ml. of dry benzene,
with stirring, for 30 minutes. Filtration of the hot mixture is
carried out as before. Two 25-ml. portions of hot benzene are
used to wash the precipitate and are decanted through the
filter.

The combined filtrates are concentrated to approximately
350 ml. and cooled overnight at about 5°. The crystals are
filtered by suction, washed with two 25-ml. portions of cold
benzene, and dried in a vacuum desiccator (Note 8). The product
weighs 35-40 g. (55-629,) and melts at 197-199° in a sealed
capillary tube (Notes 9 and 10). This material is suitable for
subsequent reactions if it is used within a day or two, although it
gives somewhat lower yields than obtained with recrystallized
material. This product may be purified, to yield material stable
to storage, by recrystallization from nine times its weight of dry
chlorobenzene (Note 11). There is recovered 85-909, of light
beige crystals (Notes 12 and 13) melting at 199-200° (sealed
capillary tube).

2. Notes

1. The malononitrile was obtained from the Winthrop-Stearns
Corp., New York, N. Y., and melted at 30-31°.

2. The vapors of dibromomalononitrile-potassium bromide
complex are irritating to the eyes and nose. The solid causes
discoloration of the skin on contact. Manipulations should be
carried out with gloves in a hood.

3. An additional few grams of product separates from the
filtrate during this period, and a little more separates during 1-2
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days’ standing. This material amounts to 10-20 g. (2.5-5%)
additional yield satisfactory for the next step.

4. The product may also be dried in a vacuum oven at 50°;
however, the deposition of some free dibromomalononitrile on the
walls of the oven renders this method of drying less advantageous.
If an oil pump is used to evacuate the desiccator, it should be
protected by an adequate trap containing solid sodium hydroxide.

5. It is essential that the complex be thoroughly dried; other-
wise the yield of tetracyanoethylene in the subsequent step is
materially decreased.

6. Dryness of the complex may be assured, and checked, by
attaching a distillation head to the third neck of the flask and
distilling benzene until the distillate has run clear for a few milli-
liters. If the apparatus and reagents were properly dried, only
10-20 ml. of slightly cloudy distillate should be observed.

7. The precipitated copper powder, Grade MD 98, was ob-
tained from Metals Disintegrating Co., Elizabeth, New Jersey.

8. The crude product retains the odor characteristic of di-
bromomalononitrile and will stain the skin. Pure tetracyano-
ethylene is practically odorless.

9. The capillary is sealed in order to prevent sublimation; it
should not be evacuated unless totally immersed in the heating
bath, otherwise sublimation into the cooler part of the sealed
capillary will occur.

10. A small additional quantity of less pure product may be
obtained by heating the mother liquor with 20 g. of fresh copper
powder for 1 hour with stirring, then filtering and concentrating
the filtrate to about 100 ml. An equal volume of cyclohexane is
added to the hot concentrate, and the mixture is cooled at about
5° for about 30 minutes. Following this procedure in one run,
the checkers obtained a yield of 2.9 g. which was recrystallized
from 26 g. of chlorohenzene to give 2.1 g. of unattractive material
with a poor melting point.

11. The solubility of tetracyanoethylene in chlorobenzene ap-
parently increases sharply as the boiling point of the solvent is
approached. Thus the crystals should be extracted in boiling
chlorobenzene. Chlorobenzene may be conveniently dried by
distilling until the distillate no longer runs cloudy (azcotrope,
b.p. 90°, 28.49, watcr).
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12. The crystals, which are yellow when wet with chlorobenzene,
become light-colored as the solvent is removed during drying.

13. If an especially good product is desired, the recrystallized
material is sublimed at 130-140°/1 mm. A still better product
with no trace of color may be obtained by subliming the recrystal-
lized tetracyanoethylene through activated carbon. For example,
35 g. of tetracyanoethylene is placed in a glass thimble and
covered with 20-25 g. of activated wood charcoal chips (4-8
mesh). The mouth of the thimble is covered with a coarse grade
of filter paper which is held in place by wiring. The thimble is
placed in a sublimer, and the sublimation is carried out at
1-2 mm. (bath temperature 175-190°). The tetracyanoethylene
is recovered in 80-909, yield as a colorless, hard crystalline mass

that melts at 201-202° (sealed tube).

3. Methods of Preparation

The procedure given above for the dibromomalononitrile-
potassium bromide complex is essentially that of Ramberg and
Wideqvist.? Tetracyanoethylene has also been prepared by pass-
ing malononitrile and chlorine through a hot tube at 400°.2 The
present procedure, based on that described by Cairns et al.;* ap-
pears to be the best preparative method. Tetracyanoethylene,
the first example of a percyanodlefin, has shown exceptional re-
activity in a number of addition reactions. For example,itisa very
active dienophile, reacting rapidly at room temperature with
many 1,3-dienes to give the corresponding Diels-Alder products.*
With aromatic hydrocarbons, it forms m-complexes of characteris-
tic colors ranging from yellow to green, and it has been used as a
color-forming reagent in paper chromatography of aromatic com-
pounds.®

! Contribution No. 480 from Central Research Department, Experimental
Station, E. I. du Pont de Nemours & Co. (Inc.), Wilmington, Delaware.

? Ramberg and Wideqvist, Arkiv Kemi, Mineral. Geol., 12A, No. 22 (1937).

8 Cairns, Carboni, Coffman, Engelhardt, Heckert, Little, McGeer, McKusick,
Middleton, Scribner, Theobald, and Winberg, J. Am. Chem. Soc., 80, 2775 (1958).

¢ Middleton, Heckert, Little, and Krespan, J. Am. Chem. Soc., 80, 2783 (1958).

8 Merrificld and Phillips, J. Am. Chem. Soc., 80, 2778 (1958).

o Tarbell and uang, J. Org. Chem., 34, 887 (1959).
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p-TRICYANOVINYL-N,N-DIMETHYLANILINE
(Ethenetricarbonitrile, p-dimethylaminophenyl-)

(CH3)2N—© + (NC);C=C(CN); —
(CH3)2N—®—(|3=C(CN)2 + HCN
CN

Submitted by B. C. McKusick and L. R. MELBY.!
Checked by James CasoN and RALPH J. FESSENDEN.

1. Procedure

Caution! Because hydrogen cyanide is formed in this reaction,

all operations up to the recrystallization of the product should be .

carried out in a good hood. Contact of tetracyanoethylene with the
skin should be avoided.

A solution of 26.6 g. (28 ml., 0.22 mole) of N,N-dimethylaniline
in 65 ml. of dimethylformamide is placed in a 250-ml. beaker
clamped about 30 cm. above the base of a ring stand. The beaker
is provided with a mechanical stirrer and thermometer. An iron
ring is attached to the ring stand below the beaker so that the
temperature of the reaction mixture can be controlled by raising
or lowering an ice bath or hot water bath. Recrystallized tetra-
cyanoethylene 2 (25.6 g., 0.20 mole) is added in small portions
over a period of about 5 minutes with good stirring. The rate of
addition is such as to maintain the temperature at 45-50°, and
occasional cooling with an ice bath may be necessary to keep the
temperature within this range.

When all the tetracyanoethylene has been added, the reaction
mixture is stirred at 45-50° for 10 minutes, and heat is supplied
as needed by a water bath. p-Tricyanovinyl-N,N-dimethyl-
aniline generally crystallizes out as a dark-blue solid during this
period. At the end of the heating period, the mixture is chilled
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in an ice bath for 30 minutes. The tricyanovinyl compound is
collected on a Biichner funnel, pressed dry with the help of a
filter dam, and washed successively with 20 ml. of methanol and
40 ml. of ether. It weighs 25-30 g. after being dried in air.

The crude product is purified by recrystallization from 160-
180 ml. of acetic acid. The solution (Note 1) is allowed to cool
slowly to room temperature, and p-tricyanovinyl-N,N-dimethyl-
aniline is collected on a Biichner funnel and washed successively

-with 20 ml. of methanol and 40 ml. of ether. The product, 23—

26 g. (52-58%,), is obtained as dark-blue needles, m.p. 173-175°
(Note 2).

2. Notes

1. The acetic acid solution is so deep a red color that it is neces-

k sary to hold the flask over a bright light in order to determine

when all the solid has dissolved. The solution will dye the skin
with a fast red color. '

2. Although the crystals have a very dark blue appearance,
the solutions are deep red; in acetone, Apax. 517 mu (z 41,500).

3. Methods of Preparation

p-Tricyanovinyl-N,N-dimethylaniline has been prepared by
adding hydrogen cyanide to p-dimethylaminobenzalmalono-
nitrile and oxidizing the adduct.® The present procedure, an
adaptation of one that has been published,? is the more conven-
ient preparative method. It can be applied to a wide variety of
secondary and tertiary aromatic amines to give p-tricyanovinyl-
arylamines that, like the present one, are dyes.? Other types of
aromatic compounds also condense with tetracyanoethylene in
this manner. Thus one can obtain 4-tricyanovinyl-2,6-dimethyl-
phenol from 2,6-dimethylphenol, 2-tricyanovinylpyrrole from
pyrrole, and 9-tricyanovinylphenanthrene from phenanthrene.

! Contribution No. 484 from Central Research Department, Experimental
Station, E. I. du Pont de Nemours & Co. (Inc.), Wilmington, Delaware.

2 Carboni, Org. Syntheses, 39, 64 (1959).

8 McKusick, Heckert, Cairns, Coffman, and Mower, J. Am. Chem. Soc., 80, 2806

(1958).
¢ Sausen, Engelhardt, and Middleton, J. Am. Chem. Soc., RO, 2815 (1958).
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2,4,4-TRIMETHYLCYCLOPENTANONE
(Cyclopentanone, 2,4,4-trimethyl-)

0 O
u | o
CH, Q O EROCH: [ cH,
CH3 CH3 CH3
1 ]
|
/CHO CH,
CHs,| CH; + NaOH — CHj | + HCOyNa
CH, CHy”

Submitted by GEorGE D. RYErsoN, RicHArRD L. WassoN, and
HersBerT O. HOUSE.!
Checked by James CasoN and RaLpH J. FESSENDEN.

1. Procedure

In a 1-1. separatory funnel is placed a solution of 38.6 g. (0.25
mole) of isophorone oxide (Note 1) in 400 ml. of reagent grade
benzene. To the solution is added 20 ml. (0.16 mole) of boron
trifiuoride etherate (Note 2). The resulting solution is mixed by
swirling, allowed to stand for 30 minutes, then diluted with 100
ml. of ether and washed with 100 ml. of water (Note 3). The
organic layer is shaken for 1-2 minutes with a solution of 40 g.
(1.0 mole) of sodium hydroxide in 200 ml. of water (Note 4) and
then washed with a second 100-ml. portion of water. The com-
bined aqueous solutions are cooled briefly in running water and
then extracted with two 50-ml. portions of ether. The ethereal
extracts are added to the benzene-ether solution (Note 5), and
the combined solution, after drying over anhydrous magnesium
sulfate, is concentrated by distillation through a Claisen head.
When the temperature of the distillate reaches about 80° (Note
6), the residual liquid is fractionally distilled (Note 7) under re-
duced pressure. The yield of 2,4,4-trimethylcyclopentanone, b.p.
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61-62°/21 mm., #»% 1.4278-1.4288, is 17.7-19.8 g. (56-639%,)
(Note 8).

2. Notes

1. The preparation of isophorone oxide was described in an
earlier volume of this series.? _

2. A practical grade of boron trifluoride etherate, purchased
from Eastman Kodak Company, was redistilled before use. The
pure etherate boils at 126°.

3. If the organic layer is dried over magnesium sulfate and
fractionally distilled at this point, both 2,44-trimethylcyclo-
pentanone and 2-formyl-2,4,4-trimethylcyclopentanone, b.p.
49-50° (2 mm.), ny 1.4495, may be isolated. The pot residue
from this distillation contains a small amount of the enol form of

'3,5,5-trimethyl-1,2-cyclohexanedione which crystallizes from

petroleum ether as white needles, m.p. 92-93°.

4. The specified period of shaking is sufficient to ensure com-
plete deformylation of the intermediate 8-keto aldehyde. Ordi-
narily, no difficulty is experienced with emulsification provided
that the recommended quantity (or more) of ether is added to
the reaction mixture.

5. Acidification of the residual aqueous solution followed by
extraction with ether permits the isolation of about 1 g. of the
enol form of 3,5,5-trimethyl-1,2-cyclohexanedione (see Note 3).

6. At this point about 150-200 ml. of liquid remains in the still
pot. If the distillation is continued, the peppermint-like odor of
the product, 2,4,4-trimethylcyclopentanone, can be detected in
the distillate.

7. The submitters used a 24-cm. jacketed Vigreux column for
this distillation. The checkers used a simple type of Podbielniak
column, 50 cm. in length, with heated jacket and partial reflux
head; after the last of the benzene had been distilled through the
column, the following fractions were received:

Wt., g. B.P./15 mm. n2s
0.7 35-54° 1.4288
0.7 54-55° 1.4278
7.5 55° 1.4278
9.5 55° 1.4278

4.9  Residue, m.p. 80 90°
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Thus a rather good sample of product may be obtained without
use of fractionating equipment.

8. If an appreciable quantity of higher-boiling material (con-
sisting of 2-formyl-2,4,4-trimethylcyclopentanone; see Note 4)
remains after the product has been collected, the residue should
be dissolved in ether and shaken with aqueous sodium hydroxide
as described in the procedure. After the ethereal extract has
been dried over magnesium sulfate, distillation will permit the
isolation of an additional quantity of 2,4,4-trimethylcyclopen-
tanone.

3. Methods of Preparation

2,44-Trimethylcyclopentanone has been prepared by the
oxidation of 1-hydroxy-2,4,4-trimethylcyclopentanecarboxylic
acid with lead dioxide in sulfuric acid,® by the hydrogenation of
2,4 4-trimethyl-2-cyclopentenone,*% by the Clemmensen reduc-
tion of dimethyldihydroresorcinol,®? by the distillation of pow-
dered 2,4,4-trimethyladipic acid with sodium hydroxide,® and by
the saponification and decarboxylation of ethyl 2-keto-1,4,4-tri-
methylcylopentanecarboxylate.®1® The rearrangement of iso-
phorone oxide * appears to represent the optimum combination
of favorable yield and convenient procedure.

! Department of Chemistry, Massachusetts Institute of Technology, Cambridge,
Massachusetts.

2 Wasson and House, Org. Syntheses, 37, 58 (1957).

3 Wallach, Ann., 414, 296 (1918).

1 Fjader, Suomen Kemistilehti, 5, Suppl. 27 (1932) [Chem. Zentr., 1932 1, 3172].

 Nazarov and Bukhmutskaya, Bull. acad. sci. U.R.S.S., Classe sci. chim., 1947
205 [C.4., 42, 7733 (1948)].

¢ Dey and Linstead, J. Chem. Soc., 1935, 1063.

7 Auterinen, Suomen Kemistilehti, 10B, 22 (1937) [C.4., 32, 509 (1938)].

8 Birch and Johnson, J. Chem. Soc., 1951, 1493,

9 Qudrati-Khuda and Mukherji, J. Indian Chem. Soc., 28, 435 (1946).

10 Chakravarti, J. Chem. Soc., 1947, 1028.

11 House and Wasson, J. Am. Ckem. Soc., 79, 1488 (1957).

a,a,8-TRIPHENYLPROPIONITRILE 73

a,a,-TRIPHENYLPROPIONITRILE
(Propionitrile, 2,2,3-triphenyl-)
(CeHs),CHCN TI-;—N—}L

NH;

[(CeH5):CCN]"K ™
[(CeHs)2CCN]"K* + CgH;CH,Cl —
(CsH;):C—CH.CeH; + KClI

CN

Submitted by C. R. HAusErR and W. R. DUNNAVANT.!
Checked by VirciL BOEKELHEIDE and DoNALD R. ARNOLD.

1. Procedure

Caution! This preparation should be conducted in a hood to avoid
exposure to ammonia.

A suspension of potassium amide (0.23 mole) in liquid ammonia
is prepared in a 1-1. three-necked flask equipped with an air con-
denser (without drying tube), a ball-sealed mechanical stirrer,
and a dropping funnel. Commercial anhydrous liquid ammonia
(500 ml.) is introduced into the flask from a cylinder through an
inlet tube. To the stirred ammonia is added a small piece of
potassium metal. After the appearance of a blue color, a few
crystals (about 0.25 g.) of ferric nitrate hydrate are added, fol-
lowed by small pieces of potassium (Note 1) until 9.0 g. (0.39 g.-
atom) has been added. After all the potassium has been con-
verted to the amide (Note 2), 44.6 g. (0.23 mole) of diphenyl-
acetonitrile (Note 3) is added and the resulting greenish-brown
solution is stirred for 5 minutes. To this is added, over 10
minutes, 30.5 g. (0.24 mole) of benzyl chloride (Note 4) in 100
ml. of anhydrous ether. The orange solution is stirred for 1
hour, and the ammonia is then evaporated on a steam bath as
300 ml. of anhydrous ether is being added. To the ether solution
is added 300 ml. of water, whereupon the crude nitrile precipi-
tates.  The ether is then removed by distillation and the crude
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nitrile is collected on a Biichner funnel. The yield of crude, light-
tan a,o,(-triphenylpropionitrile is 64 g. (98-999,). The nitrile
is dissolved in 1300 ml. of hot ethanol, treated with Norite, and
filtered. The filtrate is held at room temperature overnight, and
the product collected by filtration. A second crop is obtained by
concentration of the mother liquor. The total yield of a,,3-tri-
phenylpropionitrile, m.p. 126.5-127.5° is 62.2-65.5 g. (95-99%,
yield) (Note 5).

2. Notes

1. The potassium is cut in about 0.5-g. pieces, stored under
kerosene, and blotted with filter paper before addition.

2. Conversion is indicated by the discharge of the deep-blue
color. This generally requires about 20 minutes.

3. Diphenylacetonitrile supplied by the Eastman Kodak Com-
pany was used without purification.

4. Eastman Kodak Company practical grade benzyl chloride
was vacuum-distilled; the fraction, b.p. 63°/12 mm., was used.

5. Under comparable conditions the corresponding alkylations
of diphenylacetonitrile with a-phenethyl chloride and benzhydryl
chloride have been effected to form 2,3 3-triphenylbutyronitrile
and 2,2,3,3-tetraphenylpropionitrile in yields of 88 and 96%,
respectively.?

3. Methods of Preparation

The method used is that of Hauser and Brasen.?

The benzylation of diphenylacetonitrile with benzyl chloride
to form a,a,B-triphenylpropionitrile has been previously effected
in 839, yield by sodium ethoxide in ethanol? in 679, yield by
methylmagnesium iodide in ether,* and in unreported yield by
sodium amide in ether.®

1 Department of Chemistry, Duke University, Durham, North Carolina. Work
supported by the Office of Ordnance Research.

2 Hauser and Brasen, J. Am. Chem. Soc., 78, 82 (1956).

3 Neure, Ann., 250, 140 (1889).

4 Sisido, Nozaki, and Kurihara, J. Am. Chem. Soc., 72, 2270 (1950).

5 Ramart, Bull. soc. chim. France, [4] 35, 196 (1924).

TRIPTYCENE

TRIPTYCENE
(9,10-0-Benzenoanthracene, 9,10-dihydro-)
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F F
Mg - @[ _ > @ ] Anthracene
Br MgBr
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Submitted by GEorcE WrTTIG.!

Checked by Joun D. RoBErTS, M. C. CasErio, E. S. JorNsoN, and
L. SKATTEBYL.

1. Procedure

A 200-ml. three-necked flask, equipped with a ball-and-socket
sealed mechanical stirrer, a pressure-compensated dropping fun-
nel, and a reflux condenser connected to a mercury bubbler
(Note 1), is charged with 0.8 g. (0.033 g.-atom) of magnesium
turnings, 7.5 g. (0.042 mole) of anthracene, and 35 ml. of an-
hydrous tetrahydrofuran (Note 2). In the dropping funnel there
is placed a solution of 5.26 g. (0.03 mole) of o-fluorobromobenzene
(Note 3) in 15 ml. of tetrahydrofuran. The system is flushed with
dry nitrogen for 30 minutes to remove air. The gas flow is then
stopped in order to prevent extensive loss of tetrahydrofuran.
The mixture is heated to and maintained at 60° (bath tempera-

ture), and one-quarter of the o-fluorobromobenzene solution

is

added with stirring. The appearance of a yellow color which
evidences the start of reaction may not be observed immediately,
and another quarter of the solution is then added dropwise over a
period of about 45 minutes. When the reaction commences, the
remaining solution is added dropwise over a period of 1 hour,
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after which the mixture is refluxed gently for 90 minutes. The
almost homogeneous dark-brown mixture is poured into 100 ml.
of methanol, which precipitates much of the unreacted anthra-
cene. Without filtering, the solvents are removed under reduced
pressure and the yellow residue is treated with two 50-ml. portions
of 5% hydrochloric acid, filtered, and vacuum-dried. The dry,
yellow residue (10 g.) is dissolved in 45 ml. of hot xylene, then
5.0 g. (0.051 mole) of maleic anhydride is added. The mixture is
refluxed for 20 minutes and set aside at room temperature for 2
hours. The maleic anhydride-anthracene adduct (about 9 g.)
is removed by filtration, and the brown filtrate is refluxed for 2
hours with 80 ml. of 2V sodium hydroxide solution. When cool,
the organic layer is separated, washed three times with 50-ml.
portions of water (Note 4), and dried over calcium chloride. The
solvent is removed at reduced pressure. The brown residue is
dissolved in 70 ml. of carbon tetrachloride and chromatographed
on 280 g. of acid-washed alumina, using 1 1. of the same solvent
to elute. After evaporation of the solvent, there remains 2.4—
2.9 g. of a yellow residue which is digested with two 10-ml. por-
tions of pentane (Note 5). The residual crude triptycene is an
almost white crystalline solid of melting point 240-248°. The
yield is 2.14 g. (28%,) (Note 6). Recrystallization of this material
from cyclohexane gives pure white crystals of melting point
255-256°.

2. Notes

1. The mercury bubbler seals the system from the air. It is
connected to the top of the reflux condenser by means of 8-mm.
glass tubing more than 76 cm. high. The pressure in the system
may be varied by adjusting the depth of the lower end of the tube.
A constant stream of dry nitrogen may be substituted for the
mercury bubbler, but this inevitably results in some loss of tetra-
hydrofuran.

2. Tetrahydrofuran may be purified by distillation from
lithium aluminum hydride.

3. o-Fluorobromobenzene as supplied by the Aldrich Chemical
Company, Milwaukee, Wisconsin, may be used without further
purification.
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4. Small amounts of sodium chloride may be added to facilitate
separation of the phases.

5. The main impurity is a yellow oil which is readily soluble in
pentane.

6. The checkers report a yield of 1.35-1.68 g. (18-229,) of
triptycene of melting point 245-255°.

3. Methods of Preparation

Triptycene has been prepared by Bartlett and co-workers 2in a
seven-step synthesis.

1 University of Tiibingen, Tiibingen, Germany.
? Bartlett, Ryan, and Cohen, J. Am. Chem. Soc., 64, 2649 (1942).

TRITHIOCARBODIGLYCOLIC ACID
(Carbonic acid, trithio-, bis[carboxymethyl] ester)
2KOH + H,S — KoS + 2H,0
KyS + CS; — (KS).CS

(KS)3CS + 2CICH,CO3K —— (KO2CCH,S).CS

(KO,CCH,S),CS —2 (HO,CCH,S),CS

Submitted by R. E. STRUBE!
Checked by Joun D. RoBERTS and STANLEY L. MANATT.

1. Procedure

In a 300-ml. three-necked, round-bottomed flask equipped with
a magnetic stirrer and a gas-inlet tube reaching below the surface
of the liquid is placed a solution of 63 g. (1.1 moles) of potassium
hydroxide (Note 1) in 100 ml. of water. The solution is cooled in
ice, and hydrogen sulfide is bubbled through (Note 2) with stir-
ring until the gain of weight is 33-34 g. (Note 3). The solution
is then poured into a 3-1. three-necked, round-bottomed flask
provided with a stirrer, a gas-inlet tube, a reflux condenser, and a
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thermometer reaching into the liquid. The small flask is rinsed
with 25 ml. of ice water and the rinsings added to the rest of the
solution. Then 63 g. (1.1 moles) of potassium hydroxide is added
and allowed to dissolve. The 3-1. flask is then well flushed with
nitrogen and, at a temperature of about 30°, 76.0 g. (1.0 mole)
of carbon disulfide (Note 4) is added at once. The mixture is
stirred vigorously for 2 hours (Note 5) while nitrogen is passed
through at a rate of about one bubble per second (Note 6) and
the temperature is kept at 35-38° (Note 7). Then the gas supply
is disconnected and the dark-red solution is cooled in an ice bath.

A solution of 189 g. (2.0 moles) of chloroacetic acid (Note 8) in
300 ml. of water is neutralized to litmus with a solution contain-
ing approximately 135 g. (2.41 moles) of potassium hydroxide in
300 ml. of water. The resulting potassium chloroacetate solution
is placed in a dropping funnel and added to the stirred potassium
thiocarbonate solution obtained above at such a rate that the
temperature does not go above 40°. After the addition is com-
plete, the stirring is continued for 1 hour at room temperature.
Then 200 ml. of concentrated hydrochloric acid is added while
the temperature is kept below 20° by cooling in an ice bath.
Finally, the reaction mixture is stirred for 30 minutes at room
temperature. The yellow precipitate is filtered and washed twice
with 150-ml. portions of ice water. The crude material is dried
under reduced pressure in a vacuum desiccator over calcium
chloride to constant weight (about 2 days). The drying is ex-
pedited if the lumps are occasionally broken up. The yield of
yellow product having m.p. 169-174° (uncor.) (Note 9) is 152-
160 g. (67-71%,). :

2. Notes

1. Potassium hydroxide pellets, Mallinckrodt, 85% minimum
KOH assay, were used.

2. A bubbler filled with mercury was placed between the gas
cylinder and the gas-inlet tube. A good hood should be used
throughout the procedure because hydrogen sulfide is toxic in
minute concentrations.

3. Two to three hours is required to saturate the solution.
The submitter used the same 3-1. flask to prepare the potassium
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sulfide and to carry out the subsequent reaction. The checkers
found the smaller flask more convenient for following the hy-
drogen sulfide uptake.

4. Carbon disulfide, Mallinckrodt, analytical grade reagent,
was used.

5. The carbon disulfide layer usually disappears in about 45
minutes, but longer times may be required if the stirring is not
effective.

6. Contact of the reaction mixture with atmospheric oxygen
is to be avoided, but the gas flow should be kept slow enough to
minimize loss of carbon disulfide. A bubbler filled with water
was placed between the gas cylinder and the gas-inlet tube.

7. A water bath kept at 40-43° or an electrically heated mantle
may be used.

8. Chloroacetic acid, m.p. 62-64°, Eastman Kodak, was used.

9. The submitter reports yields of 160-175 g. (71-779%,) of
product melting at 166-172°. Recrystallization from water gives
150-165 g. (66-739%,) of material melting at 174-176° (cor.).

3. Methods of Preparation

Trithiocarbodiglycolic acid can be prepared by heating an
aqueous solution of the alkali salts of thiocarbonylethoxythio-
glycolic acid,>® by heating an aqueous solution of potassium
methylxanthate and sodium monochloroacetate,® and by heating
an aqueous solution of potassium thiocarbonate and sodium
monochloroacetate.? The compound is also formed by heating an
aqueous solution of potassium ethyltrithiocarbonate and sodium
monochloroacetate,* and by heating an aqueous solution of thio-
carbonylglycolic acid-thioglycolic acid with ammonia 8 or aniline.®
The procedure described is adapted from that of Holmberg.?

! Department of Chemistry, Research Division, The Upjohn Company, Kala-
mazoo, Michigan.

* Holmberg, J. prakt. Chem., 71, 271 (1905).

3 Biilmann, Ann., 348, 134 (1906).

4 Holmberg, J. prakt. Chem., 75, 182 (1907).

5 Ahlqvist, J. praki. Chem., 99, 55 (1919).

¢ Holmberg, J. prakt. Chem., 84, 645 (1911),

" Holmberg, J. prakt. Chem., 71, 279 (1905).
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(This cumulative index comprises material from Volumes 30-39; for previous vol-
umes 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 mentioned 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
acid sodium salt of, 32, 4
diamylamine salt of, 32, 2
Acetaldehyde, 36, 60
ACETALDEHYDE, DIPHENYL-, 38, 26
Acetal diethy], of acetylenic aldehydes,
39, 60
of n-butylpropiolaldehyde, 39, 06
of phenylpropargyl aldehyde, 39, 59
Acetal ethylene formation, from tetra-
cyanonitrile and ethylene glycol,
39, 13
Acetal formation from pentaerythritol
and benzaldehyde, 38, 65
Acetamide, 31, 17
ACETAMIDE, N-BROMO, 31, 17
a-PHENYL-, 32, 92
ACETANILIDE, a-BENZOYL-, 37, 2
a-benzoyl-2-methoxy-4-nitro, 37, 4
ACETIC ACID, BENZOYL-, ETHYL ESTER,
37,3, 32
CHLOROFLUORO-,
49
«a-CHLOROPHENYL, 36, 3
CYANOPHENYL-, ETHYL ESTER, 30, 43
diazo-, esters, 36, 27
DIAZO-, ETHYL ESTER, 36, 25
glacial, 81, 8, 11, 19, 78; 32, 6, 45
THIOL-, 81, 105
Acetic anhydride, 80, 82; 81, 106; 32, 54;
38, 1, 39, 70; 886, 58; 38, 53

ETHYL ESTER, 34,

ACETOACETONITRILE, 2-(p-CHLORO-
PHENYL)-4-PHENYL-, 35, 30
Acetone, 32, 22, 32
Acetonedicarboxylic acid, 37, 74, 75
ACETONITRILE, CHLORO-, 30, 22
DIBROMO-, 38, 16
p-METHOXYPHENYL-, 36, 50
Acetophenone, 33, 7
conversion into ethyl (1-phenyl-
ethylidene)cyanoacetate, 39, 25
ACETOPHENONE, $-(2,5-DIHYDROXY-
PHENYL)-, 34, 1
2-HYDROXY-S-METHOXY-, 31, 90
0-NITRO-, 30, 70
2'-Acetoxy-a,B8-dibromochalcone, 32, 75
Acetylacetone, 31, 43; 39, 61
N-(p-ACETYLAMINOPHENYL)RHODA-
NINE, 39, 1
9-ACETYLANTHRACENE, 30, 1
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, 36, I
Acetylene, 30, 15; 82, 27, 71
dimagnesium halide of, 32, 72
into ethynylmagnesium bromide,
39, 57
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Acetylene, purification, 39, 58
ACETYLENE, DIPHENYL-, 34, 42
~y-HYDROXYPROPYL, 33, 68
ACETYLENEDICARBOXYLIC ACID, DI-
METHYL ESTER, 32, 55
ACETYLENIC GLYCOLS, 39, 57
2-p-Acetylphenylhydroquinone, 34, 1
8-ACETYL-n-VALERIC ACID, 31, 3
Acid chlorides, 39, 19
synthesis of, 37, 69
Acid isomerization of diterpenic acids,
32,1
Acid number, 32, 3
Acidolysis, of ethyl a-chlorophenyl-
acetate by acetic acid, 86, 4
of vinyl acetate by fatty acids, 30,
106
Acrolein, 37, 75
reaction with ethynylmagnesium
bromide, 39, 57
ACROLEIN ACETAL, 82, §
ACROLEIN DIETHYL ACETAL, 32, 5§
ACRYLIC ACID, trans-B-(o-NITRO-
PHENYL)-a-PHENYL-, 36, 89
Acrylonitrile, 30, 80; 36, 6; 38, 14
ACRYLONITRILE, TRIPHENYL-, 31, 52
Acylation of ethanolamine with phthalic
anhydride, 32, 19
Acyloin reaction, 386, 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,
33, 104
of enanthaldehyde to diethyl maleate,
34, 51
of ethanol to chlorotrifluorethylene,
34, 16
of ethyl phenylcyanoacetate to
acrylonitrile, 30, 80
of hydrogen chloride to cyclopenta-
diene, 32, 42

Addition, of hydrogen cyanide to
a-phenylcinnamonitrile, 82, 63
of hydrogen iodide to cyclohexene,
31, 66
of hydrogen peroxide in formic acid
to oleic acid, 39, 15
of hydrogen sulfide, to methyl
acrylate, 30, 65
to tetracyanoethylene, 39, 8
of hypochlorous acid to cyclopentene,
30,24
of isocaproy] chloride to acetylene,
32, 27
of malonic acid to isobutylene, 34,
26
of methanol, to cyanamide, 34, 67
to a,B-unsaturated ketone, 32, 79
of methyl iodide to benzyldimethyla-
mine, 34, 61
of p-nitrophenyldiazonium chloride
to butadiene, 31, 80
of 2-nitropropane to methyl acrylate,
32, 86
of potassium cyanide to diethyl
benzalmalonate, 30, 84
of sodium bisulfite, to cyclo-
heptanone, 34, 25
to phenanthrenequinone, 34, 76
Adipyl azide, 36, 70
Adipy! hydrazide, 36, 69
Alanine, 33, 1
Aldehyde-collidine, 30, 42
Aldehydes, stabilization against
autoxidation, 87, 40
Aldehyde synthesis, 31, 92; 39, 30
from benzyl halides and nitropropane,
30, 99
Sommelet, 30, 67
Alizarin indicator, 37, 33
N-Alkyl amines, formation of, 38, 29
Alkylation, of acetylene, 30, 15
of amines with alkyl orthoformates,
38, 29
of 2-aminopyridine with benzyl
alcohol, 38, 3
of aniline with triphenylcarbinol,
80,5
of e-caprolactam with dimethyl
sulfate, 81, 72
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Alkylation, of diethyl malonate with
3-chlorocyclopentene, 32, 52
of diethyl methylmalonate with
n-decyl bromide, 38, 49
of diethyl phthalimidomalonate,
30,7
of diphenylacetonitrile, with benzyl
chloride, 39, 73
with benzhydryl chloride, 39, 74
with a-phenethyl chloride, 89, 74
of efhyl acetoacetate, 31, 1
of fluorene, 39, 44
of maleic anhydride with allyl-
benzene, 31, 85
of phosphorus trichloride with
benzene, 31, 88
of potassium phthalimide with
phthalide, 38, 81
of Reissert’s compound with methy!
iodide, 38, 59
of sodium p-toluenesulfinate with
dimethyl sulfate, 38, 62
of triisopropyl phosphite with methyl
iodide, 31, 33
of trimethylamine with benzyl
chloride, 38, 5
using Raney nickel, 36, 21
Alkyl bromides, 36, 42
9-Alkylfluorenes, 39, 45
Alkyl fluorides, 36, 42
N-Alkylformanilides, formation of,
38, 29
Alkylphosphony! dichlorides, 37, 84
ALLOXAN MONOHYDRATE, 32, 6; 33, 3
ALLOXANTIN DIHYDRATE, 33, 3
Allylbenzene, 381, 85, 86
Allylbromide, 381, 86; 36, 61
a-Allyl-8-bromoethyl ethyl ether, 36,
62
Allyl chloride, 36, 63
Allylmagnesium bromide, 36, 61
Allylmagnesium chloride, 36, 63
Alumina, 34, 79; 385, 73; 39, 76
activated, 39, 9
preparation for chromatography,
317,75
Aluminum bromide, 33, 99
Aluminum chloride, 30, 1, 63; 81, 88;
32, 10; 388, 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 bro-
moaniline and other aromatic
amines, 31, 8
of thiocyanic acid with o-chloro-
aniline, 31, 21
Amide formation, from a carboxylic
acid and urea, 37, 50
from 2-amino-5-nitroanisole and
ethyl benzoylacetate, 37, 4
from aniline and ethyl benzoyl-
acetate, 37, 3
from cyclohexanecarboxylic acid
chloride and dimethylamine,
39, 20
Amide reduction with lithium alumi-
num hydride, 39, 19
Amine oxide formation, 39, 40
Amine oxide pyrolysis, 39, 41, 42
p-Aminoacetanilide, 39, 1
Amino acids, synthesis of, 30, 7
2-AMINO-4-ANILINO-6-(CHLORO-
METHYL)-S-TRIAZINE, 38, 1
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)cyclohexzanol, 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, 85, 3
2-AMINO-5-NITROTOLUENE, 86, 5

83
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o-Aminophenol, 30, 57
2-Aminopyridine, 38, 3
3-AMINOPYRIDINE, 30, 3
2-Aminopyrimidine, 35, 34
$-AMINOTETRAPHENYLMETHANE, 30, 5
p-Aminotetraphenylmethane hydro-
chloride, 30, 5
3-Amino-2,4,6-tribromobenzoic acid,
36, 94
Ammonia, 31, 52; 34, 4
liquid, 30, 15, 73; 34, 46, 62; 35, 20,
52; 37,77, 80; 39, 73
Ammonium acetate, 32, 94; 39, 25
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-dinitro-
benzenesulfonate, 31, 46
n-Amylacetylene, 30, 17
N-Amylaniline, 36, 22
Amylbenzene, 31, 63, 64
n-Amyl fluoride, 36, 42
Aniline, 31, 48; 34, 79; 36, 64; 37, 3
reaction with ethyl orthoformate,
35, 65
ANILINE, p-CHLORO-N-ETHYL-, 38, 29
2,6-DINITRO-, 31, 45
Aniline benzenesulfonate, 36, 7
Aniline hydrochloride, 30, 5, 6; 36, 6
Anilines, ortho-substituted, cyano-
ethylation of, 38, 15
p-Anisidine hydrochloride, 31, 12
Anisyl alcohol, 36, 50
Anisyl] chloride, 36, 51
Anthracene, 30, 1; 31, 78; 39, 75
ANTHRACENE, 9-NITRO-, 31, 77
Anthranilic acid, 31, 96; 32, 9
Anthraquinone, 31, 79; 34, 77
Apparatus, Duplex Dispersator, 39, 5
for acetate pyrolysis, 38, 79
for acyloin cyclization, 36, 79
for alternately evacuating and intro-
ducing nitrogen 30, 19

Apparatus, for bromination of m-amino-
benzoic 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 distillation of diethyl methylene-
malonate, 38, 24
for distilling sulfur trioxide, 34, 87
for electrolytic reduction, 35, 22
for ion-exchange reactions, 32, 14
for low-temperature distillation,
38,72
for preparation of sodium amide,
87,77
for pyrolysis of ammonium salt of
azelaic acid, 34, 5
for pyrolytic condensation of tetra-
hydropyran with aniline, 34, 79
for reaction of ethanol with chloro-
trifluoroethylene, 34, 17
for steam distillation of a solid, 39, 24
Hershberg dropping funnel, 39, 6
Hershberg stirrer, 39, 4
Morton flask, 39, 3
Morton stirrer, 39, 5
Polytron stirrer, 39, 5
rotary evaporator, 39, 42
Stir-O-Vac, 39, 5
water separator, 39, 25
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§
Azeotrope, methyl borate-methanol,
39,5
Azeotropic distillation, 80, 30, 31; 84,
31; 88, 69
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;
38, 66
purification of, 33, 71
BENZALDEHYDE, p-AMINO, 31, 6
p-DIMETHYLAMINO-, 33, 27
Benzalmalonic acid, ethyl ester, 37, §
4-Benzal-2-phenyl-5-oxazolone, 37, §
BENzAMIDINE, N,N’-DIPHENYL-, 31, 48
N-PHENYL-, 36, 64
Benzanilide, 31, 48
BENZENE, (CHLORO-fert-BUTYL)-, 32, 90
2-CHLORO-1,3-DINITRO-, 32, 23
ETHYNYL-, 30, 72
HEXAMETHVL-, 35, 73
1,2,3-TRIMETHYL-, 34, 56
BENZENEBORONIC ACID, 39, 4
BENZENEBORONIC ANHYDRIDE 39, 3
Benzenediazonium chloride, 32, 84
Benzenesulfenyl chloride, 35, 101
Benzenesulfonyl chloride, 31, 83
9,10-0-BENZENOANTHRACENE, 9,10-
DIHYDRO-, 39, 75
Benzhydrol, 33, 11
Benzhydryl chloride, 39, 74
Benzidine, 36, 21
BENZIDINE, N,N’-DIETHYL-, 36, 21
Benzidine dihydrochloride, 86, 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
BENZOGUANAMINE, 33, 13
Benzoic acid, 32, 94; 37, 21
BENZOIC ACID, p-ACETYL-, METHYL
ESTER, 332, 81
THIO, 83, 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
BENZOPYRAZOLE, 39, 27
p-Benzoquinone, 35, 26
BENZOYLACETANILIDE, 37, 2
BENZOYLACETIC ACID, ETHYL ESTER,
37,3, 32
Benzoylation, of o-hydroxy-
acetophenone, 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; 82, 101;
37, 32; 38, 5, 59
BENZOYLCHOLINE CHLORIDE, 30, 10
BENZOYLCHOLINE IODIDE, 30, 10
Benzoylcholine picrate, 30, 13
2-Benzoyl-1-cyano-1-methyl-1,2-
dihydroisoquinoline, 38, 59, 61
Benzoyl-2-methoxy-4-nitroacetanilide,
37, 4
o-Benzoyloxyacetophenone, 32, 72
Benzoyl peroxide, 33, 96; 34, 51; 38,
9
3-BENZOYLPYRIDINE, 37, 6
4-Benzoylpyridine, 87, 7
Benzy! alcohol, 38, 3
BENZYL ALCOHOL, 0-METHYL-, 34, 58
Benzylamine, 35, 91 )
BENZYLAMINE, 2,3-DIMETHOXY-N-
METHYL, 30, 59
N,N,o-TRIMETHYL-, 34, 61
2-BENZYLAMINOPYRIDINE, 38, 3
N-Benzylaniline, 36, 22; 38, 4
Benzyl chloride, 34, 65; 38, 5
Benzyl cyanide, 31, 53; 32, 64, 65, 92
N-Benzylidenemethylamine, 34, 65
Benzyl isocyanide, 31, 54
1-Benzylisoquinoline, 38, 61
Benzylmagnesium chloride, 34, 65
3-BENZYL-3-METHYLPENTANENITRILE,
30, 8
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3-BENZYL-3-METHYLPENTANOIC ACID,
36,6
B-BENZYL-S-METHYLVALERIC ACID,
35,6
Benzylthiosulfuric acid, 82, 103
Benzyltrimethylammonium chloride,
38,5,6
BENZYLTRIMETHYLAMMONIUM
ETHOXIDE, 38, §
Benzyltrimethylammonium hydroxide,
32, 86
Benzyltrimethylammonium iodide,
34, 61
Benzyne, 39, 75
Betaine hydrochloride, 35, 28
Bibenzyl, 31, 29
BiBENZYL, 4,4’-DINITRO-, 34, 35
Bicycro[2.2.1]HEPT-2-ENE, 37, 65
[BiCcYCLOHEXYL]-1,1’-DICARBONITRILE,
32, 48
Biguanide, 38, 2
Biphenyl, 31, 29
BIPHENYL, 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
BISCHLOROMETHYL ETHER, 36, 1
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
Boric acid, methy! ester, 39, 3, 4
Boron trifluoride etherate, 38, 26;
39, 70
BOROXINE, TRIPHENYL-, 39, 3
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 cyanoacetic acid, 38, 16
of diphenyl, 31, 29
of dodecanoic acid, 37, 29
of 2-heptene, 38, 9
of isobutyric acid, 88, 29

Bromination, of malononitrile, 39, 64
of 2-methyldodecanoic acid, 38, 47
of 3-methylthiophene, 33, 96
of p-nitrotoluene, 38, 11
of pentaerythritol, 38, 68
of o-xylene, 34, 82, 100

Bromine, 30, 3; 31, 17, 29; 32, 104; 83,

99; 34, 82, 100; 36, 61, 87, 95; 37,
29,77, 38,11; 39,64

N-BROMOACETAMIDE, 31, 17

p-Bromoacetophenone, 36, 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

4-BROMO-2-HEPTENE, 38, 8

a-Bromoisobutyryl bromide, 33, 29

p-BROMOMANDELIC ACID, 35, 11

2-BROMO-3-METHYLBENZOIC ACID, 38,

11

2-Bromo-4-nitrotoluene, 38, 11, 13

1-Bromodctane, 38, 75

p-Bromophenyl isothiocyanate, 36, 57

1-(p-Bromophenyl)-3-phenyl-2-pro-

panone, 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; 38, 9,
16

5-Bromotoluquinone, 35, 27

5-Bromo-2-vinylthiophene, 38, 89

Biichner funnel, cooling jacket for,

37,25
Butadiene, 30, 93
1,3-BUTADIENE, 1-($-NITROPHENYL)-,
31, 80
1-PHENYL-, trans-, 30, 75

Butadiene monoxide, 31, 3

BuTaNE, 1,4-pr10p00-, 30, 33
1,4-pINITRO-, 34, 37

1-BUTANESULFONIC ACID, 4-HYDROXY-,

3-SULTONE, 37, 55
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2-BUTANONE, 3-ACETAMIDO-, 33, 1
4-DIETHYLAMINO-, 37, 18
2-Butene, 2,3-dinitro-, 37, 25
1-BUTEN-3-YNE, 38, 70
tert-Butyl acetate, 34, 28
n-BUTYLACETYLENE, 380, 15
tert-Butyl alcohol, 30, 19, 20; 82, 20;
38, 48
anhydrous, 34, 54, 55
N-n-Butylaniline, 36, 22; 38, 15
tert-Butylbenzene, 32, 91
tert-Butyl o-benzoylbenzoate, 34, 28
»n-Butyl bromide, 30, 16
tert-Butyl bromoacetate, 34, 28
sec-Buty!l a-bromopropionate, 35, 15, 17
sec-BUTYL a-#-CAPROYLPROPIONATE,
35, 15
tert-Butyl chloroacetate, 34, 28
tert-Butyl a-chloropropionate, 34, 28
tert-Butyl 8,8-dimethylglutarate, 34, 28
tert-Butyl esters, sensitivity to acid,
37, 36
9-n-Butylfluorene, 39, 45
tert-Butyl glutarate, 34, 28
n-BUTYL GLYOXYLATE, 35, 18
tert-BUTYL HYPOCHLORITE, 32, 20
n-Butyl iodide, 30, 34
1-Butylisoquinoline, 38, 61
Butylketene dimer, 31, 71
tert-Butyl 2-methylenedodecanoate,
38, 48, 51
p-tert-Butylphenyl salicylate, 32, 26
n-Butylpropiolaldehyde diethyl acetal,
39, 60
tert-Butyl succinate, 34, 28
2-Buryn-1-01L, 35, 20
BUTYRCHLORAL, 33, 15
BUTYRIC ACID, a,y-DICYANO-a-PHENYL-,
ETHYL ESTER, 30, 80
a-NITRO-, ETHYL ESTER, 37, 44
y-Butyrolactone, 35, 95; 37, 47; 38, 19

Calcium carbide, 82, 70

Calcium carbonate, 32, 81
Calcium cyanamide, 84, 67; 86, 10
Calcium formate, 81, 102

Calcium hydride, 84, 55; 87, 60
Calcium hypochlorite, 38, 33
y-Caprilactone, 34, 53

Caproaldehyde, a-ethyl-, 37, 38
CAPROIC ACID, e-AMINO, 32, 13
e-Caprolactam, 31, 72; 32, 15
e-CAPROLACTIM, O-METHYL-, 81, 72
n-Capronitrile, 85, 15
CAPRONITRILE, -ETHYL, 32, 65
Caproy] chloride, 81, 71
CARBAMYL CHLORIDE, DIETHYLTHIO-,
35, 55
CARBANILINONITRILE, 0-CHLORO, 31, 19
CARBAZOLE, 1,2,3 4-TETRARYDRO, 30, 90
B-CARBETHOXY-7v,y-DIPHENYLVINYL-
ACETIC ACID, 30, 18
p-Carbomethoxybenzaldehyde, 30, 100
8-Carbomethoxyvaleryl chloride, 38, 39
Carbon disulfide, 30, 57; 39, 8, 78
CARBONIC ACID, TRITHIO-, BIS(CARBOX Y-
METHYL) ESTER, 39, 77
Carbonic-carboxylic anhydrides, 387, 21
Carbon monoxide, 34, 14
Carbon oxysulfide, 32, 103
Carbon tetrachloride, 32, 27; 37, 8
Carbonylation, of pyrogallol-1,3-di-
methyl ether with hexa-
methylenetetramine, 31, 92
of pyrrole with dimethylformamide,
36, 74
of thiophene with N-methylforman-
ilide, 31, 108
o-Carboxycinnamic acid, 34, 8
2-Carboxy-3,5-dichlorophenyl
diazonium chloride, 31, 97
2-CARBOXYHYDROCINNAMIC ACID, 84, 8
3-Carboxy-4-hydroxyquinoline, 37, 5
4-(o-Carboxyphenyl)-5,6-benzo-
coumarin, 34, 10
B-(0-CARBOXYPHENYL)PROPIONIC ACID,
34, 8
Catalyst, alumina, 34, 79; 35, 73
ammonium acetate, 31, 25, 27
boron trifluoride etherate, 38, 26
copper chromite, 31, 32; 36, 12
copper powder in quinoline for
pyrolytic decarboxylation,
389, 47
cupric acetate monohydrate, 38, 14
cuprous oxide-silver oxide, 86, 36, 37
ferric nitrate, hydrated, 81, 53
phosphoric acid, 38, 25
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Catalyst, piperidine, 31, 35
piperidine acetate, 31, 57
Raney nickel, 36, 21; 38, 22
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 cyanoacetic acid, 38, 18
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
Chloroacetic acid, 39, 78
a-Chloroacetoacetic acid, ethyl ester,
33, 43, 45
CHLOROACETONITRILE, 30, 22
2-Chloro-4-aminophenol, 85, 27
0-Chloroaniline, 31, 21; 38, 14
#-Chloroaniline, 38, 29
0-Chloroaniline thiocyanate, 31, 21
3-(0-CHLOROANILINO)PROPIONITRILE,
38, 14
Chlorobenzene, 30, 96; 31, 45
CHLORO-p-BENZOQUINONE, 35, 22
N-CHLOROBETAINYL CHLORIDE, 35, 28
3-Chloro-2-buten-1-o0l, 35, 20
a-Chlorocrotonaldehyde, 33, 16
2-Chlorocyclohexanol, 32, 40
2-Chlorocyclohexanone, conversion
into methyl cyclopentanecar-
boxylate, 39, 37
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, 36, 14
Chloromethylation, 80, 68
2-CHLORO-2-METHYLCYCLOHEXANONE,
37, 8

2-Chloromethyl-4,6-diamino-s-triazine,
38, 2
1-Chloromethylnaphthalene, 30, 67, 68
2-CHLORONICOTINONITRILE, 37, 12
m-Chloronitrobenzene, electrolytic
reduction, 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
a-CHLOROPHENYLACETIC ACID, 36, 3
4-Chlorophenylacetonitrile, 35, 31;
36, 52
0-CHLOROPHENYLCYANAMIDE, 31, 19
2-Chlorophenylhydroquinone, 34, 4
0-Chlorophenylhydroxylamine, 35, 25
o-Chlorophenyl isothiocyanate, 36, 57
a-(4-CHLOROPHENYL)-y-PHENYLACETO-
ACETONITRILE, 35, 30, 32
1-(p-CHLOROPHENYL)-3-PHENYL-2-
PROPANONE, 35, 32
o-Chlorophenyl salicylate, 32, 26
p-CHLOROPHENYL SALICYLATE, 32, 25
0-CHLOROPHENYLTHIOUREA, 31, 19, 21
o-Chlorophenylurea, 31, 10
Chloropicrin, 32, 68
2-CHLOROPYRIMIDINE, 35, 34, 58
N-Chlorosuccinimide, 38, 18
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
5-Chloro-2-vinylthiophene, 38, 89
3,4-seco-A5-CHOLESTEN-3,4-DIOIC ACID,
85, 38
A*-CHOLESTEN-3,6-DIONE, 35, 36
A*-CHOLESTEN-3-ONE, 35, 39, 43
AS-CHOLESTEN-3-ONF, 85, 43
Cholesterol, 388, 36, 10, 43
CHOLINE CHLORIDE, BIENZOATE, 30, 10
CHOLINE 10DIDE, BENZOATE, 30, 10
Chromatographic alumina, 87, 75
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Chromatographic purification, 39, 76

Chromatography, gas, 39, 42

Chromic oxide, 31, 4; 32, 6; 33, 50;
34,76

Chromium oxide, 32, 81

Chromium trioxide, 36, 58, 59, 67

Cinnamaldehyde, 30, 75, 77; 33, 60;
39, 57

CINNAMALDEHYDE, 0-NITRO, 38, 60

CINNAMIC ACID, @-CYANO-f3-METHYL-,
ETHYL ESTER, 39, 25
2,3-DIMETHOXY-, 31, 35
a-PHENYL, 33, 70, 88
Cinnamic acid dibromide, 33, 98, 99
Cleavage of tetrahydrofuran, 30, 27, 33
Collidine, 37, 9
Condensation, of acetoacetic ester, acid
catalyzed, 32, 76
of acetone, in the Mannich reaction,
37,18
with ethyl formate, 32, 32
of acetophenone with ethyl cyano-
acetate, 39, 25
of p-aminoacetanilide and trithio-
carbodiglycolic acid, 39, 1
of 2-amino-5-nitroanisole and ethyl
benzoylacetate, 37, 4
of aniline and ethyl benzoylacetate,
37,3
of aniline and tetrahydropyran, 34, 79
of aniline and triphenyl carbinol,
30, 5
of benzene with butyrolactone, 35, 95
of benzhydryl chloride with dipheny!-
acetonitrile, 39, 74
of benzoyl chloride and ethyl aceto-
acetate, 37, 32
of benzyl cyanide and
benzophenone, 31, 52
of carbon tetrachloride with phos-
phorus trichloride, 37, 82
of 1-chloro-1-nitropropane by alkali,
87,23
of 4-chlorophenylacetonitrile with
ethyl phenylacctate, 36, 31
of cyclohexanone, with cyanoacetic
acid, 81, 25~
with ethyl chloroncetate, 84, 54
with ethy! formate, 89, 27

Condensation, with sodium cyanide and
hydrazine, 32, 50

of dichloracetic acid with sodium
ethoxide, 35, 59

of diethyl carbonate and phenyl-
acetonitrile, 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 4,4-dimethoxy-2-butanone with
methyl chloroacetate, 39, 49
of ethyl acetoacetate with 2,3-di-
methoxybenzaldehyde, 31, 56
of ethyl cyanoacetate, with aceto-
phenone, 39, 25
with urea, 37, 15
of ethylene with dicyclopentadiene,
37, 65
of ethyl ethoxymethylene-
cyanoacetate with thiourea,
39, 34
of ethyl (1-phenylethylidene)-
cyanoacetate with cyanoacet-
amide, 39, 53
of formaldehyde with cyclohexanone,
31,101
of guanidine with ethyl cyanoacetate,
32, 45
of hydrazine, with benzil, 34, 42
with 2-hydroxymethylene-
cyclohexanone, 39, 28 )
of malic acid to coumalic acid, 31,
23
of malonic ester, 33, 23
of methylamine with benzaldehyde,
34, 65
of methyl ethyl ketone with ethyl cy-
anoacetate and ammonia, 36, 28
of nicotinyl chloride and benzene,
37,6
of o-nitrobenzaldehyde with phenyl
acetic acid, 36, 89
of nitrocthane with o-methoxybenzal-
dchydc, 85, 74
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Condensation, of paraldehyde with
diethyl malonate, 32, 54
of a-phenethyl chloride with
diphenylacetonitrile, 39, 74
of phenylacetylene with ethyl
orthoformate, 39, 59
of 1-phenylbiguanide with ethyl
chloroacetate, 38, 1
of potassium diphenylacetonitrile
with benzyl chloride, 39, 73
of potassium trithiocarbonate with
potassium chloroacetate, 39, 77
of sodium acetylacetonate to
tetraacetylethane, 39, 61
of sodium formylacetone with cyano-
acetamide, 32, 32
of tetracyanoethylene with N,N-
dimethylaniline, 39, 68
of thiophene, paraldehyde, and hydro-
gen chloride, 38, 86
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, 81, 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; 39, 65
in quinoline for pyrolytic decar-
boxylation, 39, 47
COUMALIC ACID, 31, 23; 36, 44
4,6-DIMETHYL-, 32, 76
ETHYL ESTER, 32, 76
methyl ester, 36, 44
Coumarilic acid, 3-methyl-, 33, 44
ethyl ester, 33, 43
Countercurrent extraction, Kies appa-
ratus for, 37, 30
Coupling, of acetylacetone to tetra-
acetylethane, 39, 62
of benzenediazonium chloride with
acetoacetic acid, 32, 84

Coupling, of diazotized p-aminoaceto-

phenone with quinone, 34, 1

of diazotized 3,5-dichloro-2-aminoben-
zoic acid to give 4,4',6,6-tetra-
chlorodiphenic acid, 31, 96

of dibromomalononitrile to
tetracyanoethylene, 39, 65

of diphenyldichloromethane to tetra-

phenylethylene, 31, 104
Creased flask, 37, 55
Creoso1, 33, 17
Crotonaldehyde, 33, 15; 34, 29

diethyl acetal, 32, 5
reaction with ethynylmagnesiunﬁ

bromide, 39, 57
Cupric acetate monohydrate, 36, 77
Cuprous oxide-silver oxide, 36, 36, 37
Cyanamide, 34, 67; 36, 8
Cyanoacetamide, 32, 34; 39, 53
Cyanoacetic acid, 81, 25; 38, 16, 18
Cyanoacetylurea, 37, 16
p-Cyanobenzaldehyde, 30, 100
p-Cyanobenzaldiacetate, 36, 59
1-Cyano-2-benzoyl-1,2-dihydroiso-

quinoline, 38, 58
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 o-chloroaniline, 38, 14
of ethyl phenylcyanoacetate, 30, 80
N-2-Cyanoethyl-m-chloroaniline,

36,7
Cyanogen, 32, 31
CYANOGEN IODIDE, 32, 29

complex with sodium iodide, 32, 31
N-Cyanoguanidine, 35, 69
Cyanohydrin formation, 83, 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
Cyclic thiocther formation (p-dithianc),

39, 23
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Cyclization, 2-amino-4-anilino-6-
(chloromethyl)-s-triazine from
1-phenylbiguanide hydrochloride
and ethyl chloroacetate, 38, 1

B-aminoethylsulfuric acid to ethyl-
enimine, 30, 38
1,2-benzo-3,4-dihydrocarbazole from
phenylhydrazine and a-tetralone,
30, 91
o-benzoyloxyacetophenone, 82, 73
o-carboxycinnamic acid to phthalide-
acetic acid, 34, 10
1,4-dichlorobutane to tetrahydrothio-
phene, 36, 89
1,7-dichloro-4-heptanone to dicyclo-
propy! ketone, 38, 20
dimethyl glyoxime to dimethyl-
furazan, 34, 40
3,5-dimethylpyrazole from acetyl-
acetone 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
catalyzed, 32, 72
malic acid to coumalic acid, 31, 23
2-mercaptobenzimidazole from
o-phenylenediamine, 30, 56
2-mercaptobenzoxazole from o-amino-
phenol, 30, 57
methyl cyclopropyl ketone from
5-chloro-2-pentanone, 31, 74
2-methyl-2,5-decanediol to 5,5-di-
methyl-2-n-tetrahydrofuran,
38, 25
methyl 5,5-dimethoxy-3-methyl-
2,3-epoxypentanoate, 39, 49
1-methyl-3-ethyloxindole from
N-methyl-a-bromo-#-butyran-
ilide, 30, 63
2-methylquinoxaline from o-phenyl-
enediamine, 30, 88
a-phenoxyacetoacetic acid, 33, 43
quinoxaline from o-phenylenedi-
amine, 30, 86
schacoin from dimethyl sebacate,
36,79

Cyclization, 1,2,3,4-tetrahydrocarbazole
from phenylhydrazine and cyclo-
hexanone, 30, 90

of 1,2,4-trihydroxybutane to 3-hy-
droxytetrahydrofuran, 38, 37

Cyclobutanecarboxylic acid, 33, 24

1,1-CYCLOBUTANEDICARBOXYLIC ACID,
DIETHYL ESTER, 33, 23

Cyclodecane, 86, 15

1,2-CYCLODECANEDIOL (c¢is and frans),
36, 12

1,2-CYCLODECANEDIONE, 36, 77

CYCLODECANONE, 38, 14

HYDROXY-, 36, 79

semicarbazone, 36, 15
CYCLOHEPTANONE, 34, 19, 24

2-PHENYL, 35, 91

CYCLOHEXANE, METHYLENE-, 39, 40

Al®_ CYCLOHEXANEACETIC ACID,
«-CYANO-, 31, 25, 26

CYCLOHEXANECARBONITRILE, 1,1'-
AZODI-, 32, 16

1,1"-EYDRAZODI-, 32, 50

Cyclohexanecarboxylic acid, 39, 19

acid chloride, 39, 19
1,2-CYCLOHEXANEDICARBOXYLIC ACID,
DIETHYL ESTER cis-, 30, 29

Cyclohexanedione, 32, 35

1,2-CYCLOHEXANEDIONEDIOXIME, 32, 35

CYCLOHEXANEMETHYLAMINE, N,N-
DIMETHYL-, 39, 19

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
condensation with ethyl formate,
39, 27

CYCLOHEXANONE, 2-CHLORO-2-METHYL-,

37,8
2,3-eP0xY-3,5,5-TRIMETHYL-, 37, 58
2-methyl-, 37, 8, 10

Cyclohexanone oxime, 32, 15

Cyclohexene, 81, 66

1-Cyclohexene-1-acetonitrile, 31, 25, 26

4-CYCLOHEXENE-1,2-DICARBOXYLIC AN-
HYDRIDE, cis-, 80, 93

Cyclohexene oxide, 83, 39, 40
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CYCLOHEXENE SULFIDE, 32, 39
2-CYCLOHEXENONE, 2-METHYL-, 37, 8
1-CYCLOHEXENYLACETONITRILE, 31, 25,
26
Cyclohexylidenecyanoacetic acid, 381,
25, 26
Cyclohexylmethylacetylene, reaction
with triethyl orthoformate,
39, 60
Cyclohexylmethylpropiolaldehyde
diethyl acetal, 39, 60
1,2-Cyclononanedione, 36, 78
Cyclopentadiene, 32, 41; 36, 32, 35
CYCLOPENTANECARBOXYLIC ACID,
METHYL ESTER, 39, 37
CYCLOPENTANOL, 2-CHLORO-, {rans-,
30, 24
CYCLOPENTANONE, 2,4,4-TRIMETHYL-,
39, 70
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
of dibromomalononitrile-potassium
bromide complex, 39, 64
2,5-DECANEDIOL, 2-METHYL-, 38, 41
Decarbonylation (deformylation), of
a-ethoxalylstearate, 34, 14
of B-keto aldehyde, 39, 70
of 2,4,4-trimethyl-2-formyl-
cyclopentanone, 39, 70
Decarboxylation, of enanthylsuccinic
acid, 34, 53
of isodehydroacetic acid, 32, 57
of 3-methylcoumarilic acid, 33, 44
of 3-methyl-2-furoic acid, 39, 47
of m-nitrocinnamic acid, 33, 62
of phenylcinnamic acid, 33, 88
Dechlorination of 1,1-dichloro-2,2-
difluoroethylene, 36, 19
Decomposition, of N,N-dimethylcyclo-
hexylmethylamine oxide to
methylenecyclohexane, 39, 40
of o-nitrophenylazide to benzo-
furazan oxide, 31, 14

f
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n-Decyl bromide, 38, 49
n-Decyl fluoride, 36, 42
Decylketene dimer, 31, 68
Dehydration, of benzeneboronic acid
39,4
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
chloride, 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 mono-
hydrate, 36, 91
Dehydrobromination, of 2-bromo-
dodecanoic acid, 37, 29
of 10,11-dibromohendecanoic acid
with sodium amide, 32, 104
of 9,10-dibromodctadecanoic acid
with sodium amide, 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, 385, 20; 38, 70
of 1-(p-nitrophenyl)-4-chloro-2-
butene, 31, 80
with collidine, 87, 9
with lithium chloride, 37, 10
with pyridine, 38, 87
Dehydrogenation, of hydrazo com-
pounds with bromine, 32, 16
of 4,5,6,7-tetrahydroindazole, 39, 28
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,
38, 49
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Dialuric acid monohydrate, 33, 6
2,5-D1aMINO-3,4-DICYANOTHIOPHENE,

39, 8
2,4-DIAMINO-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-amyl ketone, 31, 71
2,4-Di-tert-amylphenoxyacetyl chloride,

37, 69
N,N’-Diarylformamidines, 31, 51
D1AZOMETHANE, 34, 24, 99; 36, 16
Diazotization, of p-aminoacetophenone,

34,1

of 2-aminopyrimidine, 35, 34
of 3-amino-2,4,6-tribromobenzoic
acid, 86, 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
Dibenzalpentaerythritol, 38, 67
Dibenzeneborinic acid, 39, 4
Dibenzoyl disulfide, 32, 103
Dibenzoyl sulfide, 32, 103
N,N’-Dibenzyl-p-phenylenediamine,

38,4
N,N-Dibromoacetamide, 31, 18
DIBROMOACETONITRILE, 38, 16
4,4'-Dibromobibenzyl, 31, 29
a,o’-Dibromobibenzyl, 31, 30
4,4’-DIBROMOBIPHENYL, 31, 29
Sa,68-DIBROMOCHOLESTAN-3-ONE,

35, 45
2,6-Dibromocyclohexanone, 32, 38
a,8-Dibromoethyl ethyl ether, 36, 61
10,11-Dibromohendecanoic acid, 32, 105
DIBROMOMALONONITRILE-POTASSIUM

BROMIDE COMPLEX, 39, 64
Dibromopentaerythritol, 38, 70
Dibromostearic acid, 37, 77
N,N’-Dibutylbenzidine, 36, 22
Di-n-BUTYLDIVINYLTIN, 39, 10
Di-tert-suTyl. MALONATE, 33, 20; 34,

26

Di-n-butyl d-tartrate, 35, 19
Di-n-butyltin dichloride, 39, 10
Dibutyrolactone, 38, 19
N,N’-Dicarbethoxyputrescine, 36, 72
Dichloroacetaldehyde, 32, 48
Dichloroacetic acid, 32, 47; 86, 60
Dichloroacetonitrile, 88, 18
Dichloroacetyl chloride, 32, 46
3,5-Dichloro-2-aminobenzoic acid,

31, 96
1,4-Dichlorobutane, 36, 89
1,3-Dichloro-2-butene, 35, 20; 38, 71
p-Di(chloro-tert-butyl)benzene, 32, 91
4,4’-DICHLORODIBUTYL ETHER, 30, 27
1,1-DICELORO-2,2-DIFLUOROETHYLENE,

36, 19
2,2-DICHLOROETHANOL, 32, 46
1,7-Dichloro-4-heptanone, 38, 21
2,6-Dichloro-4-methylpyrimidine,

35, 82
1,1-Dichloro-1-nitroethane, 87, 25
2,5-Dichloroquinone, 36, 26
Dicyandiamide, 33, 13; 35, 69
1,1’-DicvaNo-1,1-BICYCLOHEXYL,

32, 48
1,2-D1-1-(1-CYANO)CYCLOHEXYL-

HYDRAZINE, 32, 16, 50
a,a’-Dicyano-B-ethyl-3-methylglu-

tarimide, 36, 29
DICYANOKETENE ETHYLENE ACETAL,

39, 13
1,2-Di-2-(2-cyano)propylhydrazine,

32, 51
Dicyclopentadiene, 32, 41; 36, 33; 87, 65
DICYCLOPROPYL KETONE, 38, 19
DiELS AcID, 35, 38
Diels-Alder reaction, of acrolein with

n-butyl cyclohexenyl ether, n-

buty! vinyl ether, and ethyl iso-

propenyl ether, 34, 30

of butadiene with maleic anhydride,
30, 93

of ethylene with dicyclopentadiene,
37, 65

of ethyl vinyl ether with acrolein,
benzalacetone, benzalacctophe-
none, cinnamaldehyde, croton-
aldehyde, a-ethyl-g8-n-propyl-
acrolein, B-furylacrolein, meth
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acrolein, 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-DIETHYLAMINO-3-BUTANONE, 37, 18
3-Diethylaminopropionitrile, 36, 7
Diethylaniline, 31, 111
Diethylaniline hydrochloride, 31, 112
Diethyl benzalmalonate, 30, 84
N,N-Diethylbenzenesulfenamide,

385, 101
N,N’-DIETEYLBENZIDINE, 36, 21
DIETHYL BENZOYLMALONATE, 37, 20
Diethyl bromoacetal, 35, 52, 53
Diethy! carbonate, 30, 44
DIETHYL CETYLMALONATE, 34, 13
Diethylchloroacetal, 34, 46
Diethylcyanamide, 36, 25
DIETHYL A%.-CYCLOPENTENYLMALONATE,

32, 52
Diethylene glycol, 31, 83; 34, 32
Diethyl ethoxymethylenemalonate, 38,

22,23
DIETHYL ETHVLIDENEMALONATE, 32, 54
Diethyl ethylphosphonate, 31, 34
Diethyl fumarate, 30, 46
DIETHYL HEPTANOYLSUCCINATE, 34, 51
DIETHYL ¢i5-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; 38, 53

benzoylation of, 37, 20
DIETHEYL MERCAPTOACETAL, 35, 51
DIETHYL METHVLENEMALONATE, 38, 22
Diethyl methylmalonate, 38, 49
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 ¢is-A*TETRAHYDRO-
PHTHALATE, 30, 29
DIETHYLTHIOCARBAMYL CHLORIDE,
35, 55
3,4-DIHYDRO-2-METHOXY-4-METHYL-
2H-pYRAN, 34, 29, 71
3,4-D1aYDRO-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-DIEYDROX YPHENYL)ACETOPHE-
NONE, 34, I
Dihydroxystearic acid, 37, 69
9,10-DIEYDROXYSTEARIC ACID, 39, 15
high melting isomer, 39, 18
low melting isomer, 39, 15
1,4-D1IODOBUTANE, 30, 33; 34, 37
1,6-DIIODOBEXANE, 31, 31; 34, 38
1,5-Diiodopentane, 34, 39
1,3-Diiodopropane, 34, 38
D11SOBUTYLTHIOCARBAMYL CHLORIDE,
35, 57
Diisopropyl ethylphosphonate, 31, 34
DISOPROPYL METHYLPHOSPHONATE,
31, 33
DIISOPROPYLTHIOCARBAMYL CHLORIDE,
35, 57
Dimerization of styrene, 35, 83
Dimethoxybenzaldehyde, 30, 60; 31,
35, 55
4,4-Dimethoxy-2-butanone, 39, 49
2,3-DIMETHOXYCINNAMIC ACID, 31, 35
2,3-Dimethoxyphenylacetamide, 32, 94
3,4-Dimethoxyphenylacetamide, 32, 94
DIMETHYL ACETYLENEDICARBOXYLATE,

32, 55
Dimethylamine, aqueous, 32, 61; 38,
57
reaction with 2-chloropyrimidine,
35, 58
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Dimethylamine, reaction with cyclo-
hexanecarbozxylic acid chloride,
39, 20
reaction with formaldehyde and 2-
methylfuran, 35, 78
B-Dimethylaminoethanol, 31, 37
B-DIMETHYLAMINOETHYL CHLORIDE
HYDROCHLORIDE, 31, 37
2-(DIMETHYLAMINO)PYRIMIDINE, 35, 58
Dimethylaniline, 33, 20, 27; 39, 68
2,3-Dimethylbenzyl acetate, 34, 60
2,3-Dimethylbenzyl alcohol, 34, 60
2,3-Dimethylbenzyldimethylamine,
34, 63
2,3-Dimethylbenzylethyldimethyl-
ammonium bromide, 34, 60
2,3-Dimethylbenzyltrimethyl-
ammonium iodide, 34, 56, 63
2,3-Dimethyl-2-butene, 31, 67
4,6-DIMETHYLCOUMALIN, 32, 57
Dimethylcyanamide, 32, 62; 36, 24
N,N-DIMETHYLCYCLOHEXANECAR-
BOXAMIDE, 39, 19
N,N-DIMETHYLCYCLOHEXYLMETHYL-
AMINE, 39, 19, 40
N,N-Dimethylcyclohexylmethyl-
amine-N-oxide, 39, 43
Di-(2-methylcyclopropyl) ketone, 38, 21
Dimethylformamide, 33, 27; 86, 74, 89;
37, 10, 44; 39, 68
in formylation of indole, 39, 31
Dimethyl fumarate, 30, 47
DIMETHYLFURAZAN, 34, 40
8,8-DIMETHYLGLUTARIC ACID, 31, 40
Dimethylglyoxime, 34, 40
Dimethyl hendecanedioate, 38, 55
Dimethyl ¢is-hexahydrophthalate,
30, 32
N,N-DIMETHYLHYDROXYLAMINE
HYDROCHLORIDE, 39, 40
2,3-Dimethyl-2-iodobutane, 31, 67
DIMETHYL KETENE, 33, 29
DIMETHYL MERCAPTOACETAL, 35, 54
2,4-Dimethyl-2-pentacosenoic acid,
38, 46
5,5-DIMETHYL-2-#-PENTYLTETRAHYDRO-
FURAN, 38, 25
3,5-DIMETHYLPYRAZOLE, 81, 43
4,6-Dimethyl-1,2-pyronc, 33, 78

5,5-Dimethyl-2-pyrrolidone, 32, 59;
33, 33
Dimethyl sebacate, 36, 79
N,N-DIMETHYLSELENOUREA, 36, 23
Dimethyl sulfate, 31, 72, 91; 38, 62
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
$,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
1,3-DI0XOLANE-AZ*-MALONONITRILE,
39, 13
Dipentaerythritol, 31, 84
dl-DIPHENIC ACID, 4,4,6,6’-TETRA-
CHLORO-, 31, 96
DIPHENYLACETALDEBYDE, 38, 26
Diphenylacetamidine, 31, 51
a,v-Diphenylacetoacetonitrile, 35, 32
Diphenylacetonitrile, 39, 73
DIPHENYLACETYLENE, 34, 42
1,4-DIPHENYL-5-AMINO-1,2,3-TRIAZOLE,
37, 26
N,N’-Diphenylbenzamidine, 31, 48
Diphenylbenzamidine hydrochloride,
31, 49
o,3-DIPHENYLCINNAMONITRILE, 31, 52
Diphenyldichloromethane, 31, 104
N,N’-Diphenylformamidine, 35, 65
1,3-Diphenyl-2-propanone, 35, 33
DIPERENYL SUCCINATE, 34, 44
a,o’-DIPHENYLSUCCINONITRILE, 32, 63
meso-o,a’-DIPHENYLSUCCINONITRILE,
32, 64
Diphenylsulfoxide, 87, 7
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Disodium 1,2-ethanedithiol, 39, 23
Disodium monohydrogen phosphate
dodecahydrate, 34, 83; 37, 74
Distillation, steam, of p-dithiane,
39, 23
Distillation apparatus, 31, 70
low-temperature, 38, 72
p-DITHIANE, 39, 23
2,4-DITHIOBIURET, 35, 70
Di-p-tolylacetylene, 34, 43
Dodecanoic acid, 37, 29
2-bromo-, 37, 29
2-methyl-, 88, 43, 47, 49
DODECANOIC ACID, 2-METHYLENE, 38,
47
2-Dodecenoic acid, 2-methyl-, 38, 49,
50
trans-2-DODECENOIC ACID, 37, 27
2-METHYL-, 38, 43
3-Dodecenoic acid, 37, 31
DODECYLAMINE, N-METHYL-, 36, 48
n-Dodecyl fluoride, 36, 42
Doebner reaction, 31, 35
Drying methods, diethyl phthalate,
31,2
magnesium ethoxide, 31, 2
Duicin, 31, 10

Elaidic acid, 39, 15
ELECTROLYTIC APPARATUS, 35, 22
Electrolytic reduction of o-chloronitro-
benzene, 35, 23
Emulsion, minimizing of, 87, 31
Enanthaldehyde, 34, 51
ENANTHALDEHYDE, e-METHYL-$3-0XO-,
DIMETHYL ACETAL, 32,79
Enanthic acid, e-oxo, 31, 3
Epichlorohydrin, 81, 1
Epoxidation of trans-stilbene with per-
acetic acid, 38, 83
a,a’-EPOXYBIBENZYL, 38, 83
Esterification, by azeotropic distillation
with toluene, 30, 30, 31
of coumalic acid with methanol, 36,44
of diethoxyacetic acid, 36, 59
of ethanol with phosphorus tri-
chloride, 31, 111
of hendecanedioic acid with methanol,
38, 55

Esterification, of malonic acid with iso-
butylene, 34, 26
of mandelic acid with ethanol, 86, 3
of monoethyl malonate with iso-
butylene, 37, 35
of pentaerythritol with benzene-
sulfonyl chloride, 31, 82
of potassium acid salt of acetylene-
dicarbozxylic 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 a-
bromopropionate 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; 39, 23
ErHANOL, 2,2-DICHLORO-, 32, 46
Ethanolysis, 33, 25
ETHENETETRACARBONITRILE, 39, 64
ETHENETRICARBONITRILE, $-
DIMETHYLAMINOPHENYL-, 39, 68
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 diethyl 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; 87, 32
Ethyl a-acetyl-B-(2,3-dimethoxy-
phenyl)acrylate, 81, 56, 58
Fthyl a-acetyl-8-(3,4-dimcthoxy-
phenyl)acrylate, 81, 58

SUBJECT

ETHYL @-ACETYL-8-(2,3-DIMETHOXY-
PHENYL)PROPIONATE, 31, 56
Ethy! a-acetyl-8-(3,4-dimethoxy-
phenyl)propionate, 31, 58
ETHYLAMINE, 2-CHLORO-N,N-DI-
METHYL-, HYDROCHLORIDE, 31, 37
N-METHYL-1,2-DIPHENYL-, 34, 64
reaction with chloroform, 35, 64
N-Ethylaniline, 36, 22; 38, 31
Ethyl benzalmalonate, 37, 5
ETHYL BENZOYLACETATE, 32, 85; 37, 3,
32
EraYL N-BENZYLCARBAMATE, 35, 91
ETHYL 3-BENZYL-2-CYANO-3-METHYL-
PENTANOATE, 35, 7
Ethyl bromide, 84, 58; 36, 87
Ethyl a-bromobutyrate, 37, 44
Ethyl a-bromopropionate, 35, 17; 37,
38
ETHYL sec-BUTYLIDENECYANOACETATE,
35,7
ETHYL fert-BUTYLMALONATE, 37, 34
O-Ethylcaprolactim, 31, 73
Ethyl a-n-caproylpropionate, 35, 18
Ethyl chloroacetate, 30, 7; 34, 54; 38, 1
N-ETHYL-p-CHLOROANILINE, 38, 29
Ethyl chlorocarbonate, 35, 91; 37, 21
ETHYL CHLOROFLUOROACETATE, 34, 49
N-ETHYL-$-CHLOROFORMANILIDE, 38, 29
Ethyl g-chloroisocrotonate, 32, 78
Ethyl a-chlorophenylacetate, 36, 3
N-Ethyl-p-chlorophenylformimidate,
38, 31
Ethyl cyanoacetate, 32, 45; 85, 7; 36,
29; 87, 15
conversion into ethyl (1-phenyl-
ethylidene)cyanoacetate, 39, 25
Ethyl 2-cyano-3-ethyl-3-methylpen-
tanoate, 35, 10
Ethyl 2-cyano-3-methyl-3-phenyl-
pentanoate, 35, 10
ETHYL DIAZOACETATE, 36, 25
Lthyl dichloroacetate, 32, 47
ETHYL DIETHOXYACETATE, 38, 59
ETHYL ENANTHYLSUCCINATE, 34, 51
Iithylene, 32, 100; 37, 65
[THYLENE, 1,1-DICHLORO-2,2-
DIFLUORO-, 36, 19
TITRAPHENY L-, 31, 104
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ETHYLENE ACETAL, DICYANOKETENE-,
39, 13
Ethylene chloride, 34, 85, 86
Ethylene chlorohydrin, 30, 11; 33, 11
Ethylene dibromide, 30, 35
reaction with disodium 1,2-
ethanedithiol, 39, 23
Ethylene diisothiuronium bromide,
30, 36
Ethylene glycol, 39, 13
drying of, 37, 42
monomethyl ether, 32, 43
ETHYLENESULFONYL CHLORIDE, 2-
PHENYL-, 34, 85
ETHYLENIMINE, 30, 38
toxic properties of, 30, 40
Ethyl o-ethoxybenzoate, 32, 75
Ethyl ethoxymethylenecyanoacetate,
39, 34
Ethyl 4-ethyl-2-methyl-3-hydroxy-
octanoate, 37, 39, 40
Ethyl 4-ethyl-2-methyl-2-octenoate,
37, 39, 41
Ethyl 4-ethyl-2-methyl-3-octenoate,
317, 39, 41
9-Ethylfluorene, 39, 45
Ethyl formate, 32, 32
condensation with cyclohexanone,
39, 27
Ethyl glycidyl ether, 31,3
Ethyl glycinate hydrochloride, 36, 26
Ethyl glyoxylate, 35, 19
2-Ethylhexanal, 37, 38
2-Ethylhexanaldoxime, 32, 67
2-Ethylhexanamide, 32, 65
2-Ethylhexanenitrile, 32, 65
2-Ethylhexanoic acid, 32, 66
Ethy! hydrogen malonate, 37, 34
4-Ethyl-4-hydroxy-2-methyloctanoic
acid, y-lactone, 37, 40
Ethylidene bromide, 32, 55
Ethyliodide, 31, 34
reaction with silver cyanide, 35, 63
reaction with silver formanilide,
35, 66
ETHYL ISOCYANIDE, 36, 62
[STHYE 1SODEHYDROACETATE, 38, 76
Iithyl lactate, 31, 59, 60
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Ethylmagnesium bromide, 36, 87;
39, 56

Ethyl mandelate, 36, 3

Ethyl N-methylcarbamate, 35, 94

B-ETHYL-B-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

ethyl ester, 37, 39, 41

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

5-ETHYL-2-METHYLPYRIDINE, 30, 41

ETHYL N-NITRO-N-BENZYLCARBAMATE,
35, 92

ETHYL a-NITROBUTYRATE, 37, 44

Ethyl a-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; 38, 29; 39, 59

Ethyl orthosilicate, 32, 5

ETHYL 8,8-PENTAMETHYLENEGLYCI-
DATE, 34, 54

Ethyl phenylacetate, 35, 31

Ethyl phenylazoacetoacetate, 32, 85

ETHYL PHENVLCYANOACETATE,
30, 43, 80

Ethyl B-phenyl-8-cyanopropionate,
30, 84

p-Ethylphenyldichlorophosphine, 31, 89

EtHYL (1-PHENYLETHYLIDENE)-
CYANOACETATE, 39, 25, 53

ErayL N-PHENYLFORMIMIDATE, 35, 65

Ethyl phenylpropiolate, 32, 75

ETHYL PHOSPHITE, 31, 111

ETHYL PYRUVATE, 31, 59

Ethyl stearate, 34, 13

N-Ethyl-m-toluidine, 38, 31

Ethyl vinyl ether, 87, 75

1-Ethynylcyclohexanol, 385, 2

1,1"-ETHYNYLENE-}i$s-CYCLOHEXANOL,
32,70

ETHYNVLMAGNESIUM BROMIDE, 39, 56
reaction with acrolein, 39, 58
with aldehydes and ketones, 39, 57
with crotonaldehyde, 39, 58
with methy! ethyl ketone, 39, 58
Extraction apparatus, Kies, 87, 30
Extractor, continuous, 30, 4

Favorskil rearrangement of 2-chloro-
cyclohexanone, 39, 37
Ferric chloride, 36, 31; 37, 77
Ferric nitrate hydrate, 39, 73
FERROCENE, 36, 31, 34
Ferrous chloride solution in tetrahy-
drofuran, 36, 31, 34
Fischer indole synthesis, of 1,2-benzo-
3,4-dihydrocarbazole, 30, 91
of 1,2,3 4-tetrahydrocarbazole, 30, 90
FLavoNE, 82, 72
Flavylium chloride, 32, 75
Flow meter, 34, 7
Fluorene, 34, 32; 39, 44
FLUORENE, 9-METHYL-, 39, 43
9-Fluorenecarboxylic acid, 33, 37
o-Fluorobromobenzene, 39, 75
o-Fluorophenylmagnesium bromide,
39,75
a-(4-Fluorophenyl)-y-phenylaceto-
acetonitrile, 35, 32
1-(p-FLUOROPHENYL)-3-PHENYL-2-
PROPANONE, 35, 33
Formaldehyde, 30, 51; 33, 72; 36, 1
Formic acid, 39, 15
FORMIMIDIC ACID, N-PHENYL-, ETHYL
ESTER, 35, 65
Formylation, of cyclohexanone with
ethyl formate, 39, 27
of indole with dimethylformamide,
39, 31
a-Formylethyl methyl ketone, 32, 34
Formyl isobutyl ketone, 32, 34
5-FORMYL-4-PHENANTHROIC ACID, 38, 32
2-Formyl-2,4,4-trimethylcyclo-
pentanone, 39, 71
Friedel-Crafts reaction, 30, 1; 31, 88;
32, 10
with nicotinyl chloride and benzene,
37,6
Fumaramide, 80,:46
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FUMARONITRILE, 30, 46
FuraN, 3-HYDROXY-1,2,3,4-TETRA-
HYDRO-, 38, 37
3-METHYL-, 39, 46
TETRAHYDRO-2,2-DIMETHYL-3-
PENTYL-, 38, 25
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
FURFURYLAMINE, N,N,5-TRIMETHYL-,
35, 78
Furfuryl chloride, 35, 68
2-Furfuryl disulfide, 35, 68
S-2-Furfurylisothiourea, 35, 67
2-FURFURYL MERCAPTAN, 35, 66
2-FuroIcC ACID, 36, 36
3-METHYL-, 39, 46
METHYL ESTER, 39, 49
Furylacrylic acid, 33, 25
Fusion, caustic, of vanillin, 30, 103

Gas chromatography, 39, 42
Glutaraldehyde, 37, 74, 75
GLUTARIC ACID, 30, 48; 37, 47
B,8-DIMETHYL-, 31, 40
3-ETHYL-3-METHYL, 36, 28
3-METHYL-3-PHENYL-, 39, 54
Glutaric acid monoamide, 387, 47
GLUTARIC ANHYDRIDE, 3-METHYL, 38, 52
«-PHENYL, 30, 81
GLUTARIMIDE, 37, 47
2,4-DICYANO-3-METHYL-3-PHENYL-,
39, 52
Glycerol, 32, 72
Glycerol-a,y-dichlorohydrin, 31, 2
Glycidic ester, condensation, 34, 54
synthesis, 39, 49
Glycine, 33, 1
1,2-Glycol formation from stearic acid,
39, 15
Glyoxal-sodium bisulfite, 30, 86
GLYOXYLIC ACID, #-BUTYL ESTER, 35, 18
ETHYL ESTER, DIETHYL ACETAL, 88, 59
Grignard reaction, acctophenone with
cthynylmagnesium hromide,
89, S8

Grignard reaction, acrolein with ethyny!
magnesium bromide, 89, S8
addition to ethyl sec-butylidene
cyanoacetate, 86, 7
allylmagnesium bromide with a,8li-
bromoethyl ethyl ether, 86, 61
allylmagnesium chloride with «,8-di-
bromoethyl ethyl ether, 86, 63
cinnamaldehyde with ethynyl-
magnesium bromide, 39, 56
crotonaldehyde with ethynyl-
magnesium bromide, 39, 58
di-z-butyltin with vinylmagnesium
bromide, 39, 10
ethylmagnesium bromide with tin
tetrachloride, 36, 86
methyl borate with phenylmag-
nesium bromide, 39, 3
N-methyl-1,2-diphenylethylamine,
34, 64
methylmagnesium bromide with -
nonanoic lactone, 38, 41
trans-methylstyrylcarbinol, 30, 77
tetraphenylarsonium chloride hydro-
chloride, 30, 97
triptycene from o-fluorophenyl-
magnesium bromide and
anthracene, 39, 75
Guanidine, 32, 96
Guanidine hydrochloride, 32, 45
GUANYLTHIOUREA, 35, 69
D-GULONIC ACID, y-LACTONE, 36, 38

Half ester, of malonic acid, 37, 34
of undecanedioic acid, 38, 55
Heating tape, 37, 4, 68
Heat transfer salt, 37, 49
Hell-Volhard-Zelinsky reaction, 33, 29;
37,29
HEMIMELLITENE, 34, 56
HENDECANEDIOIC ACID, 38, 34, 55
HENDECYNOIC ACID, 32, 104
n-HEPTAMIDE, 37, 50
n-Heptanoic acid, 37, 50
2-Heptene, 38, 9
4-BROMO-, 38, 8
1-HEPTEN-3-ONE, 1-CHLORO-6-MI:TITYL-,
32, 27
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n-Heptylamine, 37, 52

3-n-HEPTYL-5-CYANOCYTOSINE, 37, 52

2-Heptyl-5,5-dimethyltetrahydrofuran,
38, 26

9-n-Heptylfluorene, 39, 45

n-Heptyl fluoride, 36, 42

N-n-Heptylurea, 37, 52

3-n-Heptylureidomethylenemalononi-
trile, 37, 52

HEXADECANOIC ACID, 2-SULFO-, 36, 83

n-Hexadecy! 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-chloropro-
pionyl)-s-triazine, 30, 52

Hexahydro-1,3,5-trimethacrylyl-s-tria-
zine, 30, 52

HEXAHRYDRO-1,3,5-TRIPROPIONYL-S-
TRIAZINE, 30, 51

HEXAMETHYLBENZENE, 35, 73

Hexamethylenediamine, 31, 62

Hexamethylenediammonium chloride,
31, 62

HEXAMETHYLENE DIISOCYANATE, 31,
62, 63

Hexamethylenetetramine, 30, 67; 31,
92; 33,93

HEexANE, 1,6-p110D0-, 31, 31

1-FLUORO-, 36, 40

1,6-Hexanediol, 31, 31

1,6-HEXANEDIOL DIISOCYANATE, 31, 62

2,5-HEXANEDIONE, 3,4-DIACETYL-,
39, 61

1-Hezxene, 31, 67

3-HEXENE, 3,4-DINITRO-, 37, 23

2-Hexen-5-yn-4-o0l, 39, 58

n-Hexylacetylene, 30, 17

n-Hexyl alcohol, 36, 42

N-Hexylaniline, 36, 23

n-Hexyl bromide, 36, 41

9-n-Hexylfluorene, 39, 45

n-HEXYL FLUORIDE, 36, 40

1-Hexyne, 30, 15

Hofmann degradation, 30, 3; 39, 42

Hydration of 1-ethynylcyclohexanol,
35,1
Hydrazine hydrate, 34, 42; 36, 69;
38, 34
in tetrahydroindazole synthesis,
39, 28
Hydrazine sulfate, 31, 43; 32, 50
Hydrazinolysis of diethyl adipate, 36,
69
Hydrazoic acid, 31, 16
2,2’-Hydrazo-bis-isobutyronitrile, 32, 51
HYDROCINNAMIC ACID, a-ACETYL-2,3-
DIMETHOXY-, 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 diethyl ethoxymethylenemalonate
over Raney nickel, 38, 22
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, 84, 31;
36, 12
over palladium, 30, 32; 31, 57
over platinum, 30, 30, 32
over Raney nickel for reductive
alkylation, 30, 60, 61
Hydrogen chloride, 32, 42, 44; 34, 3, 66,
68; 36, 5, 63; 38, 86
Hydrogen cyanide, 33, 7; 38, 12;
39, 64
Hydrogen fluoride, catalyst for alkyla-
tions, 32, 91
Hydrogen iodide, 31, 32
Hydrogenolysis of 2-thio-6-methyl-
uracil, 36, 81
Hydrogen peroxide, 30, 97; 36, 55; 37,
58, 63; 39, 15
assay, 39, 17
in amine oxide formation, 39, 40
in oxidation of N,N-dimcthylcyclo-
hexylmethylamine, 39, 40
ITydrogen sclenide, 36, 24
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Hydrogen sulfide, 30, 65; 31, 106; 32,
103; 39, 8, 77
in pyridine, 32, 103; 39, 8
Hydrolysis, amide to acid, 38, 7
and decarbozxylation, of a-acetyl-
v-butyrolactone, 31, 74
of an acylmalonic ester, 30, 71
of 2-benzoyl-1-cyano-1-methyl-1,2-
dihydroisoquinoline, 38, 60
of a-phenyl-a-carbethoxyglutaro-
nitrile, 30, 81
of triethyl a-phthalimidoethane-
a,a,B-tricarboxylate, 30, 8
nitrile to amide, 33, 7
of 2-p-acetylphenylhydroquinone
diacetate, 34, 1
of benzyl cyanide, 32, 92
of 3-benzyl-3-methylpentanenitrile,
35, 8
of tert-butyl 2-methylenedodecanoate,
38, 48
of a-(4-chlorophenyl)-y-phenylaceto-
acetonitrile, 35, 32
of 2-chloro-1,1,2-trifluoroethyl ethyl
ether, 34, 49
of a,a’-dicyano-g-ethyi-g8-methyl-
glutarimide, 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 N-ethyl-p-chloroformanilide, 38, 30
of ethyl enanthylsuccinate, 34, 53
of ethyl B-phenyl-8-cyanopropionate,
30, 84
of hydroxyformoxystearic acid,
39, 16
of o-methylbenzyl acetate, 34, 58
of methyl 3-methyl-2-furoate, 39, 47
of B-methyl-B-phenyl-a,o’-
dicyanoglutarimide, 39, 54
of y-phenylallylsuccinic anhydride,
31, 85 )
of a,a,a,a’-tetrabromo-o-xylene to o-
phthalaldchyde, 34, 83
of p,a,a-tribromoacetophenone, 38, 11
partial, of dimethyl hendecancedioate,
38, 56

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
SULTONE, 37, 55
2-Hydroxycyclodecanone, 36, 79
2-Hydroxycyclononanone, 36, 78
o-Hydroxydibenzoylmethane, 32, 74
B-Hydroxyethylphthalimide, 32, 19
Hydroxyformoxystearic acids, 39, 16
HyproxyLAMINE, N,N-DIMETHYL-,
HYDROCHLORIDE, 39, 40
Hydroxylammonium chloride, 32, 36
Hydroxylation, of elaidic acid, 39, 18
of oleic acid, 39, 15
Hydroxymethylation of cyclohexanone,
31, 101
2-HYDROXYMETHYLENECYCLOHEX-
ANONE, 39, 27, 28
1-(2-Hydroxy-1-naphthyl)urea, 31, 13
6-HYDROXYNICOTINIC ACID, 36, 44
2-Hydroxypyrimidine hydrochloride,
35, 35
3-HYDROXYTETRAHYDROFURAN, 38, 37
8-Hydroxyvaleraldehyde, 30, 48, 50
Hypophosphorous acid, 36, 96

5-Imino-2,2-dimethylpyrrolidine, 32, 60

INDAZOLE, 39, 27

Indole, conversion into indole-3-
aldehyde, 39, 31

INDOLE-3-ALDEHYDE, 39, 30

3-INDOLECARBOXALDEHYDE, 39, 30

Todination, of thiophene, 30, 53

of veratrole, 36, 46

Todine, 30, 53; 32, 29, 31; 36, 47; 39, 61

IODOCYCLOHEXANE, 31, 32, 66

2-Todoethyl benzoate, 30, 11

2-Iodohexane, 31, 67

p-Iodomandelic acid, 35, 14

Todometric determination of active
oxygen, 34,92

2-TIodo-5-nitrothiophene, 30, 55

1-lodopropane, 81, 32

2-loboTHIOPHENT, 80, 53; 85, 85
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4-JIODOVERATROLE, 36, 46

Ton exchange in the preparation of e-
aminocaproic acid, 82, 13

Ton-exchange resin, 37, 55, 56

IRON, DICYCLOPENTADIENYL-, 36, 30, 34

Iron powder, 36, 31; 38, 11

Isoamylacetylene, 30, 17

N-Isoamylaniline, 36, 23; 38, 31

2H-ISOAZEPINE, 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-Tsonitrosocyclohexanone, 32, 38

Isophorone, 37, 58

ISOPHORONE OXIDE, 37, 58; 39, 70

Isopropyl alcohol, 31, 112

Isopropyl iodide, 30, 34; 31, 33

p-Isopropylphenylacetamide, 32, 94

p-Isopropylphenyldichlorophosphine,
31, 89

Isoquinoline, 38, 59

1-METHYL-, 38, 58

Isoquinolines, 1-substituted, 38, 61

ISOTHIOCYANIC ACID, 1-NAPHTHYL
ESTER, 36, 56

ITACONYL CHLORIDE, 33, 41

Japp-Klingemann reaction, 32, 85

Ketal from ethylene glycol, 39, 13

B-Ketobutyraldehyde, dimethyl acetal,
32, 80; 39, 50

v-Ketocapric acid, 34, 53

6-KETORHENDECANEDIOIC ACID, 38, 34, 38

2-Ketohexamethylenimine, 32, 13

B-KETO-ISOOCTALDEHYDE DIMETHYL
ACETAL, 33,79

KETONE, 9-ANTHRYL METHYL, 30, I
CYCLOPROPYL, 38, 19
CYCLOPROPYL METHYL, 31, 74
1-HYDROXYCYCLOHEXYL METHYL,

35, 1
PHENYL-3-PYRIDYL, 37, 6
Ketone synthesis, 33, 84
Kies extraction apparatus, 37, 30

y-Lactones, formation from B,y-un-
saturated 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 amides by, 39, 20
reduction of disulfides by, 35, 54
Lithium chloride, as dehydrochlorinat-
ing agent, 37, 10
Lithium metal, 37, 80

Magnesium, 30, 70, 97; 34, 65; 36,
61, 87;39,75
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
DERIVATIVE, 32, 95
Malonic acid, 31, 35; 33, 20, 62; 34, 26
MALONIC ACID, BENZOYL, DIETHYL
ESTER, 37, 20
CETYL-, DIETHYL ESTER, 34, 13
DI-{ert-BUTYL ESTER, 34, 26
ethyl half ester, 87, 34
ETHYLIDENE, DIETHYL ESTER, 38, 54
ETHYL lerl-BUTYL ESTER, 37, 34
METHYLENE-, DIETHYL ESTER, 38, 22
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Malonic ester, acylation by o-nitro-

benzoyl chloride, 30, 70
ethoxymagnesium derivative, solu-

tion of, 30, 70; 37, 20

Malonic ester syntheses, 30, 7

Malononitrile, 37, 53; 39, 64

Malonyl dichloride, 33, 20

Mandelic acid, 36, 3

p-bromo-, 35, 11

Mannich reaction, with acetone, 37, 18

MERCAPTOACETALDEHYDE, DIETHYL
ACETAL, 86, 51

2-M ERCAPTO-4-AMINO-5-CARBETHOX Y-
PYRIMIDINE, 39, 34

2-M ERCAPTOBENZIMIDAZOLE, 30, 56

2-Mercaptobenzozazole, 30, 57

2-MERCAPTO-4-HYDROXY-5-CYANO-
PYRIMIDINE, 39, 34

Mercuric cyanide, 82, 31

Mercuric oxide, 34,42; 36,48

Methally! chloride, 32, 90

. METHANE, DIAZO-, 36, 16

METHANESPHOSPHONIC ACID, DIISO-
PROPYL 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
$-METHOXYPHENYLACETONITRILE,
36, 50
2-(m-Methoxyphenyl)cycloheptanone,
35, 94
2-(0-Methoxyphenyl)cycloheptanone,
35, 94
2-(p-Methoxyphenyl)cycloheptanone,
35, 94
1-(0-METHOXYPHENYL)-2-NITRO-1-PRO-
PENE, 36, 74
1-(p-Methoxyphenyl)-3-phenyl-2-pro-
panone, 36, 33
p-Methoxyphenylurea, 81, 10, 13
Methoxyquinone, 36, 27
METRYL p-ACETYLBENZOATE, 82, 81
Methy! acrylate, 80, 65; 32, 86
v-Methylallophanate, methyl, 82, 62
Methylamine, 80, 60; 84, 65, 97

Methylamine hydrochloride, 37, 74

4’-Methyl-2-aminobenzophenone, 32, 12

N-METHYLAMINOPYRIMIDINE, 35, 59

N-Methylaniline, 30, 62; 81, 110; 38,
31

N-Methylarylamines, preparation by
reductive alkylation, 30, 59, 60

Methylation, of e-caprolactam, 31, 72

of fluorene, 39, 44
of quinacetophenone, with dimethyl
sulfate, 31, 91
with methyl iodide, 31, 90

2-Methyl-3,1,4-benzoxaz-4-one, 32, 12

o-Methylbenzyl acetate, 34, 58

0-METHYLBENZYL ALCOHOL, 34, 58

2-METHYLBENZYLDIMETHYLAMINE,
34, 61

2-Methylbenzylethyldimethylam-
monium bromide, 34, 58

2-Methylbenzyltrimethylammonium
iodide, 34, 63

Methyl borate, 39, 3, 4

Methyl bromide, 38, 41

N-Methyl-a-bromo-z-butyranilide,
30, 63

O-METHYLCAPROLACTIM, 31, 72

Methyl Cellosolve, 32, 43

Methyl chloride, 32, 22

Methyl chloroacetate, 39, 49

N-Methyl-p-chloroaniline, 38, 31

Methyl coumalate, 36, 44

Methyl crotonate, 88, 53

2-Methylcyclohexanol, 31, 4; 37, 10

2-Methylcyclohexanone, 387, 8, 10

1-Methylcyclohexene, chromato-
graphic test for, using silver
nitrate, 39, 42

2-METHYL-2-CYCLOHEXENONE, 37, 8

METHYL CYCLOPENTANECARBOXYLATE,
39, 37

METHYL CYCLOPROPYL KETONE, 31,
74,75

2-METHYL-2,5-DECANEDIOL, 38, 41, 25

N-METHYL-2,3-DIMETHOXYBENZYL-
AMINE, 80, 59

METHYL 5,5-DIMETHOXY-3-METHYL-
2,3-EPOXYPENTANOATE, 39, 49

Mecthyl 5,5-dimethoxy-3-phenyl-2,3-
epoxypentanoate, 39, 51
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N-METHYL-1,2-DIPHENYLETHYLAMINE
AND HYDROCHLORIDE, 34, 64
2-Methyldodecanoic acid, 38, 43, 47, 49
2-Methyl-2-dodecenoic acid, 38, 49, 50
trans-2-METHYL-2-DODECENOIC ACID,
38, 43
2-Methyl-2-eicosenoic acid, 38, 46
METHYLENECYCLOHEXANE, 39, 40
2-METHYLENEDODECANOIC ACID, 38, 47
Methyl p-ethylbenzoate, 32, 82
Methyl ethyl ketone, 36, 29
reaction with ethynylmagnesium
bromide, 39, 58
1-METHYL-3-ETHYLOXINDOLE, 30, 62
9-METHYLFLUORENE, 39, 43
N-Methylformanilide, 31, 109
2-Methylfuran, 35, 78
3-METHYLFURAN, 39, 46
5-METHYLFURFURYLDIMETHYLAMINE,
35,78
3-METHYL-2-FUROIC ACID, 39, 46
B-Methylglutaraldehyde, 34, 72; 35, 88
B-Methylglutaric acid, 35, 88
B-METHYLGLUTARIC ANHYDRIDE, 38, 52
METHYLGLYOXAL-w-PHENYLHYDRA~
ZONE, 32, 84
2-Methyl-2-hexacosenoic acid, 38, 46
Methyl hydrogen adipate, 38, 39
METHYL HYDROGEN HENDECANEDIOATE,
38, 55
Methyl hydrogen -methylglutarate,
38, 54
4-METHYL-6-HYDROX YPYRIMIDINE,
35, 80
Methyl iodide, 81, 33, 90; 34, 61; 38, 59
2-Methyl-1-iodopropane, 31, 32
2-Methyl-2-iodopropane, 81, 32
1-METHYLISOQUINOLINE, 38, 58
METHYLISOUREA HYDROCHLORIDE,
34, 67
N-Methyllauramide, 36, 49
Methylmagnesium bromide, 30, 75; 38,
26, 42
Methyl ¢is-2-methyldodecenoate, 38, 45
Methyl 2-methylenedodecanoate, 38, 45
METHYL 3-METHYL-2-FUROATE, 39,
46, 49
METHYL y-METHYL~y-NITROVALERATE,
82, 59, 86

N-Methylmyristamide, 36, 49
Methylmyristylamine, 36, 49
3-METHYL-4-NITROPYRIDINE-1-OXIDE,
36, 53
Methylnonylamine, 36, 49
Methyl orthoformate, 38, 31
3-METHYLOXINDOLE, 37, 60
N-Methylpelargonamide, 36, 49
3-METHYL-1,5-PENTANEDIOL, 34, 71;
35, 87
3-Methyl-4-pentyn-3-ol, 39, 58
p-Methylphenylacetamide, 32, 94
2-(o-Methylphenyl)cycloheptanone,
35, 94
2-(p-Methylphenyl)cycloheptanone,
35, 94
B-METHYL-B-PHENYL-,ct’-DICYANO-
GLUTARIMIDE, 39, 52, 54
B-METEYL-B-PHENYLGLUTARIC ACID,
39, 54
1-METHYL-3-PHENYLINDANE, 35, 83
Methyl phenyl sulfone, 38, 63
2-Methyl-5,6-pyrazinedicarboxylic 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-Methylthio-6-methyluracil, 36, 82
3-Methylthiophene, 33, 96; 34, 73
1-(p-Methylthiophenyl)-3-phenyl-2-
propanone, 35, 33
N-Methyl-p-toluenesulfonamide, 34, 97
N-Methyl-m-toluidine, 38, 31
METHYL $-TOLYL SULFONE, 38, 62
2-Methy!-2,5-undecanediol, 38, 26
B-METHYL-§-VALEROLACTONE, 35, 87
Methyl vinyl ether, 34, 29
Methyl vinyl ketone, 37, 19
Michael condensation, between diethyl
malonate and methyl crotonate,
38, 53
between 3-nitropropane and methyl
acrylate, 32, 86
MONOBENZALPENTAKRYTHRITOL, 88, 65

SUBJECT INDEX

MONOBRROMC DP=ENTAERYTHRITOL, 38, 68
Monochloromar -ca, 30, 24, 25, 26
Monocthanoml_imine, 32, 19
Monocthyl ®n alonate, 37, 34
MONOVINYL _ACCETYLENE, 38, 70
Mucobromic= aacid, 32, 95

1-NAPHTHAL _D=EHYDE, 30, 67, 68
Naphthalene=, 33, 50
Naphthalenee- 1,5-disulfonic acid, 32, 88
NAPHTHALE WN"E-1,5-DISULFONYL CHLO-
RIDE, 3R2, 88; 33, 47
1,5-NAPHTH _A™LENEDITHIOL, 33, 47
1(2H)-NAPIEMTHALENONE, 3,4-DIHYDRO-,
35, 9=
1-Naphthol,, =87, 80
5,8-dihyd mre=>-, 37, 81
1-NapgrHom—., 5,6,7,8-TETRAHYDRO-,
37, S«
2-Naphthol - =32, 11, 100; 34, 9
1,4-NAPHTH-_-O=QUINONE, 33, 50
1-Naphthyl saccetamide, 32, 94
a-Naphthylecysanamide, 31, 20
B-Naphthyl e=thyl ether, 32, 97
a-NAPHTHY M, ISOTHIOCYANATE, 36, 56
B-Naphthyl issothiocyanate, 36, 57
B-Naphthyl mmethyl ether, 32, 100
a-Naphthyl plhenylacetylene, 34, 43
a-Naphthyl —tliourea, 36, 56
NEOPHYL CE=IMLORIDE, 32, 90
Niacinamid =, 37, 64
Nickel, dicyc lopentadienyl-, 36, 35
Nicotinamicde, 30, 3; 33, 52; 37, 63
NICOTINAMM D=E-1-OXIDE, 37, 12, 63
Nicotinic ac—ied, 37, 6
NICOTINIC _-ACTID, 6-HYDROXY-, 36, 44
NICOTINONE_T RILE, 33, §2
2-CHLORCO=-_ 37, 12
1,2-DIRYTDR=0-6-METHYL-2-0X0-, 32, 32
Nicotinyl cBnl oride, 37, 6
Nioxime, 3==22, 36
Nitration, cf anthracene, 31, 77
of chloroEBenzene,. 31, 45
of cinnamm=ldehyde, 33, 60
of 3-metEny=Ipyridine-1-oxide, 36, 53
of o-tolui «dmine, 36, 3
of veratr=1l dehyde, 83, 65
Nitric acid,. 30, 48
concentra 1t_ed, 81, 78
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Nitric acid, fuming, 36, 53
0-NITROACETOPHENONE, 30, 70
p-Nitroacetophenone, 30, 71
Nitroalkanes, preparation of, 38, 75
m-Nitroaniline, 33, 56
o-Nitroaniline, 31, 14; 87, 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
p-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-dihydroanthra-
cene, 31, 78
m-Nitrocinnamic acid, 33, 62
a-Nitro esters, 37, 46
Nitroethane, 35, 74
Nitrogen, drying with phosphorus
pentoxide, 39, 5
oxygen-free, 33, 5
1-(Nitromethyl)cyclohexanol, 34, 20
sodio derivative, 34, 20
1-NITROOCTANE, 38, 75
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-methy!-p-toluenesulfonamide,
34, 97
a-Nitroso-g-naphthol, as antioxidant,
38, 87
m-Nitrostyrene, 33, 62
o-Nitrotoluene, 36, 58
p-Nitrotoluene, 31, 6; 34, 35; 36, 58;
88, 11
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Nitrourea, 32, 61
y-Nonanoic lactone, 38, 42
n-Nonyl fluoride, 36, 42
NORBORNYLENE, 37, 65

OCTADECANOIC ACID, 9,10-DIHYDROXY-,
39, 15
9-n-Octadecylfluorene, 39, 45
9-OCTADECYNOIC ACID, 37, 77
OCTANE, 1-NITRO-, 38, 75
OCTANOIC ACID, 2-METHYL-3-0X0-, sec-
BUTYL ESTER, 35, 15
1-Octanol, 38, 75
2-OCTENOIC ACID, 4-ETHYL-2-METHYL-,
317, 37
Octyl alcohol, 34, 3
n-Octyl fluoride, 36, 42
1-Octyl nitrite, 38, 75
Olefins from amine oxides, 39, 41, 42
Oleic acid, 37, 66, 68, 77; 39, 15
OLEOYL CHLORIDE, 37, 66
ORTHOCARBONIC ACID, TETRAETHYL
ESTER, 32, 68
1-OxASPIRO(2,5]0OCTANE-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 amine with hydrogen peroxide,
39, 40
of an a-hydroxyketone to an a-di-
ketone, 36, 77
of benzil dihydrazone with mercuric
oxide, 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 ethy! 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 carboxy! group, 30, 49
of isophorone with peroxide, 37, 58
of methone to glutaric acid, 31, 40
of 2-methylcyclohexanol, 31, 3; 37, 10

Oxidation, of 2-methylquinoxaline to
2-methylpyrazine-5,6-dicar-
boxylic 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, 87, 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-pyrazinedicar-
boxylic acid, 30, 87

of sebacoin, 36, 77

of tetralin by oxygen, 84, 90

of thenaldehyde, 33, 94

of triphenylarsine to triphenylarsine
oxide, 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-aminobenzal-
dehyde, 31, 6
OXINDOLE, 3-ETHYL-1-METHYL, 30, 62
3-METHYL-, 37, 60
Ozone, 38, 32
Ozonolysis of pyrene, 38, 32

Palladium on charcoal catalyst, 37, 81;
39, 28
Palmitic acid, 36, 83; 37, 69
Palmitonitrile, 32, 67
Palmitoy! chloride, 37, 69
PARABANIC 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;
38, 86
1,4-PENTADIENE, 36, 60; 38, 78
Pentaerythritol, 31, 83; 38, 66, 68
PENTAERYTHRITOL, MONOBENZAL-,
38, 65
MONOBROMONYDRIN, 38, 68
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Pentaerythrityl benzenesulfonate,
31, 83
PENTAERYTHRITYL TETRABROMIDE,
31, 82
1,5-Pentanediol, 38, 80
1,5-PENTANEDIOL, 3-METHYL-, 34, 71
1,5-Pentanediol diacetate, 88, 79, 80
2,4-Pentanedione, 39, 61
4-Penten-1-ol acetate, 38, 80
1-Penten-4-yn-3-ol, 39, 58
1-PENTEN-4-YN-3-01, {-PHENYL-, 39, 56
3-Penty! a-bromopropionate, 85, 17
9-n-Pentylfluorene, 39, 45
4-PENTYN-1-01, 38, 68
Peracetic acid, 33, 79; 34, 8, 10; 38, 84
Performic acid ¢n situ, 39, 15
Phenanthrene, 84, 76
PHENANTHRENE, 9,10-DIHYDRO-, 34, 31
Phenanthrene, purification, 34, 31, 32
PHENANTHRENEQUINONE, 34, 76
sodium bisulfite adduct, 34, 77
4-PHENANTHROIC ACID, 5-FORMYL-,
38, 32
9-Phenanthryl isothiocyanate, 36, 57
p-Phenetidine hydrochloride, 31, 11
Phenol, 34, 44
reaction with methanol, 35, 73
a-Phenoxyacetoacetic acid, 33, 44
Phenylacetamide, 82, 92
Phenylacetic acid, 32, 93, 94; 33, 70,
35, 89
imino ether hydrochloride, 32, 94
N-Phenylacetimidochloride, 81, 51
Phenylacetonitrile, 30, 44; 32, 92; 37,
26
Phenylacetylene, 30, 72; 39, 59
v-PEENYLALLYLSUCCINIC ACID, 31, 85
v-Phenylallylsuccinic anhydride, 31, 86
4-PHENYL-5-ANILINO-1,2,3-TRIAZOLE,
37, 27
Phenyl azide, 31, 16; 37, 26
Phenylazoacetoacetic acid, 32, 85
N-PHENYLBENZAMIDINE, 36, 64
Phenyl benzoate, 32, 103
1-Phenylbiguanide, 38, 1
1-Phenylbiguanide hydrochloride, 38, 1
a-Phenyl-y-(4-bromophenyaceto-
acctonitrile, 88, 32
trans-1-Puenve-1,3-puTAnpIENE, 80, 75

vy-Phenylbutyric acid, 83, 91; 35, 96
v-Phenylbutyryl chloride, 35, 96
a-PHENYL-a-CARBETHOXYGLUTARONI-
TRILE, 30, 80, 82
a-Phenylcinnamonitrile, 82, 63
2-PHENYLCYCLOHEPTANONE, 35, 91
Phenyldiazomethane, 85, 94
Phenyldichlorophosphine, 31, 88
0-PHENYLENE CARBONATE, 33, 74
o-Phenylenediamine, 30, 56, 86
a-Phenylethyl chloride, 39, 74
Phenylethynyl n-butyl dimethyl ketal,
39, 60
Phenylethynyl methyl diethyl ketal,
39, 60
a-Phenylglutaric acid, 30, 82
«-PHENYLGLUTARIC ANHYDRIDE, 30, 81
Phenyl glycidy! 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
Phenyllithium, 38, 59
Phenylmagnesium bromide, 30, 97; 31,
86; 32, 103; 39, 3, 4
a-Phenyl-y-(4-methoxyphenyl)aceto-
acetonitrile, 36, 32
a-Phenyl-y-(4-methylphenyl)aceto-
acetonitrile, 35, 32
a-Phenyl-y-(4-methylthiophenyl)aceto-
acetonitrile, 36, 32
1-PHENYL-1-PENTEN-4-YN-3-01, 39, 56
a-Phenyl-y-phenylacetoacetonitrile,
36, 32
o-Phenylphenyl salicylate, 32, 26
p-Phenylphenyl salicylate, 32, 26
1-PHENYLPIPERIDINE, 34, 79
PHENYLPROPARGYL ALDEHYDE DIETHYL
ACETAL, 39, 59
PHENYLSUCCINIC ACID, 30, 83
Phenylsuccinic anhydride, 30, 85
Phenylthiourea, 31, 22
Phenyl p-tolyl sulfone, 32, 10
v-Phenylvaleric acid, 35, 97
v-Phenylvaleryl chloride, 36, 97
Phloroglucinol, 87, 44
Phosgene, 81, 62; 82, 26; 33, 74
PHOSPHINF, DICIILOROPHENYL-, 31, 88
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Phosphoric acid, 31, 66
ortho-, 30, 33, 34; 81, 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; 317, 12, 39; 39, 30

Phosphorus pentachloride, 31, 48, 104;
32, 10, 26, 75, 88; 33, 41, 91;
34, 86; 37, 12

Phosphorus pentozxide, 30, 22, 46; 33,
52; 36,91

Phosphorus trichloride, 31, 88, 111; 32,
26; 37, 82

0-PHTHALALDERYDE, 34, 82

Phthalic acid, 32, 67

Phthalic anhydride, 382, 19

Phthalide, 38, 81

Phthalideacetic acid, 34, 10

PHTHALIMIDE, N-2-BROMOETHYL-, 32, I8

a-PHTHALIMIDO-0-TOLUIC ACID, 38, 81

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

3-Picoline-1-oxide, 36, 54

PIMELIC ACID, y-OXO-, DIETHYL ESTER,
33, 25

PIPERIDINE, 1-PHENYL-, 34, 79

Piperidine acetate, 32, 33

Platinum black in peroxide decompo-
sition, 39, 40

Potassium, 30, 19, 20; 34, 54

directions for safe handling of, 30, 20

Potassium acid acetylenedicarboxylate,
32, 55

POTASSIUM AMIDE, 39, 73

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

Potassium Zert-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 xanthate, 30, 56

Potassium fluoride, 36, 40

Potassium hypochlorite, 38, 32

Potassium iodide, 80, 34; 81, 31, 66

Potassium metal, 37, 29, 30
Potassium methy! sulfate, 31, 73
Potassium nitrate, 81, 46
Potassium 1-nitropropylnitronate,
37,24
Potassium oxalate, 34, 83
Potassium permanganate, 30, 87; 31, 59
Potassium phthalimide, 38, 81
Potassium sulfide, 32, 103
Potassium thiobenzoate, 32, 101
Potassium thiocarbonate, 39, 78
Potassium thiocyanate, 32, 39, 40
Potassium trithiocarbonate, 39, 78
Prins reaction, 33, 72
PrOPANE, 1,3-DIBROMO-2,2-bis-(BROMO-
METHYL)-, 31, 82
1,3-PROPANEDIOL, 2-BROMOMETHYL-2-
HYDROXYMETHYL-, 38, 68
1-PROPANOL, 3-PHENYL-, 33, 76
2-PROPANONE, 1-(p-CHLOROPHENYL)-
3-PHENYL-, 85, 32
1-(0-METHOXYPHENYL)-, 35, 74
Propargyl alcohol, 36, 67
PROPIOLALDEHYDE, 36, 66
PHENYL-, DIETHYL ACETAL, 39, 59
PrOPIONIC ACID, $3,8’-THIODI-,
DIMETHYL ESTER, 30, 65
Propionic anhydride, 37, 60
Propionitrile, 30, 51
PROPIONITRILE, $-ANILINO-, 36, 6
3-0-CHLOROANILINO-, 38, 14
2,2,3-TRIPHENYL-, 39, 73
B-Propionylphenylhydrazine, 37, 60
n-Propylacetylene, 30, 17
N-Propylaniline, 36, 22
N-Propylbutylamine, 36, 23
Propylene oxide, 31, 3
9-n-Propylfluorene, 39, 45
PROPYNAL, 36, 66
Propynyl magnesium bromide, 35, 21
PSEUDOPELLETIERINE, 37, 73
PSEUDOUREA, 2-METHYL-, HYDROCHLO-
RIDE, 34, 67
PUTRESCINE DIHYDROCHLORIDE, 36, 69
2H-PYrAN, 3,4-DIHYDRO-2-METHOXY-
4-METHYL-, 34, 29, 71
2,3-PYRAZINEDICARBOXYLIC ACID, 30, 86
PyRrAZOLE, 3,5-DIMETIIYL-, 31, 43
Pyrazolines, 32, 78
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5-Pyrazolone from sec-butyl a-n-cap-
roylpropionate, 35, 17
Pyrene, 38, 32
1-Pyrenyl isothiocyanate, 36, 57
Pyridine, 33, 79
as isomerizing agent for triazoles,
317, 27
PYRIDINE, 3-AMINO-, 30, 3
2-BENZYLAMINO-, 38, 3
S5-ETHYL-2-METHYL-, 30, 41
3-Pyridinecarboxylic acid, 37, 6
PyRrIDINE-N-OXIDE, 33, 79
PYRIMIDINE, 2-CHLORO-, 35, 34
2-DIMETHYLAMINO, 35, 58
5-PYRIMIDINECARBONITRILE,
4-BYDROXY-2-MERCAPTO-, 39, 34
S-PYRIMIDINECARBOXYLIC ACID,
4-AMINO-2-MERCAPTO-, ETHYL
ESTER, 39, 34
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-dimethyl ether, 31, 92
Pyrolysis, apparatus for, 38, 78
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 cyclopenta-
diene, 32, 41
of dimethylglyoxime in the presence
of succinic anhydride, 34, 40
of ethyl a-ethoxalylstearate, 34, 14
of fluorene with sodium alcolates,
39, 45
of glycidic ester, 39, 50
of 1,5-pentanediol diacetate to 1,4-
pentadiene, 38, 78
of sodium methylsuccinate with phos-
phorus heptasulfide, 34, 73
of tetrahydropyran and aniline, 34, 79
Pyrrole, 86, 75
PYRROLEALDENYDE, 36, 74
Pyrrolidine, 88, 36
PYRROLIDINE, 2,2-DIMETHYL-, 82, 59
1-PYRROLIDINEACETIC ACID, a-METHYL,
ETHYL KSTER, 38, 35, 83

PYRROLIDINEETHANOL, B-METHYL-,
33, 82

2-PYRROLIDONE, 5,5-DIMETHYL-, 32, §9

Pyruvic acid, 81, 59, 61

PYRUVIC ACID, ETHYL ESTER, 31, 59

PYRUVIC ALDEHYDE, 1-PHENYLHYDRA-
ZONE, 32, 84

Pyruvic aldehyde-sodium bisulfite,
30, 88

Quaternary ammonium salt, benzoy!-
choline chloride and iodide, 80,
10

Quinacetophenone, 31, 90

Quinacetophenone dimethyl ether,
31, 91

Quinacetophenone monomethyl cther,
31, 90

Quinoline, 33, 88; 38, 44; 89, 47

Quinone, 34, 2

p-QUINONE, CHLORO-, 35, 22

Quinoxaline, 30, 86, 87

Raney nickel catalyst, 83, 59; 34, 20, 32,
53,71; 38, 22
Reactor, continuous, 37, 3, 67
Rearrangement, of 2-bromao-3-methyl-
benzoic acid, 38, 12
of 2,5-diamino-3,4-dicyanothiophene
to 2-amino-3,4-dicyuno-S-
mercaptopyrrole, 89, 9
Favorskil, of 2-chlorocyclohexnnone,
39, 37
of isophorone oxide to 2,4,4-
trimethyl-2-formyleyclopentin=
none, 39, 70
of trans-stilbene oxide to diphenyl
acctaldchyde, 38, 20
Reduction, and amidution of methyl -
methyl-y-nitrovalernie, 38, 59
and hydrolysis of g naphthyl ethyl
ether, 32, 97
by lithium aluminum hydvide, 38, 32,
33, 33, K2; 86, 48
by nickel-aluminum alloy (Raney
catalyst) and sodium hydroxide,
34,8
Clemmensen, 88, 17
of aminoester to auminonlcohol, 88, K2
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Reduction, of an a-hydroxyketone to a
ketone, 36, 14
of a quinone with sodium hydro-
sulfite, 34, 2
of dichloroacetyl chioride with lith-
ium aluminum hydride, 32, 46
of 5,8-dihydro-1-naphthol, 87, 81
of 2,3-dimethylbenzyltrimethylam-
monium iodide with sodium
amalgam, 34, 56
of N,N-dimethylcyclohexanecarbox-
amide with lithium aluminum
hydride, 39, 19
of 6-ketohendecanedioic acid, 38, 34
of 1-(o-methoxyphenyl)-2-nitro-1-
propene, 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 chloride to thiol, 33, 47
of p-toluenesulfonyl chloride to
sodium p-toluenesulfinate, 38, 62
with sodium hydrosulfite, 37, 16
Wolfi-Kishner, 38, 34
Reductive alkylation of methylamine
by 2,3-dimethoxybenzaldehyde,
30, 59
Reductive oxidation of p-nitrotoluene to
p-aminobenzaldehyde, 31, 6
Reformatsky reaction, 37, 38
Reissert’s compound, 38, 58
Reissert reaction, 38, 58
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 methoxy!, 32, 79
by nitrile, 36, 50
in an imido-chloride group by an
anilino group, 31, 48
chlorine and nitro by ethoxyl radicals,
32, 68
diazonium group, by chlorine atom,
32, 23

Replacement, 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 iodine 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
chlorine, 32, 88
RHODANINE, 3-($-ACETAMIDOPHENYL)-,
39, 1
Ricinoleoy! chloride, 37, 69
Ring contraction, 2-chlorocyclohex-
anone into methyl cyclopen-
tanecarboxylate, 39, 37
Rosin, wood, 32, 1

SALICYLIC ACID, p-CHLOROPHENYL
ESTER, 32, 25
Salol, 32, 26
Saponification, of ethyl 3-methylcou-
marilate, 33, 44
of hydroxyformoxystearic acids,
39, 16
of o-methylbenzyl acetate, 34, 58
of methyl 3-methyl-2-furoate, 39, 46
Sarcosine, 33, 1
Schotten-Baumann reaction, 31, 49
Seal for mechanical stirrer, 30, 54
SesAcrL, 36, 13, 15,77, 78
SEBACOIN, 36, 12, 14, 77, 79
Selenium dioxide, 32, 37, 75
Selenous acid, 32, 35
Silica gel, 84, 6, 7
Silver acetate, 36, 48
Silver chloride, 30, 12
Silver cyanide, 35, 63
Silver nitrite, 34, 37; 38, 75, 76
Silver oxide, 30, 102; 33, 94; 86, 47
Silver trifluoroacctate, 86, 47
Sodamide, see Sodium amide
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Sodium, 30, 15, 44, 73, 96; 31, 1, 53; 32,
45, 97, 106, 33, 76; 34, 32, 62;
36, 80
in condensation of cyclohexanone
and ethyl formate, 39, 27
Sodium acetate trihydrate, 36, 75
SODIUM ACETYLACETONATE, 39, 61
Sodium acetylide, solution in liquid am-
monia, 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; 86, 51
Sodium dichromate, 37, 10
Sodium dihydrogenphosphate, 34, 47
Sodium ethoxide, 30, 44, 45; 32, 68;
33, 23; 39, 23, 34, 53
solution of, 30, 99; 32, 103; 34, 13, 16
19; 37,13
Sodium formylacetone, 32, 32
Sodium hydride in condensation of
cyclohexanone and ethyl
formate, 39, 28
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; 87, 26, 53;
38, 1, 19; 39, 37, 43, 51
in glycidic ester synthesis, 389, 49
Sodium methylsuccinate, 34, 74
Sodium nitrite, 31, 14; 32, 95; 34, 2, 20,
97; 36, 70, 96
Sodium nitromalonaldehyde mono-
hydrate, 32, 95
Sodium phenoxide, 32, 75; 33, 43, 45
SODIUM B-STYRENESULFONATE, 34, 85
Sodium succinate, 84, 75
Sodium sulfhydrate, 81, 7
Sodium sulfide nonahydrate, 31, 6;
36, V0
Sodium sulfite, 37, 8§

Sodium p-toluenesulfinate, 38, 62
Sodium p-toluenesulfinate dihydrate,
34, 93
Sommelet reaction, 33, 93
SORBIC ACID, 8-HYDROXY-B-METHYL, 8-
LACTONE, 32, 57
Stannic chloride, 33, 91
Stearic acid, 34, 15
STEAROLIC ACID, 37, 77
STEARONE, 33, 84
cis-STILBENE, 33, 88
trans-Stilbene, 33, 89; 38, 84
trans-STILBENE OXIDE, 38, 26, 83
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, -BENZHYDRYLIDENE-,
«-ETHYL ESTER, 30, I8
CINNAMYL-, 31, 85
DIPHENYL ESTER, 34, 44
HEPTANOYL-, DIETHYL ESTER, 34, 51
PHENYL-, 30, 83
Succinic anhydride, 34, 40
Succinimide, 38, 9, 17
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
SULFONE, METHYL $-TOLYL, 38, 62
Sulfony! chloride, from sodium sul-
fonate, 34, 85
from sulfonic acid, 30, 58
a-SULFOPALMITIC ACID, 36, 83
a-Sulfostearic acid, 36, 85
Sulfur, 31, 6
Sulfuric acid, fuming, 31, 23, 45
Sulfur trioxide, 84, 85; 36, 83
Sulfuryl chloride, 83, 45; 87, 8
SULTONE OF 4-HYDROXY-1-BUTANE-
SULFONIC ACID, 87, 55



112 SUBJECT INDEX

SYRINGALDEHYDE, 31, 92

Tangential apparatus, 37, 67
Tartaric acid, 35, 50
TARTARIC ANHYDRIDE, DIACETATE OF d-,
36, 49
TETRAACETYLETHANE, 39, 61
a,a,a’,a’-Tetrabromo-o-xylene, 34, 82
Tetra-n-butyltin, 36, 88
1,1,1,2-Tetrachloro-2,2-difluoro-
ethylene, 36, 19
dl-4,4',6,6’-TETRACHLORODIPHENIC
ACID, 31, 96, 97
TETRACYANOETHYLENE, 39, 8, 13,
64, 68
n-Tetradecyl fluoride, 36, 42
1,1,,1’-TETRAETHOXYETHYLPOLY-
SULFIDE, 35, 51
Tetraethylthiuram disulfide, 85, 55
TETRAETHYLTIN, 36, 86
1,2,3,4-TETRAHYDROCARBAZOLE, 30, 90
Tetrahydrofuran, 30, 27, 33; 33, 33;
39, 56
as Grignard solvent, 39, 10
purification, 39, 10, 58
Tetrahydrofurfuryl chloride, 33, 68
4,5,6,7-TETRAHYDROINDAZOLE, 39, 28
Tetrahydronaphthalene peroxide, 35,
96
ar-TETRAHYDRO-a-NAPHTHOL, 37, 80
5,6,7,8-Tetrahydro-2-naphthylacet-
amide, 32, 94
cis-A%-Tetrahydrophthalic anhydride,
30, 30, 93
Tetrahydropyran, 34, 80
Tetrahydroquinone indicator, 87, 56
TETRARYDROTHIOPHENE, 36, 89
Tetralin, 31, 63; 34, 91
TETRALIN HYDROPEROXIDE, 34, 90
a-Tetralone, 30, 92; 33, 90; 35, 95
B-TETRALONE, 32, 97, 99
bisulfite addition product, 32, 98
Tetralone blue test, 32, 100
1,1,1’,1"-Tetramethoxyethyl polysulfide,
36, 53
2,2,6,6-TETRAMETHYLOLCYCLO-
HEXANOL, 31, 101
Tetramethylsuccinonitrile, 32, 48
Tetraphenylarsonium bromide, 30, 98

TETRAPHENYLARSONIUM CHLORIDE
HYDROCHLORIDE, 30, 95
TETRAPHENYLETHYLENE, 31, 104
2,2,3,3-Tetraphenylpropionitrile from
diphenylacetonitrile and
benzhydryl chloride, 39, 74
Tetra-n-propyltin, 36, 88
3-THENALDEHYDE, 33, 93
3-THENOIC ACID, 33, 94
3-THENYL BROMIDE, 33, 93, 96
7-THIABICYCLO(4.1.0)HEPTANE, 32, 39
THIOBENZOIC ACID, 31, 101
THIOBENZOPHENONE, 35, 97
Thiocarbonyl perchloride, 32, 69
Thioether, preparation of dithiane,
39, 23
THIOLACETIC ACID, 31, 105
Thiol esters, 37, 22
2-THIO-6-METHYLURACIL, 35, 80
Thionyl chloride, 80, 58, 62; 31, 37, 69;
32, 65; 33, 20, 53; 34, 93; 35, 28;
36, 3; 37, 6, 66; 38, 39; 39, 19
Thiophene, 30, 53; 31, 109; 34, 75;
38, 86
THIOPHENE, 2-10D0-, 30, 53
3-METHYL-, 34, 73
TETRAHYDRO-, 36, 89
2-VINYL-, 38, 86
2-THIOPHENECARBOXALDEHYDE, 31, 108
3,4-THIOPHENEDICARBONITRILE,
2,5-DIAMINO-, 34, 8
Thiophosgene, reaction with amines,
35, 58
Thiourea, 30, 35; 32, 40; 39, 34
Thiourea condensation with ethyl aceto-
acetate, 35, 80
Tiffeneau rearrangement, 34, 19
Tiglic aldehyde, diethyl acetal, 32, 5
Tin, alkylvinyl compounds, 39, 12
vinyl compounds, 39, 12
TIN, DIBUTYLDIVINYL-, 39, 10
TETRAETHYL-, 36, 86
Tin tetrachloride, 36, 87
0-TOLUALDERYDE, 30, 99
TOLUENE-a,-DIOL, 0-NITRO-,
DIACETATE, 36, 58
$p-NITRO-, DIACETATE, 36, 58
p-TOLUENESULFENYL CHLORIDE, 35, 99
p-TOLUENESULFINYL CHLORIDE, 34, 93
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P TOLUENESULIFONAMIDE, N-METHYL- 12-TRICOSANONE, 31, 68

N-NITROSO-, 34, 24, 96 p-TRICYANOVINYL-N,N-DIMETHYL-
p-Toluenesulfonic acid, 30, 30, 31 ANILINE, 39, 68

monohydrate, 36, 92; 38, 37 Triethylamine, 31, 68; 33, 70; 37, 21;

p-'TOLUENESULIFONIC ANHYDRIDE, 36, 91 38, 39
p-"Toluenesulfonylanthranilic acid, 32, Triethylamine hydrochloride, 31, 68

8, 11 Triethyl 2-methyl-1,1,3-propanetri-
p-"Toluenesulfonylation of anthranilic carboxylate, 38, 52

acid, 32, 8 sodio derivative, 38, 53
p-Toluenesulfony! chloride, 32, 9; 34, Triethyl orthoformate, see Ethyl ortho-

97; 38, 62 formate

p-Toluenethiol, 35, 99
m-TOLUIC ACID, 2-BROMO, 38, 11
0-TOLUIC ACID, a-PHTHALIMIDO-, 38, 81
o-Toluidine, 38, 15
0-TOLUIDINE, 6-NITRO-, 35, 3
p-TOLUIDINE, a,,0-TRIPHENYL~, 30, 5
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-di-
methyl-, 33, 56
s-TRIAZINE, 2-AMINO-4-ANILINO-6-
(CHLOROMETHYL)-, 38, I
2,4-DIAMINO-G-PHENYL-, 33, 13
HEXAHYDRO-1,3,5-TRIPROPIONYL-,
30, 51
1H-1,2,3-TRIAZOLE, 5-AMINO-1,4-DI-
PHENYL-, 37, 26
4-PIIENYL-5-(PHENYLAMINO)-, 37, 27
1,2,3-Triazoles, titration of, 37, 28
$,0,a-TRIBROMOACETOPIENONE, 36, 11
2,4,6-" T'RIBROMOBENZOIC ACID, 86, 94
"TRICHLOROMETNYLPHOSPHONYL DI-
cuLorine, 37, 82

TRIETHYL PHOSPHITE, 31, 34, 111
Triethyl a-phthalimidoethane-a,o,8-
tricarboxylate, 30, 7
Trifluoroacetic acid, 36, 47
p-Trifluoromethylbenzaldehyde, 30, 100
1,2,4-Trihydroxybutane, 88, 37
Triisopropyl phosphite, 31, 33, 112
Trimethylamine, 30, 12; 32, 87; 38, 6
1,2,3-Trimethylbenzene, 34, 56
3,5,5-Trimethyl-1,2-cyclohexanedione,
39, 71
2,4,4-TRIMETHYLCYCLOPENTANONE,
39,70
Trimethylene chlorobromide, 33, 23
1,1,2-Trimethylisourea, 32, 63
1,1,3-TRIMETHYL-3-PHENYLINDANE,
36, 84
Trioxane, 30, 51
Triphenylarsine, 30, 96
Triphenylarsine oxide, 30, 97
2,3,3-Triphenylbutyronitrile from
diphenylacetonitrile and
a-phenethyl chloride, 39, 74
Triphenylcarbinol, 30, 3, 6
a,3,8-TRIPHENYLPROPIONIC ACID, 33, 98
o,a,3~-TRIPHENYLPROPIONITRILE,
39,73
TRIPTYCENE, 39, 75
TRITHIOCARBODIGLYCOLIC ACID
39, 1,77

UNDECANEDIOIC ACID, 38, 34
MONOMETHYL ESTER, 38, 55
6-0x0-, 38, 38

10-Undecanoic acid, 32, 104

n-Undecyl fluoride, 86, 42

10 UNDECYNOIC ACID, 82, 104
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a,B-Unsaturated acids, purification of,
37,30
separation from B,y-isomers, 87, 41
a,B-Unsaturated esters, equilibration
with B8,y-isomers, 37, 41
B,v-Unsaturated esters, conversion to
vy-lactones, 37, 39
equilibration with «,B-isomers, 37, 41
Unsaturation, quantitative estimation
by bromate-bromide titration
method, 34, 86, 89
Uraciy, 5,6-DIAMINO-, HYDROCHLORIDE,
317, 15
S-nitroso-6-amino-, 37, 15
Urea, 30, 24; 31, 11; 317, 15, 50, 71;
39, 13
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
N-n-heptyl-, 37, 52
1-(p-PHENETYL)-, 31, 11
2-THI0-3-GUANYL-, 35, 69

VALERIC ACID, a-ACETYL-§-CHLORO-
Y-HYDROXY-, v-LACTONE, 31, I
5-HYDROXY-3-METHYL, §-LACTONE,
35, 86
v-Valerolactone, 35, 96; 88, 21
VANILLIC ACID, 30, 101, 103
Vanillin, 80, 102, 104; 33, 17

Veratraldehyde, 31, 58; 33, 65
VERATRALDEHYDE, 6-NITRO-, 33, 65
Veratrole, 36, 47

VERATROLE, 4-10D0-, 36, 46
Vinyl acetate, 80, 106

Vinyl bromide, 39, 10

Viny! caprate, 30, 108

Vinyl! caproate, 30, 108

Vinyl caprylate, 30, 108

Vinyl 10-hendecenoate, 30, 108
VINYL LAURATE, 30, 106
Vinylmagnesium bromide, 39, 10
Vinyl myristate, 30, 108

Vinyl oleate, 30, 108

Vinyl palmitate, 30, 108

Vinyl pelargonate, 30, 108

Vinyl stearate, 30, 108
2-VINYLTHIOPHENE, 38, 86
Vinyl undecylenate, 30, 108

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

0-Xylene, 34, 82, 100

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

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

Zinc dust, 36, 14, 19, 62

Zinc dust amalgam, 33, 48

Zinc foil, preparation for Reformatsky
reaction, 37, 38

Zinc iodide, catalyst for condensation,
39, 59
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NOMENCLATURE

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

SUBMISSION OF PREPARATIONS

Chemists are invited to submit for publication in Organic Syn-
theses 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 Syntheses that submitted procedures represent opti-
mum conditions, and the procedures should have been checked
carefully by the submitters, not only for yield and physical prop-
crties of the products but also for any hazards that may be in-
volved. Full details of all manipulations should be described,
and the range of yields should be reported rather than the maxi-
mum yield obtainable by an operator who has had considerable
cxperience with the preparation. For each solid product the
melting point range should be reported, and for each liquid
product the range of boiling point and refractive index should
be included. In some instances, it is desirable to include addi-
tional physical properties of the product, such as ultraviolet,
infrared, or nuclear magnetic resonance spectra. The methods
of preparation or sources of the reactants 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
v
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the current style sheet may be obtained from the Secretary of
the Editorial Board. In section 3, Methods of Preparation, there
should be described other practical methods for preparing the
compound which have appeared in the literature. It is unneces-
sary to mention methods which have been published but are of
no practical synthetic value. There should also be included a
statement of the merits of the preparation which recommend it
for publication in Organmic Syntheses (synthetic method of con-
siderable scope, specific compound of interest, method gives better
yield or is less laborious than other methods, etc.). This informa-
tion is necessary because subsequent volumes of Organic Syntheses
willinclude under Methods of Preparation a statement explaining
why the preparation is published in Organic Syntheses. Two
copies of each procedure should be submitted to the Secretary of
the Editorial Board. It is sometimes helpful 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
previously published are welcomed and should be directed to the

Secretary.
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