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PREFACE TO THE SERIES

In the course of nearly every program of research in organic chemistry
the investigator finds it necessary to use several of the better-known
synthetic reactions. To discover the optimum conditions for the appli-
cation of even the most familiar one to a compound not previously
subjected to the reaction often requires an extensive search of the liter-
ature; even then a series of experiments may be necessary. When the
results of the investigation are published, the synthesis, which may
have required months of work, is usually described without comment.
The background of knowledge and experience gained in the literature
search and experimentation is thus lost to those who subsequently have
occasion to apply the general method. The student of preparative or-
ganic chemistry faces similar difficulties. The textbooks and labora-
tory manuals furnish numerous examples of the application of various
syntheses, but only rarely do they convey an accurate conception of the
scope and usefulness of the processes.

For many years American organic chemists have discussed these prob-
lems. The plan of compiling critical discussions of the more important
reactions thus was evolved. The volumes of Organic Reactions are col-
lections of chapters each devoted to a single reaction, or a definite phase
of a reaction, of wide applicability. The authors have had experience
with the processes surveyed. The subjects are presented from the pre-
parative viewpoint, and particular attention is given to limitations, in-
terfering influences, effects of structure, and the selection of experimental
techniques. Each chapter includes several detailed procedures illustrat-
ing the significant modifications of the method. Most of these proce-
dures have been found satisfactory by the author or one of the editors,
but unlike those in Organic Syntheses they have not been subjected to
careful testing in two or more laboratories. When all known examples
of the reaction are not mentioned in the text, tables are given to list
compounds which have been prepared by or subjected to the reaction.
Every effort has been made to include in the tables all such compounds
and references; however, because of the very nature of the reactions dis-
cussed and their frequent use as one of the several steps of syntheses in
which not all of the intermediates have been isolated, some instances
may well have been missed. Nevertheless, the investigator will be able

v



vi PREFACE TO THE SERIES

to use the tables and their accompanying bibliographies in place of most
or all of the literature search so often required.

Because of the systematic arrangement of the material in the chapters
and the entries in the tables, users of the books will be able to find in-
formation desired by reference to the table of contents of the appropriate
chapter. In the interest of economy the entries in the indices have been
kept to 2 minimum, and, in particular, the compounds listed in the tables
are not repeated in the indices.

The success of this publication, which will appear periodically, de-
pends upon the cooperation of organic chemists and their willingness to
devote time and effort to the preparation of the chapters. They have
manifested their interest already by the almost unanimous acceptance
of invitations to contribute to the work. The editors will welcome their
continued interest and their suggestions for improvements in Organic
Reactions.

e
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CHAPTER 1

THE COUPLING OF DIAZONIUM SALTS WITH
ALTIPHATIC CARBON ATOMS

STaNLEY M. PARMERTER
Wheaton College
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INTRODUCTION

A diazonium salt will couple with an aliphatic compound containing
an activated carbon-hydrogen bond. This discussion is limited to those
reactions in which both nitrogen atoms of the diazonium salt are retained
in the resulting molecule. 'The discussion is further limited by the exclu-
sion of coupling reactions which occur with the elimination of a group
from an activated methinyl compound, the Japp-Klingemann reaction,
as these reactions are discussed in Chapter 2.

Victor Meyer was the first to report the coupling of a diazonium salt
with an activated aliphatic carbon atom.! He found that benzene-
diazonium sulfate reacts with the sodium salt of nitroethane to give a
colored product which was assigned the azo structure I.

C,H,N==NCHNO,
CH,
I

Coupling with other nitroparaffins?—3 as well as with ethyl acetoacetates.?
was soon reported. A question regarding the structure of the reaction
products arose when it was discovered that benzenediazonium chloride
coupled with diethyl malonate to give a product identical with the
phenylhydrazone of diethyl mesoxalate (II).%

CeHyN,Cl + CHy(COLCoHy)e <
C,H,NHN=—C(CO,C,H;),
C.HNHNH, + CO(CO,C,Hj),
I1

Much of the early work with the coupling reaction was prompted by
the desire to determine whether the products were of the azo or hydrazone

1 Meyer and Ambihl, Ber., 8, 751 (1875).
2 Meyer and Ambiihl, Ber., 8, 1073 (1875).
3 Friese, Ber., 8, 1078 (1875).

4 Meyer, Ber., 9, 384 (1876).

$ Zublin, Ber., 10, 2087 (1877).

8 Meyer, Ber., 10, 2075 (1877).

? Zublin, Ber., 11, 1417 (1878).

8¢ Meyer, Ber., 21, 118 (1888).



4 ‘ ORGANIC REACTIONS

structure. It is difficult to establish with certainty the structures in such
cases where two tautomeric forms are possible. However, it is generally
assumed that the hydrazone is the stable form whenever coupling occurs
at a methyl or methylene carbon. Recently, Wiley and Jarboe have
presented ultraviolet and infrared absorption data which corroborate this
view.® In the limited number of compounds where coupling occurs on
a methinyl carbon without the elimination of a group only the azo
structure is possible.

MECHANISMS OF THE REACTIONS

Various mechanisms for the coupling reaction have been proposed.
Dimroth observed that reaction occurred only with the enol forms of
various ketones.® He proposed that the first product was an enol ether
which rearranged to give the final product. The isolation of intermediate

OH
' CH,N=NOH 4+ —CH=—C— — —CH=C— - —C=C—
OH ~ ON=NCgH;, N=—NC,H;

O-azo compounds in certain instances gave further support to his
proposal.10-12  However, these intermediates were isolated only from
highly substituted aliphatic reactants such as tribenzoylmethane. It is
probable that this mechanism is applicable in special cases.

When certain o,a-diarylethylenes react with diazonium salts, a crystal-
line intermediate can be isolated.1®14 This is considered to be the
carbonium salt III. The salt readily loses hydrogen halide to give an

Ar,C=CH, + Ar'N,X — (Ar,CCH,N,Ar")*X~ — Ar,C—=CHN=NAr’ + HX
111

azo compound. Since these intermediates have been isolated only with
rather complex molecules, it may be unwise to propose their formation
as part of a general mechanism for coupling with all unsaturated
‘hydrocarbons and enols.

Busch has studied the mechanism of the reaction of diazonium salts

8 Wiley and Jarboe, J. Am. Chem. Soc., 77, 403 (1955).

® Dimroth, Ber., 40, 2404 (1907).

10 Dimroth and Hartmann, Ber., 41, 4012 (1908).

11 Dimroth, Leichtlin, and Friedemann, Ber., §0, 1534 (1917).

12 Auwers, Ann., 378, 243 (1910).

13 Dilthey and Blankenburg, J. prakt. Chem., [2], 142, 177 (1935).
1 Wizinger and Cyriax, Helv. Chim. Acta, 28, 1018 (1945).
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with hydrazones.!>-8 From the observation that primary hydrazones
(IV) couple readily with diazonium salts, whereas secondary hydrazones
(V) do not react,!® he proposed that the first product was an N-azo
compound (VI) which rearranged to give the formazan derivative VIL.*
A crystalline intermediate, assumed to be the N-azo compound, was
isolated from the reaction of benzenediazonium chloride with benzaldehyde

RNHN=CHR + ArN,X - RNN=CHR — RNHN:CR
v | .
N=NAr . N=NAr
VI VII

R,NN=CHR + ArN,X — No reaction
v
phenylhydrazone in alcoholic sodium acetate.’® Evaporation of an ether
solution of this compound produced a formazan.

More recent study of the reaction between benzaldehyde phenyl-
hydrazone and benzenediazonium chloride has shown that the product
was dependent on the pH of the reaction medium.1%:1% In a solution
of pH 3, benzaldehyde p- phenylazophenylhydrazone was isolated. Re-
action at pH values of 4 to 8 produced up to 669, yields of 4-benzylidene-
1,3-diphenyl-1-tetrazene, whereas at a pH greater than 9 the product was
N,N’,C-triphenylformazan. The tetrazene changed to the formazan
within a few hours at room temperature or rapidly when heated to 90°.
Rearrangement also occurred in pyridine or ethanolic potassium hydrox-
ide. The fact that no 1-phenylazo-2-naphthol was formed when the
rearrangement was carried out in ethanolic potassium hydroxide con-
taining f-naphthol indicated that the reaction was intramolecular.

&v C,H;CH—NNHC,H,(N—NC,H,)-p

H 4-8
CH,CH=NNHC,H; - C,H,N,Cl > C,H,CH—=NNC,H,

2, , |
\9 N=NC,H, -

C H,C=NNHC,H,

N=NC,H;

15 Busch and Pfeiffer, Ber., 59, 1162 (1926).

16 Busch and Schmidt, Ber., 83, 1950 (1930).

17 Busch and Schmidt, J. prakt. Chem., [2], 129, 151 (1931).

18 Busch and Schmidt, J. prakt. Chem., [2], 131, 182 (1931).

1% von Pechmann, Ber., 27, 1679 (1894).

* These compounds are named as derivatives of the hypothetlcal formazan, H,NN=—
CHXN=NH.

1%¢ Hauptmann and Périsse, Experientia, 10, 60 (1954) [C. A. 49, 4554 (1955)].

1% Hauptmann and Périsse, Chem. Ber., 89, 1081 (1956).
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However, when the tetrazene was dissolved in a cold solution of hydrogen
chloride in ethanol, benzaldehyde phenylhydrazone and benzenediazonium
chloride were regenerated.

Most of the current theories formulate the reaction as the direct attack
of the diazonium cation on a carbanion or a carbon atom with high
electron density.19¢,1%¢  Tarbell has proposed such a mechanism for the
reaction of a diazonium salt with nitromethane.2® The reaction of the

ArN,* + (CH,NO,)~ - ArN=NCH,NO, = ArNHN=—CHNO,

product with a second molecule of diazonium salt also was postulated as
being ionic in nature.

ArN,* + (AEN=NCHNO,)~ — ArN=NC=NNHAr

NO,

Although the second reaction seems to be at variance with the experi-
ments of Busch mentioned above, it should be noted that the facts given
by Busch do not exclude the possibility of an ionic mechanism for the
reaction. Since the reactions in the system appear to be reversible, the
isolation of N-azo compounds and the fact that they can generate the
final product do not prove that they are intermediates. An alternative
explanation for the observation that secondary hydrazones, such as V
above, do not react may be that the coupling reaction requires the
resonance-stabilized carbanion VIIIa - VIII5.2t

5 _ _
RNHN—CHR ——> RN—NCHR <—> RNN—CHR
Viliae VIIIH

The diazonium salts prepared from o-aminophenylacetylenes undergo
intramolecular coupling to yield 4-hydroxycinnolines. Schofield and his
co-workers believe that the first step in this reaction is the coordination
of the diazonium cation with one carbon atom of the acetylene, followed
by the addition of hydroxyl ion to the other carbon atom.22,23

OH

/CECH 7 \ CH OH_ /\|
~ N N
N,+ ANt N

1% Hinig and Boes, Ann., 579, 28 (1953).

194 Scott, O’Sullivan, and Reilly, J. Am. Chem. Soc., 75, 5309 (1953).

20 Tarbell, Todd, Paulson, Lindstrom, and Wystrach, J. Am. Chem. Soc., 70, 1381 (1948).
21 D. 8. Tarbell, private communication.

22 Schofield and Simpson, J. Chem. Soc., 1945, 520.

23 Schofield and Swain, J. Chem. Soc., 1949, 2393.
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Diazotized o-aminoacetophenones also couple intramolecularly with
the formation of 4-hydroxycinnolines.’ This reaction, which is favored
by a strongly acidic reaction medium, is believed to proceed through an
acid-catalyzed enolization of the carbonyl group.2*

OH+
I
SO Gk |
_— —_—
\N2+ SN, N

+
OH - OH

I

|
_C=CH, g C\CHz
— [ |
\N2+ N %N

|-

OH
PPN
LA

Since the principal factor that influences this reaction is the nature of
the aliphatic reactant rather than that of the diazonium salt, the
following discussion is based upon the types of compounds that undergo
coupling.

SCOPE AND LIMITATIONS

Ketones

Few examples of the reaction of a simple ketone with a diazonium salt
have been reported. Acetone reacts with benzenediazonium chloride in
alkaline solution to give a product?® that was later identified as methyl
formazyl ketone (IX).26 The methyl group in pyruvic acid likewise
reacts with two molecules of diazonium salt.??” When one of the
hydrogen atoms of acetone is replaced by an activating group, the

CH,COCH, -+ 2C.H;N,Cl > C,H,N—=NC=NNHC,H,

COCH,
X

24 Schofield and Simpson, J. Chem. Soc., 1948, 1170.
25 Bamberger and Wulz, Ber., 24, 2793 (1891).

28 von Pechmann, Ber., 25, 3190 (1892).

#" Bamberger and Miiller, Ber., 27, 147 (1894).
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methylene carbon is the one attacked. Compounds of this type that have
been investigated include chloroacetone,?® 24-dinitrophenyiacetone,??
acetonylpyridinium bromide,?® and a variety of 3-acetonyl-1,2,4-oxadi-
azoles.?,32 The product from acetonylpyrldlnlum bromide had the
betaine structure X.

(CH,COCH,NC,H;,)*Br- + C,H,N,Cl — CH3000N05H5
NNC,H,
S]
b4
Dieckmann reported that cyclopentane-1,2-dione reacts with benzene-
diazonium chloride to give the l-phenylhydrazone of cyclopentane-
1,2,3-trione.3® The only instance of the coupling of 2 moles of a diazonium

salt with a cyclic ketone was the reaction used by Willstitter to show
the presence of two active methylene groups in tropinone (XI).34

CH,—CH—CH, CH,—CH—C=NNHCH
| |
NCH, CO -+ 2C,H,N,Cl - NCH, CO
CH,—CH-—CH, CH,—CH—C=NNHC,H

XI

The reaction of a diazonium salt with 1-ethoxalylindene (XII) produces
the 1-arylazocompound.3> This contrasts with the observation that the

H COCO2C2oH5 ‘ ArN=N COCO2C2H;
XII

coco2c oHs

28 Favrel, Bull. soc. chim. France, [4], 41, 1494 (1927).
29 Borsche, Ber., 42, 601 (1909).

30 Krollpfeiffer and Braun, Ber., 70, 89 (1937).

31 Merckx, Chimie & industrie, 83, No. 3 bis, 453 (1950).
32 Merckx, Bull. soc. chim. belges, 58, 183 (1949).

33 Dieckmann, Ber., 35, 3201 (1902).

34 Willstatter, Ber., 30, 2679 (1897).

35 Wislicenus and Hentrich, Ann., 436, 9 (1924).
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ethoxalyl group was eliminated when 9-ethoxalylfluorene (XIII) was
treated with a diazonium salt.3 The reaction of heterocyclic esters with
2 moles of a diazonium salt is a convenient preparation of C-heterocyclic
formazans.3% Ethyl 2.quinolylpyruvate, for example, reacts with
p-bromobenzenediazonium chloride to give a 799, yield of the formazan.

N7 CH,COCO,C,H; + 2p-BrC,H,N,Cl —
ﬁ
N7 C=NNHCH,Br-p
|

N=NCH,Br-p

The only acetophenones that have been shown to undergo coupling are
the o-aminoacetophenones. When these amines are diazotized, reaction
occurs intramolecularly to give 4-hydroxycinnolines. Although this
reaction is favored by the presence of electronegative groups ortho or
para to the amino group, a 70-759, yield of 4-hydroxycinnoline (XIV)

OH
©/ COCH, ¥aXNo, + HOI C‘ N
—_—
\NHZ N N¢N
X1V

could be obtained by warming a solution of diazotized o-aminoaceto-
phenone in hydrochloric acid.3? This transformation proceeds smoothly
with a variety of substituted o-aminoacetophenones. It has been
extended to include o-aminophenacyl halides which give 3-halogenated
4-hydroxycinnolines.?%:3% Higher homologs of o-aminoacetophenone pro-
duce the corresponding 3-alkyl-4-hydroxycinnolines.39-41

The methylene group in f-diketones reacts readily with diazonium
salts. The product may be formulated as the monohydrazone of a
triketone. Benzoylacetone, for example, has been converted into the
monophenylhydrazone XV in 909, yield.#2 A variety of §-diketones has
been employed in the same general reaction. Cyeclic §-diketones, such as

3 Kuhn and Levy, Ber., 61, 2240 (1928).

%6a Ried and Hoffschmidt, Ann., 581, 23 (1953).

37 Keneford and Simpson, J. Chem. Soc., 1947, 917.

38 Schofield, Swain, and Theobald, J. Chem. Soc., 1949, 2399.
3% Leonard and Boyd, J. Org. Chem., 11, 419 (1946).

40 Keneford and Simpson, J. Chem. Soc., 1948, 354.

41 Keneford and Simpson, J. Chem. Soc., 1948, 2318.

42 Chattaway and Lye, J. Chem. Soc., 1933, 480.
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cyclohexane-1,3-dione,** methone,4~% and indan-1,3-dione*":*® react as
readily as the acyclic analogs.

C,H,COCH,COCH, + C4H,N,Cl - C;H,COCCOCH,

NNHC,H,
XV

A limited number of f-keto aldehydes has been investigated.4®-51 In
these compounds, the methylene group reacts in the same manner as in
p-diketones.

B-Keto Acids, Esters, and Amides

When a f§-keto carboxylic acid is treated with a diazonium salt, carbon
dioxide is eliminated. The product from the reaction of benzenediazon-
ium chloride with acetoacetic acid is the 1-phenylhydrazone of pyruv-
aldehyde (XVI). If 2 moles of diazonium salt are employed, methyl
formazyl ketone (XVII) is the product.’? In carrying out this reaction,
the general practice is to saponify a f-keto ester and then to add the
diazonium salt solution directly to the hydrolysis mixture without
isolation of the unstable §-keto acid.33-%5

CH,COCH,CO,H + C4H,N,Cl - CH;COCH=NNHC,H,
XVI

CH,COCH=NNHC,H; -+ CH,N,Cl » C,;H;N=NC=NNHC,H,

COCH,
XVII

Acetonedicarboxylic acid reacts with 2 moles of diazonium salt with
the elimination of both carboxyl groups.’%:5? The resulting product is a
mesoxaldehyde diarylhydrazone (XVIII).

CO(CH,CO,H), 4+ 2ArN,Cl - CO(CH=NNHAr),
XVIII
43 Vorlander, Ann., 294, 253 (1897).
44 Lifschitz, Ber., 47, 1401 (1914).
45 Tyer and Chakravarti, J. Indian Inst. Sci., 17A, 41 (1934) [C. 4., 28, 4390 (1934)].
Iyer, J. Indian Inst. Sci., 21A, Pt. 6, 65 (1938) [C. 4., 33, 148 (1939)].
47 Wislicenus and Reitzenstein, Ann., 277, 362 (1893).
48 Das and Ghosh, J. Am. Chem. Soc., 43, 1739 (1921).
4% Beyer and Claisen, Ber., 21, 1697 (1888).
50 Benary, Meyer, and Charisius, Ber., 59, 108 (1926).
51 Benary, Ber., 80, 914 (1927).
52 Bamberger and Lorenzen, Ber., 25, 3539 (1892).
53 Japp and Klingemann, J. Chem. Soc., 53, 519 (1888).
Japp and Klingemann, Ann., 247, 190 (1888).
Reynolds and Van Allan, Org. Syntheses, 32, 84 (1952).
5 von Pechmann and Jenisch, Ber., 24, 3255 (1891).
57 von Pechmann and Vanino, Ber., 27, 219 (1894).
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A B-keto sulfonic acid retains the acid group when it couples with a
diazonium salt.’8,5¢ For example, the phenylhydrazone XIX has been
prepared in 609, yield from 2-oxo-2-phenylethane-1-sulfonic acid.

C,H,COCH,SO,H -+ CsH,N,Cl - CH;COCSO,H

NNHC,H,
XIX

The reactions of f-keto esters with diazonium salts have been studied
extensively, Products from ethyl acetoacetate and over fifty different
diazonium salts have been reported. Good yields of the «-hydrazones
of o,f-diketo esters are obtained if 1 mole of the diazonium salt is
employed. However, the use of 2 moles of benzenediazonium chloride
causes the elimination of the acetyl group to give an 809, yield of
C-carbethoxy-N,N'-diphenylformazan (XX).60

CH,COCH,CO0,C,H; + C,H;N,Cl - CH,COCCO,C,H;

[

NNHC.H,
CH,C0CCO,C,H; -+ CH;N,Cl - C;H;N=—NCCO,C,H;

NNHC,H, : NNHC,H,
XX -

Diethyl oxaloacetate likewise can react with 1 or 2 moles of benzene-
diazonium chloride.®-%3 If 1 mole of the salt is used, the product is
diethyl dioxosuccinate phenylhydrazone (XXI). The addition of 2 moles
of diazonium salt in strongly alkaline solution causes the replacement of

the ethoxalyl group.
C,H,0,CCH,COC0,C,H; + C,H,N,Cl - C,H,0,CCCOCO,C,H,

NNHCH,
XXI

C,H,0,CCCOC0,C,H; + C4H,N,Cl —> C,H,0,CCN=NC,H,
- NNHC,H, NNHC,H,

There are no reports of the elimination of groups other than acetyl and
ethoxalyl when 2 moles of a diazonium salt react with a f-keto ester

58 Parkes and Fisher, J. Chem. Soc., 19386, 83.

5% Parkes and Tinsley, J. Chem. Soc., 1934, 1861.

60 Bamberger and Wheelwright, J. prakt. Chem., [2], 85, 125 (1902).
61 Wislicenus and Jensen, Ber., 25, 3448 (1892).

62 Rabischong, Bull. soc. chim. France, [3], 31, 76 (1904).

83 Rabischong, Bull. soc. chim. France, [3], 31, 83 (1904).
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containing a methylene group. However, by analogy with the Japp-
Klingemann reaction (p. 143), it would be expected that other acyl groups
could be eliminated as well.

Diethyl acetonedicarboxylate (XXII) reacts smoothly with 1 mole of
diazonium salt.%4.85 There have been no reports of further reaction with
the second methylene group present in the molecule.

C,H,0,CCH,COCH,CO0,C,H + C4H,N,Cl - C,H,0,CCCOCH,CO0,C,H,
XXII
NNHC,H;

Diethyl oxalocrotonate (XXIII) may be regarded as a vinylog of
diethyl oxaloacetate. Its behavior with diazonium salts depends upon
the pH of the reaction mixture.% When the ester is treated with excess
p-bromobenzenediazonium chloride in ethanolic hydrochloric acid, the
only product is the monophenylhydrazone XXIV. This product is
converted into the azo derivative XXV if sodium acetate is added. The
original ester reacts with 2 moles of diazonium salt in dilute ammonia
with the loss of the ethoxalyl group.

COCO,C,H, C0C0,C,H, COCO0,C,H,

CH, C—NNHAr . C—=NNHAr

| ArN,X | ArN,X '

CH " L CH e,

” (HCD) ” (CH3CO,Na)

CH / CH , .~ C—N=NAr
C0,C,H, C0,C,H;

XXIV XXV

ArN=—=NC=NNHAr

CH
: |
. CH
C0,C,H;

The coupling of diazonium salts with §-keto anilides has been studied
extensively, because the products have found use as yellow dyes and

8¢ Bilow and Hopfner, Ber., 34, 71 (1901).
65 Bulow and Goller, Ber., 44, 2835 (1911).
¢ Prager, Ann., 338, 360 (1905).
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pigments. The Hansa Yellows are obtained from the reactions of
acetoacetanilides with various diazonium salts.8-6% Many variations in
the anilide as well as in the diazonium salt have been studied in attempts
to improve the color, stability, and solubility of the resulting dyes.
Limitations of space preclude a survey of the extensive patent literature
on this subject. However, those §-keto amides whose coupling has been
reported in the general literature are included in Table IIC. The dyes
may be formulated as existing in both hydrazone (XXVI) and azo
(XXVIIa and b) tautomeric forms.

OH

RCOCCONHAr = RC=CCONHAr = RCOCHCONHAr

I |

NNHAr N=—NAr N—NAr
XXVI XXVila XXVIIb

Malonic Acids, Esters, and Amides

Malor;ic acid can react with 1, 2, or 3 moles of a diazonium salt. It
appears that the reaction proceeds through the following steps, with
decarboxylation occurring in the first and second stages.”® Even when

CH,(CO,H), + ArN,X - ArNHN—CHCO,H
ArNHN=—CHCO,H + ArN,X — ArNHN—CHN=—NAr
ArNHN=CHN=NAr + ArN,X — ArNHN=—C(N=NAr),

equimolecular amounts of acid and salt are used, the reaction usually
gives a mixture of the first two products. The relative amounts of these
substances formed depend upon the nature of the diazonium salt
employed. Busch and Wolbring were able to isolate the phenylhydrazone
XXVIII in 509, yield from the reaction of malonic acid with o-nitro-
benzenediazonium chloride, but under similar conditions p-bromobenzene-
diazonium chloride gave mainly N,N’-di-(p-bromophenyl)formazan

0-0,NC,H,NHN=—CHCO,H pBrCH,NHN=—CHN=—=NC,H,Br-p
XXVIII . XXIX

-

(XXIX)."* A formazan derivative is the main product with either 1 or
2 moles of most diazonium salts.

¢ Fierz-David and Ziegler, Helv. Chim. Acta, 11, 776 (1928).

88 Burr and Rowe, J. Soc. Dyers Colourists, 44, 205 (1928) [C. 4., 22, 3400 (1928)].

$? Rowe, Burr, and Corbishley, J. Soc. Dyers Colourists, 42, 80 (1926) [C. A., 20, 1718
1926)].

70 von Pechmann, Ber., 25, 3175 (1892).
_ 7 Busch and Wolbring, J. prakt. Chem., [2], 71, 366 (1905).
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If an acidic solution of a diazonium salt is added to a solution of
potassium malonate and sodium nitrite, both nitrosation and coupling
take place to yield the azo derivative of formaldoxime.”

NaNo,
ArN,X - CH,(CO,K); —— » ArN—NCH—NOH
CH,CO,H
Formazyl chloride (XXX) is obtained from the reaction of 2 moles of
benzenediazonium chloride with chloromalonic acid.”? Alkylmalonic
acids are converted into formazyl alkanes (XXXI) in a similar reaction.”

C,H,NHN—CN—NC,H, C,H,NHN=—CN=NC,H,
a1 R
XXX . XXXI

When malonic acid monoethyl ester reacts with a diazonium salt,
carbon dioxide is eliminated with the formation of an arylhydrazone of
ethyl glyoxalate (XXXII).”* This hydrazone can react with a second
mole of diazonium salt to give the formazan XXXTIIa. It appears that
the formazan is the only product isolated unless there is an o-substituent
in the diazonium salt.1®¢:7® Diethyl malonate, on the other hand, gives
the arylhydrazone of diethyl mesoxalate (XXXIII)."¢ Similarly,

HO,CCH,CO,C,H, + ArN,X — A'NHN—CHCO,C,H, —
XXXIT

ArNHN=—C(CO,C,H,)N=—NAr
XXXIla

CH,(CO,C,Hy), + ArN,X — ArNHN=—C(CO,C,H;),
XXXIII

malonamide and its N-substituted derivatives are converted into the
hydrazones of the corresponding mesoxalamides.?

Diethyl glutaconate (XXXIV) may be regarded as a vinylog of diethyl
malonate. Henrich has studied its reactions with both 1 and 2 equiva-
lents of diazonium salt.’® The use of 1 equivalent of salt gives diethyl
oxoglutaconate phenylhydrazone (XXXV). A second equivalent couples
at the other «-carbon atom.

72 Fusco and Romani, Gazz. chim. ital., 76, 419 (1946).

73 Walker, J. Chem. Soc., 123, 2775 (1923).

7a Leonard, Boyd, and Herbrandson, J. Org. Chem., 12, 47 (1947).
74 8, Parmerter and E. J. Hodges, unpublished observations.

74c Hantzsch and Thompson, Ber., 38, 2266 (1905).

7 Whiteley and Yapp, J. Chem. Soc., 1927, 521.

76 Henrich et al., Ann., 376, 121 (1910).
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¢,H,0,CCH,CH—CHCO,C,H; + C,H,N,Cl - C,H,0,CCCH—CHCO,C,H,
XXXIV
NNHC,H,
NNHCsHs XXXV
O.H,N,C1 1
,H,0,0C—CHCCO,C,H, <~ 0,H,0,0C—CHCH,C0,C,H,

N=NC,H, N=—=NC,H,

Arylacetic Acids and Esters

The only arylacetic acid that has been observed to couple with
diazonium salts is 2,4-dinitrophenylacetic acid.”? Decarboxylation occurs
as two molecules of the salt attack the a-carbon atom to yield the
formazan derivative XXXVI.

,N=NAr
0@1@0}1200215{ + 2ArN,X — O,N —C
: \NNHAr
NO, NO,
XXXVI

Reactions of a variety of diazonium salts with methyl 24-dinitro-
phenylacetate have given good yields of the hydrazones of methyl 2,4-
dinitrophenylglyoxalate (XX XVII).?8?® These hydrazones undergo ring
closure in the presence of alkali with the formation of 1-arylindazoles
(XXX VIIT).”8-80

ArN,X NaOH
021\I<;—>015{2002012[3 — OgNQ——CC%CHa —
I

NO, . : NO, NNHAr
XXXVII

= DCO?N& + NaNO,
OZN AN N/N

Ar
XXXVIIT

Although diethyl homophthalate does not react with benzenediazonium
chloride, homophthalic anhydride in ethanol-chloroform solution is

77 Parkes and Aldis, J. Chem. Soc., 1938, 1841.
78 Borsche and Biutschli, Ann., 522, 285 (1936).
7% Borsche and Diacont, Ann., 510, 287 (1934).
80 Meyer, Ber., 22, 319 (1889).
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converted into the a-phenylhydrazono compound.8! Dimethyl 5-nitro-
homophthalate (XXXIX) also couples, and a simultaneous ring closure
produces ‘the substituted dihydrophthalazone XL.7°

CO,CH,
|
CH,CO,CH, NN
+ CgHyN,C1 — |
O.N CO,CH, O,N ~_-NC;H;

XXXIX ”

o)
XL

~ Nitriles

A nearly quantitative yield of ethyl cyanoglyoxalate phenylhydrazone
(XLI) is obtained from ethyl cyanoacetate and benzenediazonium

CeHyN,Cl + CH,CO,C,H; — C,H,NHN=—CCO0,C,Hj

CN CN 4
XLI

chloride in the presence of sodium acetate or sodium carbonate.8? A
variety of diazonium salts has been used in similar reactions with esters of
cyanoacetic acid. Other nitriles that undergo the same type of coupling
contain a methylene group between the cyano group and some other
activating group. Examples are malononitrile.8 cyanoacetalde-
hyde,85,8 cyanoacetanilide,’#* ethyl cyanopyruvate,.8 nitroacetoni-
trile 889 f-iminonitriles,?%:°! and f-sulfonitriles.?2.93 The coupling pro-
ducts from p-ketonitriles form chromium complexes that are dyes.%
Cyanoacetic acid combines with 2 equivalents of benzenediazonium
chloride to produce formazyl cyanide.%s

#1 Dieckmann and Meiser, Ber., 41, 3253 (1908). -
82 Krickeberg, J. prakt. Chem., [2], 49, 321 (1894).
Schmidtmann, Ber., 29, 1168 (1896).
Lythgoe, Todd, and Topham, J. Chem. Soc., 1944, 315.
« 8 Claisen, Ber., 36, 3664 (1903).

8 Borsche and Manteuffel, Ann., 512, 97 (1934).

87 Fleischhauer, J. prakt. Chem., [2], 47, 375 (1893).
Steinkopf and Bohrmann, Ber., 41, 1044 (1908).
Steinkopf, J. prakt. Chem., [2], 81, 193 (1910).
%0 von Meyer, J. prakt. Chem., [2], 52, 81 (1895).
*1 von Meyer, J. prakt. Chem., [2], 78, 497 (1908).
92 Troger and Berndt, J. prakt. Chem., [2], 102, 1 (1921).
Tréger and Wunderlich, J. prakt. Chem., (2], 101, 157 (1921).
* Long, J. Am. Chem. Soc., 89, 990 (1947).
56 Wedekind, Ber., 30, 2093 (1897).

8
8

L]

3

e ®

®

9

3




DIAZONIUM COUPLING WITH ALIPHATIC CARBON ATOMS 17

Ring closure to give a 719, yield of 3-cyanoindazole (XLIT) takes place
when o-aminophenylacetonitrile is diazotized.?® It appears that this
cyclization has not been investigated with nuclear-substituted ¢-amino-
phenylacetonitriles.

CH,CN NaNO, + HCl 7 E—HCN
_—
NH2 AN N/N

H
XLIT

Nitriles in which the cyano group is adjacent to a methinyl carbon
vary in their reactions with diazonium salts. Benzylmalononitrile
(XLIII),% a-cyano-y-hydroxybutyric acid lactone (XLIV),*? 1,2,34-

‘ CN X
CeH5CH,CH(CN), |
[ Lo ~
‘ 0 N
CN
XLIV XLV

XLIII

Arsoz‘(l'}HCN
CH,
’ XLVI 7
tetrahydroacridine-4-carbonitrile (XLV),% and a-arylsulfonylpropioni-
- triles (XLVI)* form the azo compounds. Ethyl a-cyanobutyrate is

reported to undergo two different reactions. With this ester Favrel
isolated the hydrazone XLVII formed by migration of the ethyl group,

C,H,CHCO,C,H; + CoHsN,Cl —

CN
C,H, C,H,
. ‘ C.H,NN=CCO,C,H; + C,H,N=NCC0,C,H,
CN CN
XLvik XLVIIT

95t Pgchorr and Hoppe, Ber., 43, 2543 (1910).

% Curtin and Russell, J. Am. Chem. Soc., 73, 4975 (1951). :

97 Feofilaktov and Onishchenko, J. Gen. Chem. U.S.S.R., 9, 325 (1939) [C’ A, 34, 379
(1940)].

98 Borsche and Manteuffel, Ann., 534, 56 (1938).

oy
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as well as the expected azo compound XLVIIL.®® When an acetyl group
is attached at the methinyl carbon, as in ethyl «-cyanoacetoacetate, the
Japp-Klingemann reaction occurs with loss of the acetyl group.1°°

One example of the loss of the cyano group during a coupling reaction
has been reported.?2 The products isolated from the reaction of
3-methylquinoxaline-2-acetonitrile and p-chlorobenzenediazonium chlor-
ide in dilute ammonium hydroxide were the formazan (XLVIIIa) and
urea.

NN CH, NH,0H
+ 2p-CICH,N,C1 ——»
y7 CH:CN
N v
7 UNCH,
- 7 C=NNHC,H,Cl-p

N=NCH,Cl-p
XLVIiIia

Sulfones

- A methylene group adjacent to two sulfonyl groups is attacked by a

diazonium salt. The normal product is the monophenylhydrazone
XLIXa even when an excess of the salt is used.!®® However, in the
reaction of p-nitrobenzenediazonium fluoroborate with various sulfones
two other products, the arylazosulfone XLIXb and the tetrazolium
betaine XLIX¢, were isolated also.1%¢

5]
AI'N2eB + (RS0O,),CH, — (RSO,),C=NNHAr 4+ ArN=NSO,R + ArN—N
XLIXa XLIXb “ ”
N ¢Co°
N
N
- Ar
XLIXe

Other sulfones that couple with diazonium salts have a methylene
group between a sulfonyl and some other activating group such as
nitro,19:102 cyano,19%9%9 carboxyl, %92 carbethoxy,1%¢:% or carbox-
amide.1%92 Claass prepared a series of dyes from the cyclic amide of

°® Favrel, Bull. soc. chim. France, [4], 47, 1290 (1930).
100 Favrel, Bull. soc. chim. France, [3], 27, 200 (1902).

101 Backer, Rec. trav. chim., 70, 733 (1951).

192 Troger and Nolte, J. prakt. chem., [2], 101, 136 (1921).
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o-aminophenylsulfonylacetic acid (sulfazone) (XLIXd) and various
diazonium salts.103 :

H

|
NS ~CH,
0, ’
XLIXd *

Nitro Compounds

A nitroparaffin that has one or more hydrogen atoms on the «-carbon
atom can couple with a diazonium salt. A mixture of products is
obtained from the interaction of nitromethane and benzenediazonium
chloride.1® Nitroformaldehyde phenylhydrazone (L) is obtained when
the reaction is carried out in dilute hydrochloric acid.!®> However,
N,N’.diphenyl-C-nitroformazan (LI) is the principal product in weakly
alkaline solution or even at pH 4.5.2° In alkaline solution, a third
molecule of diazonium salt causes replacement of the nitro group by a
phenyl group. '

CeH;N,Cl1 CgH;N,Cl
CH,NO, "5 C,H,NHN—CHNO, —""»
L
CgH;N,Cl1
CeH,NHN—CNO, —> "5 C,H,NHN=—CC,H,
CH,N—=N CeH,N=N
LI

The product isolated from the reaction of nitromethane with other
diazonium salts usually has been the nitroformazan derivative.20,108

Other primary nitroparaffins couple only once to give hydrazones of
1-nitroaldehydes, and secondary nitroparaffins yield azo compounds.

RCH,NO, + ArN,X — RCNO,

NNHAr
R,CHNO, + ArN,X — R,CNO,
N=NAr

103 Claass, Ber., 45, 747 (1912).

104 Bamberger, Schmidt, and Levinstein, Ber., 33, 2043 (1900).
% Bamberger, Ber., 27, 155 (1894).

106 Hubbard and Scott, J. Am. Chem. Soc., 85, 2390 (1943).

-
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Degradation of the molecule sometimes occurs when a nitroalcohol
reacts with a diazonium salt. For example, 2-nitropropanol and benzene-
diazonium chloride give formaldehyde and a 789 yield of 1-nitroacetal-
dehyde phenylhydrazone.l®? Similarly, 2-nitro-1-butanol is converted
into l-nitropropionaldehyde phenylhydrazone. If the reaction mixture
from 2-nitro-1-butanol and a diazonium salt is acidified immediately, the

CH,CH,CHCH,OH + ArN,X —

NO,
N=NAr

CH,CH,CCH,0H —» CH,CH,C—NNHAr + CH,0

NO, NO,
iy )
2-arylazo-2-nitro-1-butanol (LII) can be isolated.l®® 2-Hydroxy-1-
nitroparaffins couple normally to give the phenylhydrazones of 2-hydroxy-
1-nitroaldehydes. However, the addition of a second mole of diazonium
salt causes the elimination of aldehyde from these products.1%?
RCHCH,NO, 2%, peHO—NNHC,H, S50,

OH _ HO NO,
C,H,N—=NC=NNHC,H, + RCHO

NO,

Migration of the nitro group is observed when the a-carbon atom holds
two other electron-attracting substituents, one of which is a phenyl
group. In these instances the nitro group migrates to the position para
to the hydrazone group. (If the para position is blocked, the nitro group
enters the ortho position.) Examples that have been reported include
phenyldinitromethane (LIII),109-11 diphenylnitromethane,12:113 and
a-nitrophenylacetonitrile.114

CoH,CH(NO,), + CoH,N,Cl — CGHSC=NNH©NO2
- LIII |
NO,

107 Jones and Kenner, J. Chem. Soc., 1930, 919.

108 Gochenour and Degering, Proc. Indiana Acad. Sci., 57, 88 (1948) [C. 4., 43, 4646
(1949)].

109 Ponzio, Gazz. chim. stal., 39, IT, 535 (1909).

119 Ponzio and Macciotta, Gazz. chim. ital., 44, I, 269 (1914).

111 Ponzio and Macciotta, Gazz. chim. ital., 44, 1T, 63 (1914).

112 Ponzio, Gazz. chim. ital., 42, 1, 525 (1912).

112 Busch and Schaffner, Ber., 56, 1612 (1923).

114 Ponzio and Giovetti, Gazz. chim. ital., 39, II, 546 (1909).
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Hydrocarbons

In this section are included aliphatic hydrocarbons and compounds
containing a reactive hydrocarbon radical bonded to an aromatic ring.

A number of aliphatic hydrocarbons with conjugated double bonds
form monoazo derivatives with diazoniwm salts.115,116 The yields are
usually low, even with the reactive diazonium salts prepared from
p-nitroaniline or 2,4-dinitroaniline. Coupling occurs at the carbon atom
having the highest electron density. In 1,3-butadiene this is carbon 1,
whereas in 1,3-pentadiene it is carbon 4.

p-O,NC,H,N,X + CH,—CHCH=—CH, —
p-0,NCH,N—=NCH=—CHCH—CH,

p-0,NCH,N,X + CH,CH=CHCH=—CH, —
CH,

p-O,NCq H,;N-NC—CHCH—CH

The only two monodélefins that couple are 2-methylpropene and 2-methyl-
2-butene.'® The cyclic hydrocarbons cyclopentadiene!?:118 and indene!18
also give monoazo derivatives. :

The coupling of «,x-diarylethylenes with diazonium salts was discussed
above (p. 4). A similar reaction, which occurs intramolecularly when
o-aminophenylethylenes are diazotized, is the Widman-Stoermer synthesis
of cinnolines.'8-121  The scope of this reaction has been studied by

. R’ R’

| l
©/0=CHR NaNO, + HOL C| NR
\NH2 N N%N

Simpson and Stephenson,’?? and by Schofield,'?3 who have found that
good yields of the cinnoline are obtained when R’ is methyl or aryl and
R is hydrogen. Cinnoline formation also occurs when both R and R’ are
aromatic. However, if R’ is hydrogen or carboxyl and R is aromatic,

15 Meyer, Ber., §2, 1468 (1919).

116 Terent’ev and Demidova, J. Gen. Chem. U.S.S.R., 7, 2464 (1937) [C. A., 32, 2094
(1938)].

117 Eibner and Laue, Ber., 39, 2022 (1906).

118 Terent’ev and Gomberg, J. Gen. Chem. U.8.S.R., 8, 662 (1938) [C. 4., 33, 1285 (1939)].

119 Widman, Ber., 17, 722 (1884).

120 Stoermer and Fincke, Ber., 42, 3115 (1909).

12t Stoermer and Gaus, Ber., 45, 3104 (1912).

122 Simpson and Stephenson, J. Chem. Soc., 1942, 353.

123 Schofield, J. Chem. Soc., 1949, 2408.
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the diazotized amine undergoes the Pschorr reaction to yield a phenan-
threne derivative.

When p-methoxyphenylacetylene couples with 2,4-dinitrobenzene-
diazonium sulfate, a 699, yield of a-p-anisylglyoxal §-2,4-dinitrophenyl-
hydrazone (LIV) is formed.'?* This reaction is similar to the synthesis

CH,0 /' N\o—ch + HO4SN2©NO2 -

NO,

CH&@COCH:NNH@N%

NO,
LIV
of 4-hydroxycinnoline (LV) from diazotized o-aminophenylacetylene.12

In each case the elements of a hydroxyl group, derived from the aqueous
reaction medium, appear in the product. This ring closure was used first

. OH
|
C= .
©/ =CH NaNo, + Hol C(\ .
—_—
“NH, S NN
LV

by von Richter to make 4-hydroxycinnoline-3-carboxylic acid from
o-aminophenylpropiolic acid.?6 Recent examples of the reaction have
employed nuclear substituted o-aminophenylacetylenes, o-aminophenyl-
propiolic acids, and o-aminodiphenylacetylene.23,125

Although styrene does not react with 2,4-dinitrobenzenediazonium
sulfate, p-methoxystyrene (LVI) is converted to the 2,4-dinitrophenyl-
hydrazone of anisaldehyde by this reagent.’?* The same product is
obtained when the dry diazonium salt is added to an alcoholic solution
of anethole (LVII).1?? Acetaldehyde is eliminated in the second reaction.
Other compounds that show a similar coupling with the loss of acetal-
dehyde are isoeugenol,?® isosafrole,?” isoapiole,’?’ and p-propenyl-
dimethylaniline.12® Tt is even possible to obtain a 609, yield of
p-hydroxybenzaldehyde p-nitrophenylhydrazone from the action of dry

124 Ajnley and Robinson, J. Chem. Soc., 1937, 369.

125 Schofield and Simpson, J. Chem. Soc., 1945, 512.

126 yon Richter, Ber., 16, 677 (1883).

127 Quilico and Freri, Gazz. chim. ital., 58, 380 (1928).

128 Quilico and Fleischner, Gazz. chim. ital., §9, 39 (1929).
128 Quilico and Freri, Gazz. chim. ital., 80, 606 (1930).
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CH30©CH=CH2
)
. ¥

LVI
2y
" CH30©CH=NNH©N02
LY
, NO,
o
O
CH3O©CH=CHCH3
LVII

p-nitrobenzenediazonium sulfate on an alcoholic solution of p-propenyl-
phenol. 130

The reaction of an «,f-unsaturated tertiary amine with a diazonium
salt resembles that of an unsaturated hydrocarbon. Coupling occurs at
the fB-carbon atom, and the amino group is eliminated. If there is a
hydrogen substituent on the f-carbon, the B-arylhydrazone of a glyoxal
is obtained. However, if there is no hydrogen attached to the §-carbon,
the enamine is cleaved to give the hydrazone of a ketone.13%

RCH—CHNR/ + ArN,X —> RCCHO + R;NH
I
NNHAr

R,C=CHNR, + ArN,X — R,C=NNHAr + R,NCHO

Methyl grouf)s in the « or y positions of some heterocyclic compounds
combine with diazonium salts. For example, 9-methylacridine (LVIII)

CH,4 ) CH=NNHAr
Z Z
+ ArN,X —
N
N \N
v

has been coupled with a number of salts to give the arylhydrazones of
acridine 9-carboxaldehyde.’®! If the hetero atom is converted into the
onium salt, the activity of the methyl group is increased.'®? 2,3,3-
Trimethylindolenine is an exception, for the base is more reactive than

130 Quilico and Freri, Gazz. chim. ital., 59, 600 (1929).

1302 Crary, Quayle, and Lester, J. Am. Chem. Soc., 78, 5584 (1956).

131 Porai-Koshits and Kharkharov, Bull. acad. sci. U.R.S.8S. classe sci. chim., 1944, 143

[C. 4., 89, 1631 (1945)].
132 Kharkharov, J. Gen. Chem. U.S.S.R., 23, 1175-1181 (1953) [C. A., 47, 12390 (1953)].
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its salts.132¢ Heterocyclic compounds that have been studied include
a-picoline,!2 9-methylxanthylium perchlorate,* 9-methylthioxanthylium
perchlorate,’*  2,3-dimethylbenzothiazolium salts,3%~¢ quinaldinium
salts,1320,133,13¢ and 2 3 3-trimethylindolenium salts.1322,133,13  The methyl
group of 2,4 6-trinitrotoluene also reacts with p-nitrobenzenediazonium
chloride in pyridine solution.!®2 In addition, the ethylidene group in
1-phenyl-3-methyl-4-ethylidene-5- pyrayolones shows a reactivity toward
diazonium salts.13%

A ring closure which involves a methyl group is the indazole synthesis
via intramolecular coupling of diazotized o-toluidines. Although o-
toluidine gives only a small yield of indazole,'® many substituted
o-toluidines give excellent yields of substituted indazoles.’3 The
preparation of 5-nitroindazole (LIX) is typical.138

O,N CH, NaNO, 02N
NH, CH CH,CO.E N/N
LIX

Hydrazones

Arylhydrazones of many aliphatic and aromatic aldehydes have been
coupled with diazonium salts to yield formazan derivatives. An example
is the production of N,N’-diphenyl-C-methylformazan (LX) in 889, yield
from acetaldehyde phenylhydrazone.!3® The fact that the reaction does

CH,CH—=NNHC,H; + C;H;N,Cl - CH,C—=NNHC,H,

N=—NC,H,
LX

1326 Ggult and Wahl, Compt. rend., 240, 983 (1955).

1320 Wahl and Le Bris, Bull. soc. chim. France, 1954, 587.

132¢c 'Wahl] and Le Bris, Compt. rend., 234, 631 (1952).

132¢ To Bris and Wahl, Bull. soc. chim. France, 1954, 248.

1326 Wahl, Bull. soc. chim. France, 1954, 251.

132/ Porai-Koshits and Muravich, J. Gen. Chem. U.S.S.R., 28, 1583-1593 (1953) [C. 4., 48
-11399 (1954)].

1320 Wizinger and Atakan, Helv. Chim. Acta, 39, 1330 (1956).

133 Konig, Ber., 57, 891 (1921).

184 Konig, Ber., 56, 1543 (1923).

135 Konig and Muller, Ber., §7, 144 (1924).

1356 Porai-Koshits and Dinaburg, J. Gen. Chem. U.S.S.R., 24, 2208 (1954) [C. A., 50,
310 (1956)].

138 Bamberger, Ann., 305, 289 (1899).

137 Nolting, Ber., 37, 2556 (1904).

138 Porter and Peterson, Org. Syntheses, Coll. Vol. III, 660 (1955).

139 Bamberger and Billeter, Helv. Chim. Acta, 14, 219 (1931).
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not take place with secondary hydrazones was mentioned on p. 5.1
The reaction of the phenylhydrazones of 2-hydroxy-1-nitroaldehydes with
degradation of the molecule to give an aldehyde and nitroformazan was
mentioned under the discussion of nitro compounds. The formazans
obtained from phenylhydrazones of aldoses have proved to be useful
derivatives of these sugars.13%—*

The hydrazones of only two kinds of ketones have been converted into
formazans. These are the arylhydrazones of o-keto acids (LXT)19,140-145
and the «-arylhydrazones of «,f-diketobutyric esters (LXII).19,69,142,146
With the first type coupling causes decarboxylation, and with the second
type an acetyl group is replaced. These eliminations are very similar to
the Japp-Klingemann reaction.

RCCO,H + C¢H,N,X — RCN=NC,H; + CO,

NNHC,H; NNHC,H;
LXI

CH,COCCO,R + CgHyN,X — C,H,;N=—NCCO,R + CH,CO,H
NNHC,H, NNHC,H,
LXII

Reports of the isolation of two isomeric forms of unsymmetrical
formazans!®!47 have been shown to be erroneous.!#-15¢ The unsym-
metrical formazans obtained by both possible routes (A and B) are
identical. The isolation of the same compound from both of these
reactions has been rationalized by the assumption that the product has
the structure of the resonance hybrid of the chelated forms LXTII 148,149

1396 Mester, J. Am. Chem. Soc., 77, 4301 (1955).

139 Mester and Major, J. Am. Chem. Soc., 78, 1403 (1956).

139¢ Zemplén and Mester, Acta Chim. Acad. Sci. Hung., 2, 9 (1952) [C. A., 48, 1966 (1954)].

139 Mester and Major, J. Am. Chem. Soc., 77, 4305 (1955).

139¢ Mester and Major, J. Am. Chem. Soc., 77, 4297 (1955).

139 Zemplén, Mester, Messmer, and Eckhart, Acta Chim. Acad. Sci. Hung., 2, 25 (1952)
[C. A., 48, 1966 (1954)].

140 Bamberger, Ber., 25, 3547 (1892).

141 Wedekind and Stauwe, Ber., 31, 1746 (1898).

142 Bamberger and de Gruyter, J. prakt. Chem., [2], 64, 222 (1901).

143 Busch and von Beust, Ber., 58, 442 (1925).

144 Ragno and Bruno, Gazz. chim. ital., 76, 485 (194€).

145 Fusco and Romani, Gazz. chim. ital., 78, 342 (1948).

146 Lapworth, J. Chem. Soc., 83, 1114 (1903).

147 Fichter and Schiess, Ber., 33, 747 (1900).

1148 Kuhn and Jerchel, Ber., 74, 941 (1941).

149 Hunter and Roberts, J. Chem. Soc., 1941, 820.

150 Hausser, Jerchel, and Kuhn, Chem. Ber., 84, 651 (1951).
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th
N—N
, 7\
Path A: RCH—NNHAr + ArNyCl —— RC\ H
N=I|\f
1Ar'
il
N—N
, . Vi \
Path B: RCH=NNHAr + ArNoCl —— RC\ H
N:riz’
Ar
LXII

A formazan in which the carbon is joined to a carboxyl,!9,70,140,151,152
acetyl,®®142 or oxalyl group'®® loses that group- when it couples with
another molecule of diazonium salt.

RNHN=CN=NR + ArN,Cl > RNHN=CN=NR

X N=—NAr
(X = —CO0,H, —COCH,, —COCO,H)

Heterocyclic Compounds

In this section are included those heterocyclic compounds that have a
" methylene group with a carbonyl group adjacent to it in the ring. These
reactants can exist in the tautomeric enolic form as well. .
Of the compounds in this group, the 5-pyrazolones have been investi-
gated most extensively because of the successful use of their azo
derivatives as dyes. No attempt has been made to include here all of
the pyrazolones that appear in the patent literature. The early patents
in this field have been reviewed by Roux and Martinet,'5* and some of
the more recent ones have been discussed by Venkataraman.!®> The
. l-aryl-3-methyl-5-pyrazolones (LXIV) have been used most frequently in
the preparation of dyes. Pyrazolones with a methyl group in the

151 Bamberger and Wheelwright, Ber., 25, 3201 (1892).

152 Chattaway and Lye, Proc. Roy. Soc. London, A137, 489 (1932) [C. A., 26, 5555 (1932)].

133 Bamberger and Miller, J. prakt. Chem., [2], 64, 199 (1901).

154 Roux and Martinet, Rev. gén. mat. color., 27, 115-120, 134-139, 152-155 (1923), 28,
13-14, 74-77 (1924).

155 Venkataraman, The Chemistry of Synthetic Dyes, Chapter XVIII, Academic Press,
New York, 1952.
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4-position fail to react with diazonium salts.!®® On the other hand,
pyrazolones with an ethylene, isopropylidene, or benzal group in the
4-position couple with the loss of that substituent.15?,158

H,0—CO

2 2 2
l [ | | | [ | |
ocC N ocC NH oC N ocC N
N/ ’ NS ANV AN
N N (0] N
I | |
Ar Ar . ‘ R
LXIV LXV LXVI LXVII

Other heterocycles that contain a methylene group active toward
diazonium salts include 3,5-pyrazolidinediones (LXYV), 5-isoxazolones
(LXVTI), 1,2,3-triazole-5-ones (LXVII), 2(3)-thianaphthenone (LXVIII),
3(2)-thianaphthenone (LXIX), 1-phenyloxindole (LXX), indoxyl (LXXT),
barbituric acid, and homophthalimide.

L] I Hz
7 \S/CO CH2

, LXVIII LXIX
Ik @
O _CH,
('36H5 N H

LXX LXXI

SYNTHETIC APPLICATIONS

" The reactions of diazonium salts with many aliphatic compounds have
been used only to prepare derivatives for purposes of characterization.
The adaptability of the reaction to large-scale syntheses is evident from
the quantities of dyes that have been produced from f-ketoamides and
5-pyrazolones. The Pschorr synthesis and related diazonium rihg closure
reactions are discussed in Chapter 7 of Organic Reactions, Volume 9.

Cinnolines

All of the general methods for the preparation of cinnolines employ the
intramolecular coupling of a diazonium salt with some aliphatic substituent
15 Verkade and Dhont, Rec. trav. chim., 64, 165 (1945).

157 Stolz, Ber., 28, 623 (1895).
158 Sawdey, Ruoff, and Vittum, J. Am. Chem. Soc., 72, 4947 (1950).
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in the ortho position. The Borsche synthesis!®® from o-aminophenyl
ketones (LXXII) has been used to prepare a variety of 3-, 5., 6-, 7-, and
8-substituted 4-hydroxycinnolines.??,24,37-41,189-167a,b The method of von
Richter'?® based upon o-aminophenylacetylenes (LXXIII) produces
3-carboxy- or 3-phenyl-4-hydroxycinnolines.?125 Cinnolines with alkyl
or aryl substituents in the 4 position are obtained by the Widman—
Stoermer synthesis from o-aminoarylethylenes (LXXIV).119-121,167c

OH
COCH,R  NaNo, + HX /ﬁR
B E——
NH, \N%N
LXXIT
OH
C=CR NaNO, + HX + H,0. /ﬁR
NH, ~ N¢N
LXXIII :
"
R R
C=CHR’ xa¥o, + HX ﬁR
T
NH, \N%N
LXXIV

3-Nitrocinnolines have been synthesized by coupling diazotized
o-aminobenzaldehyde or o-aminoacetophenone with nitromethane and
cyclizing the resulting arylhydrazone of nitroformaldehyde.1674

0-RCOC{H,N,X + CH,NO, — R
N\NO
0-RCOC;H,NHN=—CHNO, — /\ :
A
(R = Hor CH,)

159 Borsche and Herbert, Ann., 546, 293 (1941).
« 180 Koelsch, J. Org. Chem., 8, 295 (1943).
161 Atkinson and Simpson, J. Chem. Soc., 1947, 232.
182 Keneford and Simpson, J. Chem. Soc., 1947, 227.
163 Simpson, J. Chem. Soc., 1947, 237.
164 Keneford, Morley, and Simpson, J. Chem. Soc., 1948, 1702.
183 Schofield and Theobald, J. Chem. Soc., 1949, 2404.
168 McIntyre and Simpson, J. Chem. Soc., 1952, 2606.
1676 Alford, Irving, Marsh, and Schofield, J. Chem. Soc., 1952, 3009.
167 Castle and Kruse, J. Org. Chem., 17, 1571 (1952).
157¢ Albert and Hampton, J. Chem. Soc., 1952, 4985,
167¢ Baumgarten and DeBrunner, J. Am. Chem. Soc., 76, 3489 (1954).
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Indazoles

Intramolecular coupling of diazotized o-toluidines has been used to
prepare a number of substituted indazoles. This method is best for the
synthesis of nitroindazoles (LIX). A good yield of indazole-3-carboxylic
acid is obtained via the nitrile XLII from o-aminophenylacetonitrile, 95,168
A method for the preparation of l-aryl-6-nitroindazoles (XXXVIII)
employs the reaction of a diazonium salt with methyl 2,4-dinitrophenyl-
acetate. When the resulting hydrazone is treated with alkali, it
undergoes ring closure with the loss of one nitro group.?8-80

Tetrazolium Salts

When a formazan is oxidized with lead tetraacetate, a tetrazolium salt
(LXXYV)is produced. The formazans in turn are synthesized by coupling
a diazonium salt with an arylhydrazone. This general route appears to
be the only good one for the preparation of tetrazolium salts. The
preparations and uses of formazans and tetrazolium salts have been
reviewed by Ried!%® and by Nineham.16°

RCH=NNHAr + Ar'N,X —

N—NAr J+
Pb(OCOCH;),, /
RC=NNHAr —— X > | RC X-
I then HX
N=—=NAr’ ’ N=NAr’
LXXV
Thiocarbazones

The first step in the synthesis of thiocarbazones utilizes the reaction of
nitromethane with two equivalents of diazonium salt.20,196,170 The
resulting nitroformazan is reduced by ammonium sulfide to the thio-
carbazide LXXVI which is oxidized readily to the thiocarbazone.

NO,
(NH,),S
2ArN,X + CH,NO, - ArNHN=—CN=NAr — —~*»
S
0
(AINENH),CS ~2> ArNHNHCN—NAr

LXXVI

188 Rousseau and Lindwall, J. Am. Chem. Soc., 72, 3047 (1950).
169 Ried, Angew. Chem., 64, 391 (1952); Nineham, Chem. Revs., 55, 355 (1955).
170 Qesper and Klingenberg, J. Org. Chem., 13, 309 (1948).
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A related synthesis starts with chloromalonic acid.'’% In this method
the chloroformazan is converted directly to the thiocarbazone by sodium
hydrogen sulfide. ' .

Cl |S

NaSH
2ArN,X + CICH(CO,H), - ANHN—CN=—NAr — > ArNHNHCN—NAr

Amidrazones*

The catalytic reduction of arylhydrazones of «-nitrobenzaldehyde
(LXXVII) offers a convenient synthesis of amidrazones.’ Coupling of
a diazonium salt with phenylnitromethane furnishes the required hydra-
zone. Ponzio obtained the amidrazones from the reaction of the
a-nitrobenzaldehyde arylhydrazone with ammonia.1??

|, (Ni
ArN,X + C,H,CH,NO, —» C,H,C—NNHAr —> 05 ¢ H,C—NNHAr
NO, NH,
LXXVII
Amines

The only report of the use of the coupling reaction to introduce the
amino group into active methylene compounds appears in the patent
literature.’” In this method the phenylhydrazones obtained from ethyl
acetoacetate, ethyl cyanoacetate, or acetylacetone and benzenediazonium
chloride were reduced with zinc and acetic acid to give the x-acetamido
compounds. '

EXPERIMENTAL CONDITIONS

Diazonium salts react with so many different types of aliphatic com-
pounds that it is difficult to make generalizations about experimental
conditions. However, the following summary may serve as a useful
guide.

Diazonium Salts

For the diazotization of most arylamines a solution of sodium nitrite
is added to a cold solution of the arylamine in aqueous mineral acid.

170¢ Trving and Bell, J. Chem. Soc., 1953, 3538.

* Amidrazones may be represented by the general formula RC(NH,)=NNHR’. They
are indexed in Chemical Abstracts as the hydrazones of amides.

171 Jerchel and Fischer, Ann., 574, 85 (1951).

172 Ponzio, Gazz. chim. ital., 40, I, 312 (1910).

173 Pfister and Tishler, U.S. pat. 2,489,927 [C. 4., 44, 2552 (1950)].
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For weakly basic amines or amino acids it is necessary to employ special
techniques. These methods have been reviewed by Saunders.14

Solvents

These reactions have been conducted most frequently in cold dilute
aqueous solutions buffered with sodium acetate. Alcohol or occasionally
pyridine or acetic acid is added if the reactants are too insoluble in water.
Special reactions that have been carried out under anhydrous conditions
were discussed under Scope and Limitations, pp. 22-23.

pH

Reaction can occur between a diazonium salt and many active methylene
compounds over a wide pH range. Coupling in dilute hydrochloric
acid®® 82 or in dilute sodium hydroxide!?® is usually less satisfactory than
coupling in the presence of sodium carbonate or sodium acetate buffers.3?
The general practice is to use a large excess of sodium acetate.

Hinig and Boes made an extensive study of the relative reactivity of
various methylene compounds, XCH,Y, toward p-nitrobenzenediazonium
fluoroborate over a pH range from 2 to 10.1% The lowest pH at which
a compound would couple was taken as an indication of its reactivity.
The substituents X and Y arranged in the order of their decreasing
ability to activate were: NO, CHO, COCH,, CN, CO,C,H,, CONH,,
CO,CH,, SO,C,H;, SOCH,, C¢H,. Only the most active compounds
coupled in acidic solution, and the least active failed to couple even in
alkaline solution.

In the intramolecular coupling reactions used to prepare cinnolines or
indazoles a strongly acidic solution is employed. This promotes the
coupling reaction and decreases the competing decomposition of the
diazonium salt to the phenol. Acidic solutions are used in the reactions
of diazonium salts with hydrocarbons for similar reasons.

The optimum reaction conditions for nitro compounds vary consider-
ably. It has been customary to employ an aqueous solution of the
sodium salt of the aci-nitro compound. The coupling of nitromethane,
on the other hand, proceeds well at a pH of 4.5.20  With nitro alcohols a
fairly high pH is required. The reaction of 2-nitro-1-butanol with
p-chlorobenzenediazonium chloride does not occur below pH 10.8, and
best yields are obtained at pH 13.9.19 It has been reported that solutions

174 Saunders, The Aromatic Diazo-Compounds, Edward Arnold & Co., London, 1949.
175 von Rothenburg, Ber., 27, 685 (1894).



32 ORGANIC REACTIONS

of 1-N-morpholino-2-nitropropane between pH 7 and 10 explode with
great violence during the coupling process. 176

Reactant Ratios

Equivalent amounts of reactant and diazonium salt are most commonly
employed. Excess diazonium salt should be avoided since the product
is frequently a hydrazone which can couple with another molecule of the
salt to produce a formazan derivative. The latter reaction is favored by
a strongly alkaline solution.

Time of the Reaction

Since most of the coupling reactions are rapid, the product can be
isolated soon after the diazonium salt has been added. However, the
reactions that involve intramolecular coupling require more time for
completion. In the preparation of indazoles, the diazotized o-toluidine
derivative may be left for several days to effect the ring closure.137,138
Likewise, the formation of cinnolines is often slow.23,38,39,164-167a~d For
certain cinnolines this cyclization is accelerated by the use of a warm,
strongly acidic reaction medium.37,49

EXPERIMENTAL PROCEDURES

The preparation of pyruvaldehyde l-phenylhydrazone from acetoacetic
acid and benzenediazonium chloride in 73-829, yield is described in
Organic Syntheses.

Directions for the preparation of 5.nitroindazole in yields of 72-809,
by the intramolecular coupling of diazotized 2-methyl-4-nitroaniline are
given in Organic Syntheses. 138

Ethyl a,8-Dioxobutyrate a-Phenylhydrazone.?® A solution of
73 g. (1.06 moles) of sodium nitrite in 250 ml. of water is added slowly
below the surface of a cold, well-stirred solution of 93 g. (1.0 mole) of
aniline in 500 ml. of 5 N hydrochloric acid. The temperature of the
solution is kept at 0-5° during the addition. After ten minutes the
solution is made alkaline to Congo red by the addition of saturated
sodium acetate solution. The diazonium solution is added slowly with
stirring to a cold slurry of 130 g. (1.0 mole) of ethyl acetoacetate, 120 g.
(1.46 moles) of sodium acetate, and 200 ml. of water in 750 ml. of ethanol.
The temperature is held below 10° during the addition. The mixture is
stirred for a further thirty minutes at 5-10° and for ninety minutes at

1768 Van Biema and Degering, J. Am. Chem. Soc., 66, 1514 (1944).
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room temperature. One liter of water is added before the yellow solid
is collected. The yield is 229 g. (989,) of product that melts at about
70°, but whose melting point varies markedly with the rate of heating.

Ethyl Cyanoglyoxalate m-Chlorophenylhydrazone.” A solution
of 38 g. (0.30 mole) of m-chloroaniline in 85 ml. of concentrated hydro-
chloric acid and 300 ml. of water is cooled to 5° with stirring. Diazotiza-
tion is effected by the slow addition of a solution of 23 g. (0.33 mole) of
sodium nitrite in 50 ml. of water while the temperature is held below 5°.
The solution is stirred with activated carbon for an additional ten minutes
(temperature below 10°) and filtered. The filtrate is added dropwise
during one hour to a well-stirred mixture of 33.9 g. (0.30 mole) of ethyl
cvanoacetate in 300 ml. of water at 5-10°. Sodium carbonate (100 g.) is
added in small portions to keep the mixture alkaline to litmus. The
mixture is extracted with ether until the extracts are no longer colored.
The combined ether extracts are dried over magnesium sulfate and
concentrated. The residue is crystallized from ethanol to give 73 g.
(979%,) of pale-orange crystals, m.p. 89-90°.

By the same procedure, diethyl malonate is converted into diethyl
mesoxalate m-chlorophenylhydrazone in 789, yield. Likewise, ethyl
acetoacetate is converted into ethyl «,f-dioxobutyrate «-m-chlorophenyl-
hydrazone in 789, yield. .

1-Nitro-1-p-chlorophenylhydrazonoethane.?® To a cold solution
of 8.4 g. (0.066 mole) of p-chloroaniline in 17 ml. of concentrated hydro-
chloric acid and 200 ml. of water is added slowly with stirring a solution
of 4.7 g. (0.068 mole) of sodium nitrite in 50 ml. of water. The tempera-
ture is held at 0-5° during the addition. After ten minutes, the solution
is diluted with 1.7 1. of cold water, and 30 g. of sodium acetate trihydrate
is added. Meanwhile, 5 g. (0.066 mole) of nitroethane is dissolved in an
ice-cold solution of 2.6 g. of sodium hydroxide in 20 ml. of water. The
nitroethane solution is added dropwise during ten minutes to a well-
stirred solution of the diazonium salt. The temperature of the mixture
is held at 5-10° during the addition. After thirty minutes the orange
solid is collected. The yield of product melting at 116-118° is 14 g.
(1009%,). Recrystallization from ethanol gives orange-yellow crystals
which decompose at 126-127° when placed in a bath preheated to 120°.

1-(p-Nitrophenylazo)-2,3-dimethyl-1,3-butadiene.’®> A warm
solution of 13.8 g. (0.10 mole) of p-nitroaniline in 25 ml. of concentrated
hydrochloric acid and 25 ml. of water is poured onto 100 g. of ice. The
mixture is stirred with a solution of 7 g. (0.10 mole) of sodium nitrite in
50 ml. of water until the solid dissolves. The solution is diluted with
100 ml. of water and shaken for two hours with 9g. (0.11 mole) of

176b Bamberger and Grob, Ber., 35, 67 (1902).
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2,3-dimethyl-1,3-butadiene.1?¢  The solid is collected and dried to give
12 g. (47%,) of product. After recrystallization from acetic acid contain-
ing some charcoal, the produet melts at 177°. .

N,N’-Diphenyl-C-methylformazan.’*®* Aqueous benzenediazonium
chloride is prepared by the addition of a solution of 7 g. (0.1 mole) of
sodium nitrite in 15 ml. of water to 9.3 g. (0.1 mole) of aniline dissolved
in 25ml. of concentrated hydrochloric acid and 25 ml. of water. A
warm solution of 13.4 g. (0.1 mole) of acetaldehyde phenylhydrazone (« or
B form) in 100 ml. of ethanol is mixed with a warm solution of 30 g. of
sodium acetate trihydrate in 150 ml. of ethanol. The mixture is cooled
to 5° with vigorous stirring before the diazonium salt solution is added
dropwise. The product separates as an oil which soon solidifies. The
solid is collected and washed with a little cold ethanol to give 21 g. (889%,)
of N,N’-diphenyl-C-methylformazan, which melts at 123°. Recrystalliz-
ation from ethanol raises the melting point to 125°.

4-Hydroxy-3-methylcinnoline.4® To a cold solution of 455g. -
(0.31 mole) of o-aminopropiophenone in 1.2 1. of concentrated hydrochloric
acid is added slowly with stirring 23 g. (0.33 mole) of sodium nitrite in
30 ml. of water. The temperature is kept at 5-10° during the addition.
The solution is filtered, and 4 1. of concentrated hydrochloric acid is added
to the filtrate. The reaction mixture is warmed at 60° for four hours
before it is evaporated to a small volume under reduced pressure. An
excess of saturated sodium acetate solution is added to precipitate the
product, which is collected and dried to give 40.7 g. (839,) of almost pure
4-hydroxy-3-methylcinnoline. Recrystallization from 509, aqueous eth-
anol gives slender, silvery needles, m.p. 241-242°,

TABULAR SURVEY OF THE COUPLING OF DIAZONIUM SALTS
WITH ALIPHATIC CARBON ATOMS

The tables include those reactions recorded prior to the January, 1956,
issue of Chemical Abstracts. Some more recent examples are also given.
The reactants within a table are in general listed in order of increasing
size and complexity.

Where more than one reference is given for a single entry, the yield
Teported is taken from the first reference. Since yields are but infre-
quently reported, the omission of parenthesized figures in the product
column indicates that no yield was reported.

176¢ Allen and Bell, Org. Syntheses Coll. Vol. 3, 312 (1955).



TABLE I
COUPLING OF DIAZONIUM SALTS WITH KETONES
A. Monoketones

Substituent(s)
Ketone 4 in Aniline*  Product (Yield, %) - References
Acetone . — C:H;NHN=—C(COCH,;)N=NC.H; 25
Chloroacetone ‘ — CH,COC(Cl)=NNHCH; (30) o 28
2-Methyl CH4COC(Cl)=NNHC;H,CH;-0 (25) 28
4-Methyl CH,COC(C1)=NNHCH,CH;-p (15) 28
o,a’-Dichloroacetone — CICH,COC(Cl)=NNHC:H; ) 177
2-Methyl CICH,COC(Cl)=NNHCH,CH;-0 177
4-Methyl CICH,COC(Cl)=NNHCH,CH;-p 177
a,a-Dichloroacetone — (CeH;N=N),CCl, 177
4-Methyl (p-CH;CeH N=N),CCl, 177
sym-Tetrachloroacetone — (CeH;N=N),CCl, 177
: -4 4-Methyl (p-CH3CH,N=N),CCl, 177
Nitroacetone 4-Nitro CH;COC(NO,)=NNHCH,/NO,-p (59) 19¢
Methylsulfonylacetone 4-Nitro CH,;S0,C(COCH,;)=NNHCH,NO,-p (70) 19¢
4-Imino-2-pentanone —_ CH,;COC(N=NCH;)=—C(NH,)CH,4 178
Pyruvic acid — C:H;NHN=—C(N=NCH,;)COCO,H (57) 153, 227
Levulinic acid — Diformazylt (88) . 179, 153, 180
y-Oxopimelic acid — Diformazylt}i (13-17) 153, 180
Cyclopentane-1,2-dione e Cyclopentane-1,2,3-trione 1-phenylhydrazone 33
a-Hydroxy-o-methyl-y- — «-Hydroxy-a-methyl-g,y-dioxoglutaric acid lactone f-phenyl- 181
oxoglutaric acid lactone hydrazone )
Ethyl 3-hydroxy-2,5-dioxo-3- — Ethyl 3-hydroxy-2,5-dioxo-4-phenylazo-3-cyclopentene-1- 182
cyclopentene-1-carboxylic acid carboxylic acid :
2,4-Dinitrophenylacetone — 1-(2,4-Dinitrophenyl)propane-1,2-dione 1-phenylhydrazone 29
2-Nitro-4- ' — 1-(2-Nitro-4-carbomethoxyphenyl)propane-1,2-dione 183
carbomethoxyphenylacetone 1-phenylhydrazone

Note: References 177—480 are on pp. 136-142.

* The full name is given when it is awkward to name the arylamine as a derivative of aniline.
1 The formula of the formazyl radical is CCH,NHN=—CN=—=NCyH;.

1 Succinic acid was eliminated. |
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Substituent R in
N—CR

CH,COCH,C

ANV
0

Phenyl
p-Tolyl

m-Nitrophenyl

Substituent(s)
in Aniline
2-Methyl
4-Methyl
2,4-Dimethyl
2,5-Dimethyl
2-Methoxy
3-Methoxy
3-Chloro
4-Chloro
2-Nitro
3-Nitro
4-Nitro

4-Dimethylamino

2-Carboxy
4-Carboxy

a-Naphthylamine
p-Naphthylamine

4-Phenyl
4-Benzyl

3,3-Dimethoxybenzidine

2-Methoxy

TABLE I—Continued

A. Monoketones—Continued

Substituents in Product,

N——CR
CHaCOC(”) IHI
R’HNIUI \ O/
R’ R
Phenyl Phenyl
Phenyl p-Tolyl
o-Tolyl p-Tolyl
p-Tolyl p-Tolyl
2,4-Dimethylphenyl p-Tolyl
2,5-Dimethylphenyl p-Tolyl
0-Anisyl p-Tolyl
m-Anisyl p-Tolyl
m-Chlorophenyl p-Tolyl
p-Chlorophenyl p-Tolyl
o-Nitrophenyl p-Tolyl
m-Nitrophenyl p-Tolyl
p-Nitrophenyl p-Tolyl
p-Dimethylaminophenyl p-Tolyl
o-Carboxyphenyl p-Tolyl
p-Carboxyphenyl p-Tolyl
a-Naphthyl p-Tolyl
p-Naphthyl p-Tolyl
p-Biphenylyl p-Tolyl
p-Benzylphenyl p-Tolyl
3.3-Dimethoxybiphenylene p-Tolyl

Phenyl
0-Anisyl

m-Nitrophenyl
m-Nitrophenyl

Yield,
%
40
35
55
40
40
35
35
55
30
45
20
20
25
50
45
40
35
40
45
20
80
50

References

31, 32
31, 32
31, 32
31, 32
31, 32
32
31, 32
31, 32
31, 32
31, 32
31, 32
31, 32
31, 32
31, 32
31, 32
31, 32
31, 32
31, 32
31, 32
31, 32
32
31, 32
31, 32

9¢
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Ketone

Acetonylpyridinium bromide

Phenacyl chloride

4-Carbomethoxy-3-methyl-5-phenyl-
3-cyclohexenone

4-Carbethoxy-3-methyl-5-phenyl-3-
cyclohexenone

4-Carbethoxy-3,5-diphenyl-1,3-cyclo-
hexadien-1-ol

Phenyl 2,4-dinitrobenzyl ketone

Phenacylpyridinium bromide

p-Bromophenacylpyridinium bromide
5-p-Nitrophenacyl-3-p-tolyl-
1,2,4-oxadiazole

Tropinone
1-Ethoxalylindene '

Note: References 177-480 are on pp.

Substituent(s)
in Aniline

2-Nitro
3-Nitro
4-Nitro

2-Methoxy
4-Nitro

3-Nitro
4-Nitro

136-142.

Product (Yield, %)

+ -
CH;COC(NC;H;)=NNCgH; (84)
CeH;COC(Cl)=NNHCH;
4-Carbomethoxy-3-methyl-5-phenyl-3-cyclohexene-
1,2-dione 2-phenylhydrazone
4-Carbethoxy-3-methyl-5-phenyl-3-cyclohexene-1,2-
dione 2-phenylhydrazone
4-Carbethoxy-3,5-diphenyl-3-cyclohexene-1, 2-dione
2-phenylhydrazone
2,4-(NO,),CeH;COC(C.H;)=NNHC¢H; (quant.)

O, H,COC(NC,H,)—NNC, H, (89)

CH,COC(NC,H;)—NNC,H,NO,-0
C,H,COCNC, H,)—NNC,H,NO,-m
CyH,COO(NC,H,)—NNC,H,NO,-p

+ -

p-BrC;H,COC(NC;H;)=—NNCH; (74)
1-(3-p-Tolyl-1,2,4-oxadiazol-5-yl)-3-p-nitrophenyl-

ethane-1,2-dione 1-phenylhydrazone (65)
1-(8-p-Tolyl-1,2,4-oxadiazol-5-y1)-3-p-nitrophenyl-

ethane-1,2-dione 1-0-methoxyphenylhydrazone (20)
1-(3-p-Tolyl-1,2,4-oxadiazol-5-yl)-3-p-nitrophenyl-

ethane-1,2-dione 1-p-nitrophenylhydrazone (20)
2,4-Dioxotropinone diphenylhydrazone (80)
1-Phenylazo-1-ethoxalylindene
1-m-Nitrophenylazo-1-ethoxalylindene
1-p-Nitrophenylazo-1-ethoxalylindene

References

30
177
276

276

277

78
30
30
30
30
184
32
32
32

34
35
35
35
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Ketone
(0]

I

——|CH,
(CHy), o 1,

(Methylenebismethone)

Ethyl 2-quinolylpyruvate
Ethyl 2-quinoxalylpyruvate

Ethyl 2-quinazolylpyruvate
Ethyl 2-benzoxazolylpyruvate

-

TABLE I—Continued

A. Monoketones—Continued

Substituent(s)
in Aniline

2-Methyl
2,3-Dimethyl
2,5-Dimethyl
4-Bromo
a-Naphthylamine
f-Naphthylamine
Benzidine
4-Bromo

4-Bromo

4-Bromo
4-Bromo

Product (Yield, %)

2,2’-Methylenebis-(3-hydroxy-5,5-dimethyl-6-
phenylazo-2-cyclohexen-1-one) (quant.)

2,2’-Methylenebis-(3-hydroxy-5,5-dimethyl-6-0-
tolylazo-2-cyclohexen-1-one)
2,2’-Methylenebis-[3-hydroxy-5,5-dimethyl-6-
(2,3-xylylazo)-2-cyclohexen-1-one]
2,2’-Methylenebis-(3-hydroxy-5,5-dimethyl-6-p-
xylylazo-2-cyclohexen-1-one)
2,2’-Methylenebis-(3-hydroxy-5,5-dimethyl-6-p-
bromophenylazo-2-cyclohexen-1-one)
2,2’-Methylenebis-(3-hydroxy-5,5-dimethyl-6-o-
naphthylazo-2-cyclohexen-1-one)
2,2’-Methylenebis-(3-hydroxy-5,5-dimethyl-6-5-
naphthylazo-2-cyclohexen-1-one) .
0 :
N,N’-Di-(p-bromophenyl)-C-2-quinolylformazan (79)§
N,N’-Di-(p-bromophenyl)-C-2-quinoxalylformazan
(78)
N,N’-Di-(p-bromophenyl)-C-2-quinazolylformazan
N.N’-Di-(p-bromophenyl)-C-2-benzoxazolylformazan
(76)

References
186, 185

185, 186
185, 186
185
185, 186
185, 186
185, 186
186
36a
36a

36a
36a
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Ethyl 2-benzothiazolylpyruvate

Ethyl 2-0x0-5-(2-benzoxazolyl)-4-
pentenoate

Ethyl 2-o0x0-5-(2-benzothiazolyl)-4-
pentenoate -

p-Ketoaldehyde
p-Oxobutyraldehyde

p-Oxovaleraldehyde
5-Methyl-3-0x0-4-hexenal
B-Oxo-f-phenylpropionaldehyde
B-0xo0-8-p-tolylpropionaldehyde
B-Oxo-f-p-anisylpropionaldehyde

p-Diketone

Pentane-2,4-dione

4-Bromo
4-Bromo -

4-Bromo

Substituent(s)
in Aniline

4-Nitro

Substituent(s)
in Aniline*
4-Methyl
4-Bromo
2,4-Dibromo
2,4,6-Tribromo
2-Nitro

Note: References 177—-480 are on pp. 136-142.
* The full name is given when it is awkward to name the arylamine as a derivative of aniline.
§ These compounds are named as derivatives of the hypothetical formazan, H,NN=—CHN=—NH.

N,N’-Di-(p-bromophenyl)-C-2-benzothiazolylformazan

(62)

N,N’-Di-(p-bromophenyl)-C-[2-(2-benzoxazolyl)vinyl]

formazan

N,N’-Di-(p-bromophenyl)-C-[2-(2-benzothiazolyl)-

vinyl]formazan (46)

B. f-Ketoaldehydes

Product (Yield, %)
CH,COC(CHO)—NNHGC,H,
CH,COC(CHO)—=NNHCH,NO,-p (17) .
C,H,COC(CHO)—NNHC,H;
(CH,),C=CHCOC(CHO)=NNHC,H,
C,H,COC(CHO)—=NNHC,H,
p-CH,C,H,COC(CHO)=NNHC,H,
p-CH,0CH,COC(CHO)=NNHC,H,

C. p-Diketones

Product (Yield, %)

CH,COC(COCH,)=NNHCHj,
CH,COC(COCH,)=NNHCH,CH,-p (92)
CH,COC(COCH,)=NNHCH,Br-p
CH,COC(COCH,)=NNHCH,Br,-2,4
CH,COC(COCH,)=NNHC,H,Br,-2,4,6
CH,COC(COCH,)=—NNHC H,NO,-0

36a
36a

36a

References

49
19¢
50
51
49
50°
50

References

12,187, 188
189
190
190
190

188,190
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f-Diketone
Pentane-2,4-dione (Cont.)

Pentane-2,4-dione enol ethyl ether
1,5-Dichloropentane-2,4-dione
Hexane-2,4-dione
Heptane-2,4-dione

TABLE I—Continued .

C. B-Diketones—Continued

Substituent(s)

in Aniline*

3-Nitro

4-Nitro
4-Methyl-3-nitro
4-Bromo-2-nitro
2,4-Dibromoc-6-nitro
Benzidine

3,3’-Dimethyl-
benzidine
3,3’-Dimethoxy-
benzidine
4-(3-Methyl-5-phenyl-
pyrazol-1-yl)
1-Phenyl-2,3-dimethyl-
4-amino-5-iso-
pyrazolone
1-Phenyl-3,5-dimethyl-
4-aminopyrazole
3,5-Dimethyl-4-
aminopyrazole
5-Amino-3-isopropyl-
1,2,4-triazole
4-Nitro
4-Nitro
4-Nitro

Product (Yield, %)

CH;COC(COCH,4)=NNHC,H,NO,-m
CH,;COC(COCH,;)=NNHCH,NO,-p
CH,COC(COCH,;)=—NNHCH,CH;-4-NO,-3
CH4COC(COCH,4)=NNHC;H;Br-4-NO,-2
CH,COC(COCH,;)=NNIIC,H,Br,-2,4-NO,-6
3,3’-(4,4"-Biphenylenedihydrazono)bis(pentane-
2,3,4-trione)
3,3’-(3,3’-Dimethyl-4,4’-biphenylenedihydrazono)
bis(pentane-2,3,4-trione)
3,3’-(3,3’-Dimethoxy-4,4’-biphenylenedihydrazono)
bis(pentane-2,3,4-trione)
Pentane-2,3,4-trione 3-arylhydrazone

Pentane-2,3,4-trione 3-arylhydrazone

Pentane-2,3,4-trione 3-arylhydrazone
Pentane-2,3,4-trione 3-arylhydrazone
Pentane-2,3,4-trione 3-arylhydrazone
CH;COC(COCH,;)=—=NNHC;H,NO,-p
CICH,COC(COCH,C1)=NNHCH,NO,-p

CH,COC(COC,H;)=NNHCH,NO,-p
CH,COC(COCH,C,H,)=NNHC,H,

References

188

188, 190

189
190
190

191, 192

191, 192

191, 192

193

194

195
196
197
198
199

199
200

/
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6-Methylheptane-2,4-dione
Heptane-3,5-dione
Heptane-2,4,6-trione

Nonane-4,6-dione

1-Phenylbutane-1,3-dione

1-0-Anisylbutane-1,3-dione
1-(2,4-Dimethoxyphenyl)butane-
1,3-dione
1-(2,4-Diethoxyphenyl)butane-
1,3-dione
1-Phenylpentane-2,4-dione
2,8-Dimethylnonane-4,6-dione
1-Phenylhexane-3,5-dione
1,3-Diphenylpropane-1,3-dione

1,3-Di-p-nitrophenylpropane-1,3-
dione

4-Nitro
4-Chloro

4-Chloro

4-Nitro

2-Nitro

4-Nitro

4-Acetamido

2,4-Dibromo

2,4,6-Tribromo

3,5-Dimethyl-4-
aminopyrazole

4-Nitro

4-Nitro

4-Nitro
4-Nitro
4-Nitro
4-Nitro
4-Sulfo
4-Nitro

Note: References 177-480 are on pp. 136-142.
* The full name is given when it is awkward to name the arylamine as a derivative of aniline.
|| This product was obtained by the use of excess diazonium salt.

(CH,),CHCH,COC(COCH4)=NNHCH,NO,-p
C,H,COC(COC,H;)=NNHCH,Cl-p
(CcH;NHN=CHCOCHN=NCH;),CO
2,6-Dimethyl-3,5-diphenylazopyrone
n-C;H,COC(COCH,-n)=—=NNHC.H,Cl-p
n-CgH,COC(COC;H,;-n)=—=NNHC,H,NO,-p
CeH;COC(COCH4)=NNHCH; (90)
CeH,N=NC(COCH;)=NNHCH;|| (25)
C¢H;COC(COCH,;)=NNHCH,NO,-0
CeH;COC(COCH,)=NNHCH,NO,-p (quant.)
C¢H;COC(COCH,)=NNHC;H,NHCOCH;-p
CgH;COC(COCH,)—=NNHCH;Br,-2,4
CH;COC(COCH,;)=NNHCH,Br,;-2,4,6
1-Phenylbutane-1,2,3-trione 2-(3,5-dimethyl-4-
pyrazolyl)hydrazone
0-CH;0C¢H,COC(COCH;)=NNHCH,NO,-p
2,4-(CH;0),C¢HCOC(COCH,;)=NNHCH,NO,-p

2,4-(C,H,;0),CH;COC(COCH,)=NNHC,H; (good)

CH;CH,COC(COCH,)=—=NNHCH,NO,-p
[(CH4),CHCH,CO1,C=NNHCH,NO,-p
C¢H,CH,CH,COC(COCH,)=NNHC,H,NO,-p (70)
(CgH,C0),C=NNHCH,
(CeH4CO0),C=NNHCH,NO,-p
(CH4C0),C=NNHC,H,SO,H-p
(p-0,NCH,C0),C=NNHCH,NO,-p

199
199
201
202
199
199
42, 187
203, 204
205
205, 2068
207
42
42
196

208
208

210, 209

199
199
211
187
199
187
199
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f-Diketone

1-(3,5-Dimethoxyphenyl)-3-
phenylpropane-1,3-dione
1-(2,4,6-Trimethoxyphenyl)-3-
phenylpropane-1,3-dione
1-(2,4,6-Trimethoxyphenyl)-3-
p-anisylpropane-1,3-dione
1-(2,4,6-Trimethoxyphenyl)-3-
(2-ethoxyphenyl)propane-1,3-
dione
1-(2,4,6-Trimethoxyphenyl)-3-
(3-methoxy-4-ethoxyphenyl)-
propane-1,3-dione
1,4-Diphenylbutane-1,3-dione
1,5-Diphenylpentane-2,4-dione
1-(2-Hydroxy-1-naphthyl)-3-
phenylpropane-1,3-dione
a,y-Dioxovaleric acid
Ethyl «,y-dioxovalerate

TABLE I—Continued

C. p-Diketones—Continued

Substituent(s)
in Aniline*

4-Nitro

2-Methyl
4-Methyl
3-Chloro
3-Bromo
2-Nitro
3-Nitro
4-Nitro

Product (Yield, %)
3,5-(CH;30),C¢H,COC(COCH;)=NNHC H,

2,4,6-(CH,0);CeH,COC(COCH;)=NNHC,H;

2,4,6-(CH,0);C,H,COC(COCH,0CH -p)=—
NNHCH,

2,4,6-(CH,0),CH,COC(COC,H,0C,H;-p)=
NNHCH, :

2,4,6-(CH,0)yCeH,COC(COC,H,0CH;-
3-0C,H;-4)—=NNHC,H,

CeH;CH,COC(COCH;)—=NNHCH; (quant.)
(C¢H;CH,CO),C=NNHCH,NO,-p
1-(2-Hydroxy-1-naphthyl)-3-phenylpropane-1,2,3-
trione 2-phenylhydrazone (79)
CH;COC(COCO,H)=—=NNHCH;
CH,;COC(COCO,C,H;)=NNHCH; (96)
CH;COC(COCO,C,H;)—=NNHCH,CH,-0 (78)
CH,COC(COCO,C,H;)=NNHCH,CH,-p (98)
CH,;COC(COCO,C,H;)=NNHC.H,Cl-m (99)
CH,;COC(COCO,C,H;)—=NNHCH,Br-m (99)
CH;COC(COCO,CyH;)=NNHCH,NO,-0 (73)
CH;COC(COCO,C,H;)=—=NNHC,H,NO,-m (90)
CH3COC(COCO,CH;)=NNHCHNO,-p (76)

oy

References
212

209
209

209

209

213
199
214

215
216, 187
216
216
216
216
216
216
216
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Diethyl xanthochelidonate
a,y-Dioxo-y-phenylbutyric acid
Ethyl «,y-dioxo-y-phenylbutyrate

Ethyl «,y-dioxo-y-(p-
acetamidophenyl)butyrate

Ethyl 2,4-diox0-6-methyl-5-
heptenoate '

Ethyl o,y-dioxo-y-[p-(3,4-
dicarbethoxy-2,5-dimethyl-
pyrazol-1-yl)phenyl]butyrate

Cyclohexane-1,3-dione
5,5-Dimethylcyclohexane-1,3-
dione (methone)

Note: References 177-480 are on pp. 136-142.

2-Carboxy
Benzidine

4-Nitro

4-Methyl

2-Methyl
3-Methyl
4-Methyl
4-Nitro

Diethyl f,d-diphenylazoxanthochelidonate

CH,COC(COCO,H)=NNHC,H;

CeH;COC(COCO,C,H;)=NNHCH,

C:H;COC(COCO,C,H;)—=NNHCH,CO,H-0

B,6’-(4,4’-Biphenylenedihydrazono)bis(ethyl «,8,y-
trioxo-y-phenylbutyrate)

Ethyl «,8,y-trioxo-y-(p-acetamidophenyl)butyrate
pB-phenylhydrazone

Ethyl 2,3,4-trioxo-6-methyl-5-heptenocate
3-p-nitrophenylhydrazone

Ethyl o,f,y-trioxo-y-[p-(3,4-dicarbethoxy-2,5-

dimethylpyrazol-1-yl)phenyl]butyrate

p-phenylhydrazone

Cyclic $-Diketones

Cyclohexane-1,2,3-trione 2-p-tolylhydrazone
5,5-Dimethylcyclohexane-1,2,3-trione 2-phenylhydrazone

5,5-Dimethylcyclohexane-1,2,3-trione 2-o-tolylhydrazone

5,5-Dimethylcyclohexane-1,2,3-trione 2-m-tolylhydrazone

5,5-Dimethylcyclohexane-1,2,3-trione 2-p-tolylhydrazone

5,5-Dimethylcyclohexane-1,2,3-trione 2-p-nitrophenyl-
hydrazone

* The full name is given when it is awkward to name the arylamine as a derivative of aniline.
9 Other products were also isolated from the reaction mixture.

202
217
187, 217
217
217

218
9

219

43
44, 45

45
45
46
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p-Diketone

5,5-Dimethylcyclohexane-1,3-
dione (methone) (Cont.)

5-Phenyleyclohexane-1,3-dione

TABLE I—Continued

D. Cyclic -Diketones—Continued

Substituent(s)

in Aniline*
2-Arsono
3-Arsono
4-Arsono
a-Naphthylamine
p-Naphthylamine
Benzidine

3,3’-Dimethyl-
benzidine

3,3’-Dimethoxy-
benzidine

Product (Yield, %)

5,5-Dimethylcyclohexane-1,2,3-trione 2-0-arsonophenyl-

hydrazone

5,5-Dimethylcyclohexane-1,2,3-trione 2-m-arsonophenyl-

hydrazone

5,5-Dimethylcyclohexane-1,2,3-trione 2-p-arsonophenyl-

hydrazone

5,5-Dimethylcyclohexane-1,2,3-trione 2-a-naphthyl-

hydrazone

5,5-Dimethyleyclohexane-1,2,3-trione 2-g-naphthyl-

hydrazone

2,2’-(4,4’-Biphenylenedihydrazono)bis-[5,5-dimethyl-

cyclohexane-1,2,3-trione]

2,2’-(3,3’-Dimethyl-4,4’-biphenylenedihydrazono)bis-

[6,56-dimethylcyclohexane-1,2,3-trione]

2,27-(3,8’-Dimethoxy-4,4’-biphenylenedihydrazono)bis-

[5,5-dimethylcyclohexane-1,2,3-trione]

5-Phenylcyclohexane-1,2,3-trione 2-phenylhydrazone

(quant.)

References
220

220

220

45

45

46

46

46

221
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4-(‘yano-5-phenyleyclohexane-1,3-
dione
4-Carbethoxy-5-phenylcyclo-
hexane-1,3-dione
5-(2-Furyl)cyclohexane-1,3-dione
Filicinic acid

2-Butyryl-6,6-dimethylcyclo-
hexane-1,3,5-trione
2,2’-Methylenebis-(6,6-dimethyl-
cyclohexane-1,3,5-trione)
Indan-1,3-dione

2,4-Dioxo-1,2,3,4,41,9,10,10a-
octahydrophenanthrene

4-Methyl

4-Nitro
p-Naphthylamine
Benzidine

Note: References 177—480 are on pp. 136-142.
* The full name is given when it is awkward to name the arylamine as a derivative of aniline.

4-Cyano-5-phenyleyclohexane-1,2,3-trione 2-phenyl-
hydrazone
4-Carbethoxy-5-phenylcyclohexane-1,2,3-trione 2-phenyl-
hydrazone . '
5-(2-Furyl)cyclohexane-1,2,3-trione 2-phenylhydrazone
6,6-Dimethylcyclohexane-1,2,3,4,5-pentaone 2,4-diphenyl-
hydrazone
2-Butyryl-6,6-dimethylcyclohexane-1,3,4,5-tetraone
4-phenylhydrazone
2,2’-Methylenebis-(6,6-dimethylcyclohexane-1,3,4,5-
tetraone 4-phenylhydrazone)
Indan-1,2,3-trione 2-phenylhydrazone (35)
Indan-1,2,3-trione 2-p-tolylhydrazone
Indan-1,2,3-trione 2-p-nitrophenylhydrazone
Indan-1,2,3-trione 2-f-naphthylhydrazone
2,2’-(4,4’-Biphenylenedihydrazono)bis(indan-1,2,3-trione)
2,3,4-Trioxo-1,2,3,4,4a,9,10,10a-octahydrophenanthrene
3-phenylhydrazone

43

43

221
222

222

223

47
48
48
48
48
224
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Reactant

Acetophenone

2-Amino
2-Amino-4-methyl
2-Amino-3-methyl
2-Amino-6-methoxy
2-Amino-5-methoxy
2-Amino-4-methoxy
2-Amino-3-methoxy
2-Amino-5-chloro
2-Amino-4-chloro
2-Amino-3-chloro
2-Amino-5-bromo
2-Amino-3-bromo
2-Amino-5-iodo
2-Amino-6-nitro
2-Amino-5-nitro
2-Amino-4-nitro
2-Amino-3-nitro

2-Amino-5-cyano
2-Amino-4-acetyl
2-Amino-5-acetamido
2-Amino-phenylazo
2-Amino-5-(3-acetylphenylazo)

E.

TABLE I—Continued
4-Hydroxycinnolines from o- Aminoketones

Substituent(s) in 4-Hydroxycinnoline

(Yield, %)

OH

4\

l 3

2
P

— (70-75)
7-Methyl (58)
8-Methyl (78)
5-Methoxy (55)
6-Methoxy (53)
7-Methoxy (63)
8-Methoxy (92)
6-Chloro (74)
7-Chloro (90-95)
8-Chloro (69)
6-Bromo (95)
8-Bromo (57)
6-Todo

5-Nitro (70)
6-Nitro (87)
7-Nitro (76)
8-Nitro (70)
8-Chloro** (45)
6-Cyano (70-90)
T7-Acetyl (47)
6-Acetamido (33)
6-Phenylazo (60)

6-(3-Acetylphenylazo) (50)

A

References

37, 22, 39
164
164
224a
224a
224a
167a

22, 39
37, 39, 161
22
39, 22
22
39
165

39, 22, 159

165, 166

163, 164
164

22
165
39
166
166

9¥
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2-Amino-4,5-dimethyl
2-Amino-4,5-dimethoxy
2-Amino-4,5-dichloro
2-Amino-3,4-dichloro .
2-Amino-3,5-dibromo
2-Amino-5-chloro-4-methyl
2-Amino-3-chloro-4-methyl
2-Amino-5-bromo-4-methyl
2-Amino-4-methyl-5-nitro
2-Amino-4-chloro-5-nitro
2-Amino-4-chloro-3-nitro

Phenacyl Chloride

2-Amino
2-Amino-5-methyl
2-Amino-5-chloro
2-Amino-4,5-dimethyl

Phenacyl Bromide
2-Amino
2-Amino-5-chloro
2-Amino-5-bromo

Propiophenone
2-Amino
2-Amino-5-chloro
2-Amino-5-bromo
2-Amino-5-nitro
2-Amino-3-nitro

Note: References 177-480 are on pp. 136-142.

6,7-Dimethyl (91)
6,7-Dimethoxy (67)
6,7-Dichloro (91)
7,8-Dichloro (59)
6,8-Dibromo (65)
6-Chloro-7-methyl (90)
8-Chloro-7-methyl (75)
6-Bromo-7-methyl (37)
7-Methyl-6-nitro (76)
7-Chloro-6-nitro (57)
7-Chloro-8-nitro (57)

3-Chloro (85)
3-Chloro-6-methyl (87)
3,6-Dichloro (73)
3-Chloro-6,7-dimethyl (80)

3-Bromo (73)
3-Bromo-6-chloro (77)
3,6-Dibromo (76)

3-Methyl (83)
6-Chloro-3-methyl (94)
6-Bromo-3-methyl (76)
3-Methyl-6-nitro (65)
3-Methyl-8-nitro (96) -

** The 8-chloro compound is obtained if the diazotization is run in hydrochloric acid.

38
167b
162
162

39

162, 24
162
162
164
161
161

24
38

38

24
24
24

40, 39
40
39, 40
39, 40
40
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TABLE I—Continued

E. 4-Hydroxycinnolines from o-Aminoketones—Continued

Reactant
Miscelluneous o- Aminoketones

2-Aminobutyrophenone
-(2-Aminobenzoyl)butyric acid
p-(2-Amino-4,5-dimethoxybenzoyl)propionic acid
Ethyl f-(2-amino-4-carbethoxybenzoyl)propionate
3,3’-Diacetyl-4,4’-diaminoazobenzene
5-Amino-6-acetylindane

4-Amino-5-acetylindane
5-Amino-6-chloroacetylindane
1,2,3,4-Tetrahydro-6-amino-7-acetylnaphthalene
1,2,3,4-Tetrahydro-5-amino-6-acetylnaphthalene
1,2,3,4-Tetrahydro-6-amino-7-chloroacetylnaphthalene

Note: References 177-480 are on pp. 136-142.

Substituent in 4-Hydroxycinnoline
(Yield, %)

3-Ethyl (68)

3-Carboxyethyl (53)
3-Carboxymethyl-6,7-dimethoxy (71)
3-Carbethoxymethyl-7-carbethoxy (13)
4,4’-Dihydroxy-6,6’-azocinnoline (69)
6,7-Cyclopenteno (60)
7,8-Cyclopenteno
3-Chloro-6,7-cyclopenteno (57)
6,7-Cyclohexeno (70)
7,8-Cyclohexeno
3-Chloro-6,7-cyclohexeno (67)

References

41
41
22
160
166
38
38
38
38
38
38
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p-Keto Acid

Acetoacetic acid

Propionylacetic acid

a-Acetopropionic acid

Tetronic acid
Benzoylacetic acid

TABLE II

COUPLING OF DiAzoNIUM SaLTs WITH -KETO AcCIDS, ESTERS, AND AMIDES

Substituent(s)
in Aniline*

4-Methyl
2-Methoxy
2-Nitro

3-Nitro

4-Nitro
2,4-Dibromo
2-Bromo-4-nitro
2,4,6-Trichloro
2,4,6-Tribromo
2,6-Dibromo-4-nitro
«-Naphthylamine

4-Nitro

Note: References 177480 are on pp. 136-142.
* The full name is given when it is awkward to name the arylamine as a derivative of aniline.
t This product was obtained when 2 equivalents of the diazonium salt were used.
1 This product was obtained when 3 equivalents of the diazonium salt were used.

A. p-Keto Acids

Product (Yield, %) References
CH,COCH=NNHC:H; (73-82) 55, 53, 54,
225
CH,COC(N=NCH;)=NNHC,H; T (41) 52, 226
CH,C(N=NCH;)—NNHC:H; 1 140
CH,COC(N=NCH,CH,;-p)=—=NNHC,H,CH;-pt 52
CH,COCH=NNHCH,0CH;-0 227
CH,COCH=NNHCH,NO,-o0 228, 229
CH,COCH=NNHC,H/NO,-m ) 228
CH,COCH=NNHCH,NO,-p 228
CH,COCH=—=NNHCH,Br,-2,4 152
CH;COCH=NNHCHBr-2-NO,-4 228
CH,COCH=NNHC H,(1,-2,4,6 230
CH,COCH=NNHC:H,Br;-2,4,6 230
CH,COCH=NNHC;H,Br,-2,6-NO,-4 , 228
CH,COCH=—NNHC,,H,-« 225
CH;COC(N=NC,,H,;-2)=NNHC, H,;-at 52
C,H,COCH=NNHCH,NO,-p 130a
CH,C(N=NCH;)=NNHCH,t 153
y-Hydroxy-a,-dioxobutyric acid lactone g-phenylhydrazone 231
CeH;COCH=NNHCH; 232
C¢H;COC(N=NC¢H;)=NNHCH;t (39) 204, 203
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’ ~ TABLE II—Continued -

A. f-Keto Acids—Continued
Substituent(s)

0S

B-Keto Acid in Aniline* Product (Yield, %) References
Benzoylacetic acid (Cont.) 4-Methoxy CeH,COCH=NNHC;H,O0CHj;-p ‘ . 130a
: 4-Chloro C¢H,COCH=NNHCH,Cl-p 130a
2-Nitro : C¢H;COCH=—NNHCH,NO,-0 i 232
3-Nitro C¢eH;COCH=NNHCH,NO,-m 232
4-Nitro ‘ CH;COCH=NNHCH/NO,-p 232, 130a
4-Carboxy C¢H;COCH=NNHCH,CO,H-p ' 130a
o-Carboxybenzoylacetic acid 2-Hydroxy-5-chloro 0-HO,CC;H,COC(N=NC,H,0H-2-Cl-5)=NNHC;H,0H-2-Cl-5 232a
Acetonedicarboxylic acid — CO(CH=NNHCHj), (39) 56
4-Methyl CO(CH=NNHC¢H,CH;p), (80) 57
4-Chloro CO(CH=NNHC:H,Cl-p), (70) 57
2-Oxo-1-propanesulfonic acid — CHZ;COC(SO;H)=NNHCH; 58
4-Chloro CH,;COC(SO;H)=NNHCH,Cl-p 58
4-Bromo CH,COC(SO,H)=—NNHCH,Br-p 58
2-Nitro CH,;COC(SO;H)=NNHCHNO,-0 58
3-Nitro CH,COC(SO,H)=—NNHC H,NO,-m 58
4-Nitro CH,COC(SO;H)=—=NNHCH,NO,-p 58
2,4-Dichloro CH,COC(SO;H)=NNHC¢H,(l,-2,4 58
2,4-Dibromo CH,COC(SO3H)=NNHCH,Br,-2,4 58
2-0x0-2-phenyl-1-ethane- e
sulfonic acid — C,H,COC(SO,H)—=NNHCH; (60) 59
- 4-Chloro C¢H;COC(SO,H)=NNHC,H,Cl-p 59
4-Bromo CI1;,COC(SO,H)=NNHC,H,Br-p 59
2-Nitro C¢H;COC(SO,H)=NNHCH,NO,-0 59
4-Nitro CeH;COC(SO,H)=NNHC,H,NO,-p 59
- 2,4-Dichloro C¢H,COC(SO;H)=NNHC¢H,Cl,-2,4 59
2,4-Dibromo C¢H,COC(SO;H)=—=NNHC;H;Br,-2,4 59
2,4,6-Trichloro C¢H,COC(SO;H)—=NNHC,H,(l;-2,4,0 59

"
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p-Keto Ester

Ethyl formylacetate
Ethyl acetoacetate

Note: References 177-480 are on pp. 136-142.

2,4,6-Tribromo
4-Bromo-2-nitro

Substituent(s)
in Aniline*

2-Methyl
4-Methyl

2-Chloro
3-Chloro
4-Chloro
4-Chloro
2-Bromo
2-Nitro

3-Nitro
4-Nitro
4-Ethoxy
2-Carboxy

3-Carboxy
4-Acetamido

CeH;COC(SO,H)=—=NNHC,H,Br,-2,4,6
CH,COC(SO;H)—=NNHC H,Br-4-NO,-2

B. p-Keto Esters -

Product (Yield, %)
HCOC(CO,C,H,)—=NNHC,H,
CH,3;COC(CO,C,Hy)=NNHCH; (94-98)

CeH;N=NC(CO,C,H;)=NNHCH;* (80)
CH,COC(CO,C,Hy)=—=NNHC,H,CH,-0 (80-90)
CH,COC(CO,C,Hy)=NNHCH,CH,-p (95)

CH,COC(CO,C,H;)=NNHCH,Cl-0
CH,COC(CO,C,H,)=NNHC,H,Cl-m (78)
CH,00C(CO,C,H,)=NNHCH,Cl-p
p-CICH,N=NC(C0,C,H;)==NNHCH,Cl-p}
CH,COC(C0,C,H,)=NNHC,H,Br-o
CH,COC(CO,C,H,)=NNHCH,NO,-0

CH,COC(CO,C,Hy)—=NNHC,H,NO,-m

m-0,NCgH,N=NC(CO,C,H;)==NNHCH,NO,-mt

CH,COC(CO,C,H,)=NNHCH,NO,-p (quant.)

p-C,H,0C,H,N=NC(CO,C,H;)=NNHC,H,0C,H;-p (57)t

CH,COC(CO,C,H,)=NNHCH,CO0,H-0 (90)
CH,COC(CO,C,H,)=NNHC,H,CO,H-m
CH,COC(CO,C,H,)=NNHCH,NHCOCH,-p

* The full name is given when it is awkward to name the arylamine as a derivative of aniline.
+ This product was obtained when 2 equivalents of the diazonium salt were used.

59
59

References

233
236, 6, 7,
234, 235

60, 140
237, 238
238,17, 234,

237

239
74a, 239

239
* 239a

239
228, 229,

239

228

240
241, 228,

239

240

237

242

243
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p-Keto Ester
Ethyl acetoacetate (Cont.)

Substituent(s)
in Aniline*
4-Sulfamyl
2,4-Dimethyl
2,4-Dichloro
3,5-Dichloro
3,5-Dibromo
2,4,6-Trichloro
2,4,6-Tribromo
3,4,5-Tribromo
2-Methyl-4-nitro
2-Methyl-5-nitro
2-Methyl-6-nitro
4-Methyl-2-nitro
4-Methyl-3-nitro
2-Chloro-4-nitro
4-Chloro-2-nitro
2-Bromo-4-nitro
3,5-Dichloro-4-
bromo

2,6-Dichloro-4-nitro Ethyl «,-dioxobutyrate «-(2,6-dichloro-4-nitrophenyl-
2,6-Dibromo-4-nitro Ethyl «,f-dioxobutyrate «-(2,6-dibromo-4-nitrophenyl-

2-Bromo-4-methyl-

5-nitro

2-Bromo-4-methyl-

6-nitro

B.

TABLE ITI—Continued

p-Keto Esters—Continued

Product (Yield, %)

CH,COC(CO,C, H,)=—NNHC,H,S0,NH,-p
CH,COC(CO,C,H,)=NNHC,H,(CH,),-2,4 (75)
CH,CO0(CO,C,H,)—=NNHC,H,Cl,-2,4 (85)
CH,COC(CO,C,H,)=—NNHC,H,Cl,-3,5
CH,COC(CO,C,H,)—=NNHC,H,Br,-3,5

s)
CH,COC(CO,C,H,)=—=NNHCH,C1,-2,4,6 (quant.)
CH,COC(CO,C,H,)=NNHC,H,Br,-2,4,6 (quant.)
CTI,COC(CO,C,H,)=NNHC,H,Br,-3,4,5

)

CH,COC(CO,CoH,)=NNHCH,(H,-2-NO,-4
CH,COC(CO,C,Hy)=NNHC,H,CH;-2-NO,-5
CH,COC(CO,C,H,)—NNHCH,CH,-2-NO,-6
CH,COC(CO,C,H,)=NNHC,H,CH,-4-NO,-2 (90)
CH,COC(CO,C,H;)=NNHCH,CH,-4-NO,-3
CH,COC(CO,C,H,)=NNHC,H,C1-2-NO,-4
CH,COC(CO,C,H,)=NNHCH,Cl-4-NO,-2
CH,COC(CO,C,H,)=—=NNHC H,Br-2-NO,-4

Ethyl «,f-dioxobutyrate «-(3,5-dichloro-4-bromophenyl-

hydrazone)
hydrazone)

hydrazone)

References

244

237

235

245

245
230, 246
230, 239

245

247

247

: 247
247, 229

247

248

. 248

228

245

248

228

Ethyl «,8-dioxobutyrate o-(2-bromo-4-methyl-5-nitrophenyl- 247

hydrazone)

Ethyl «,f-dioxobutyrate «-(2-bromo-4-methyl-6-nitrophenyl- 247

hydrazone)

(44
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2-Bromo-6-methyl-
4-nitro
4 . 4-Bromo-2-methyl-
6-nitro
2,6-Dibromo-3-
nitro-4-methyl
4,6-Dibromo-2-
methyl-5-nitro
a-Naphthylamine
p-Naphthylamine
2-Aminoanthra-
quinone
3-Aminocarbazole
N-Ethyl-3-
aminocarbazole
p-(3-Carboxy-4-

Ethyl «,f-dioxobutyrate a-(2-bromo-6-methyl-4-nitrophenyl-
hydrazone)

Ethyl a,f-dioxobutyrate a-(4-bromo-2-methyl-6-nitrophenyl-
hydrazone)

Ethyl «,f-dioxobutyrate «-(2,6-dibromo-3-nitro-4-methyl-
phenylhydrazone)

Ethyl «,f-dioxobutyrate a-(4,6-dibromo-2-methyl-5-nitro-
phenylhydrazone)

Ethyl «,f-dioxobutyrate a-(a-naphthylhydrazone) (quant.)

Ethyl «,8-dioxobutyrate a-(f-naphthylhydrazone)

Ethyl «,f-dioxobutyrate a-(2-anthraquinonylhydrazone)
(quant.)

Ethyl «,f-dioxobutyrate «-(3-carbazolylhydrazone)

Ethyl a,f-dioxobutyrate «-(N-ethyl-3-carbazolylhydrazone)

Ethyl «,f-dioxobutyrate a-arylhydrazone

hydroxyphenylazo) -

Pp-(p-Dimethyl-
sulfamylphenyl-
sulfamyl)

3,5-Dimethyl-4-
aminopyrazole

1-Phenyl-3,5-
dimethyl-4-
aminopyrazole

p-(3,4-Dicarbo-
methoxy-5-

methyl-1-pyrazolyl)

Note: References 177-480 are on pp. 136-142.

Ethyl «,8-dioxobutyrate a-[p-(p-dimethylsulfamylphenyl-
sulfamyl)phenylhydrazone]

Ethyl «,f-dioxobutyrate «-(3,5-dimethyl-4-pyrazolyl-
hydrazone)

Ethyl «,f-dioxobutyrate «-(1-phenyl-3,5-dimethyl-4-
pyrazolylhydrazone)

Ethyl «,f-dioxobutyrate a-arylhydrazone

~ * The full name is given when it is awkward to name the arylamine as a derivative of aniline.

247
247
247
247
249, 237
237, 249
250

251
251

252

244

196

195

253
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p-Keto Ester )
Ethyl acetoacetate (Cont.)

l-Menthyl acetoacetate

Methyl y-chloroacetoacetate

Ethyl y-chloroacetoacetate

TABLE II—Continued

Substituent(s)
in Aniline*

3-Amino-5-iso- .

propyl-1,2,4-
triazole
Benzidine

3,3’-Dicarboxy-
benzidine

4-Methyl

4-Chloro
4-Bromo
2-Methyl
4-Methyl
2-Methyl
4-Methyl
4-Chloro
4-Nitro
2,4-Dichloro
2,4,6-Trichloro
2,4,6-Tribromo
2-Chloro-4-nitro

B. p-Keto Esters—Continued

Product (Yield, %)

Ethyl o,f-dioxobutyrate «-(5-isopropyl-1,2,4-triazol-3-yl-)
hydrazone

o,a’-(4,4"-Biphenylenedihydrazono)bis(ethyl «,8-dioxo-
butyrate) (98)
a,a’-(3,3’-Dicarboxy-4,4’-biphenylenedihydrazono)bis(ethyl
a,f-dioxobutyrate)
CH,COC(CO,C,H,p-1)=NNHC,H,
CH,COC(CO,CyoH,y-1)=NNHCH,CH,-p
p-CH,C(H,N=NC(CO,C,H,,-1)=NNHCH,CH;-pt
CH,COC(C0,C oH,,-1)=NNHC,H,Cl-p
CH;COC(CO,C,oH,,-1)=NNHC;H,Br-p
CICH,COC(CO,CH,)—NNHCH,
CICH,COC(CO,CH,)=—NNHC,H,CH,-0
CICH,COC(CO,CH,)=NNHC,H,CH,-p
CICH,COC(CO,C,H,)==NNHC,H,
CICH,COC(CO,C, Hy)=NNHC,H,CH,-0
CICH,COC(CO,C,H;)=NNHC,H,CH,-p
CICH,COC(CO,C, Hy)=NNHCH,Cl-p
CICH,COC(CO,C,Hy)=NNHC,H,NO,-p
CICH,COC(CO,C,H;)=—NNHC,H,Cl,-2,4
CICH,COC(CO,C,Hy)—NNHCH,Cl;-2,4,6
CICH,COC(CO,C, H;)=NNHC,H,Br,-2,4,6
CICH,COC(CO,C,H;)—NNHCH,C1-2-NO,-4

2,6-Dichloro-4-nitro  CICH,COC(CO,C,Hy)==NNHCH,Cl,-2,6-NO,-4

References
197

254, 255
256

146
146
146
146
146
257
257
257
152, 257
257
257
152
248
152
230
230
248
248
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Methyl y-bromoacetoacetate

Ethyl y-bromoacetoacetate

Ethyl 3-oxohexanoate

Ethyl 3-oxononanoate
Methyl benzoylacetate

Ethyl benzoylacetate

2-Methyl
4-Methyl

2-Methyl
4-Methyl
4-Bromo
2-Nitro

3-Nitro

4-Nitro
2,4-Dibromo
2,4,6-Trichloro
2,4,6-Tribromo
2-Bromo-4-nitro
2,6-Dibromo-4-nitro
4-Nitro
4-Nitro

4-Methyl
2-Nitro

3-Nitro

4-Nitro
4-Acetamido
4-Methyl-2-nitro

Note: References 177-480 are on pp. 136-142.
* The full name is given when i} is awkward to name the arylamine as a derivative of aniline,
t This product was obtained when 2 equivalents of the diazonium salt were used.

BrCH,COC(CO,CH,)=NNHC,H,
BrCH,COC(CO,CH,)==NNHC,H,CH,-0
BrCH,COC(CO,CH,)=NNHC,H,CH,-p

‘BrCH,COC(CO,C,H;)=NNHC H; (good)

BrCH,COC(CO,C,H,)=NNHCH,CH;-0
BrCH,COC(CO,C,H,)=NNHC,H,CH,-p
BrCH,COC(CO,C,H,)=NNHC,H,Br-p
BrCH,COC(CO,C,H,)=NNHCH,NO,-0
BrCH,COC(CO,C,H,)=NNHC,H,NO,-m
BrCH,COC(CO,C,H,)—=NNHCH,NO,-p
BrCH,COC(CO,C,H,)==NNHC,H,Br,-2,4
BrCH,COC(CO,C,H,)==NNHCH,Cl,-2,4,6
BrCH,COC(CO,C,H,)=NNHC,H,Br,-2,4,6 (80)
BrCH,COC(CO,C,H,)==NNHC,H,Br-2-NO,-4
BrCH,COC(CO,C,H,)=NNHC,H,Br,-2,6-NO,-4
n-CyH,COC(C0,C,H,)—=NNHC,H,
n-CyH,COC(CO,C,Hy)=NNHCH,NO,-p
n-CgC,13COC(CO,C, H,)—NNHC,H,
CH,COC(CO,CH,)—NNHC,H,
CH,COC(CO,CH,)=NNHCH,NO,-p
C,H,COC(CO,C,H;)==NNHC,H; (70)

C,H,COC(CO,C,H,)=NNHC,H,CH,-p
CH,COC(CO,C,H,)=NNHCH,NO,-0
CeH,COC(CO,C,H,)==NNHCH,NO,-m
CeI1,COC(CO,C,H,)=NNHC,H,NO,-p
CH,COC(CO,C,H,)=NNHC,H,NHCOCH,-p
CeH,COC(CO,C,H,)=NNHCH,CH;-4-NO,-2

258
258
258

259, 230,
258
258
258
152
228
228
228
152
230
230
228
228
260
260
260

261, 262
261, 262
265, 140,
263, 264
264

263, 266
266
264
267
263
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B-Keto Ester

Methyl o-methoxybenzoyl-
acetate

Methyl m-methoxybenzoyl-
acetate

Methyl p-methoxybenzoyl-
acetate

Methyl o-chlorobenzoyl-
acetate

Methyl m-chlorobenzoyl-
acetate

Methyl p-chlorobenzoyl-
acetate

Dimethyl oxalacetate

Diethyl oxalacetate

Substituent(s)
in Aniline*

4-Nitro

4-Nitro

4-Nitro

4-Nitro

4-Nitro

4-Nitro

Benzidine

2-Methyl
4-Bromo

2,4-Dibromo

TABLE I1—Continued
B. p-Keto Esters—Continued

Product (Yield, %)
0-CH,0CH,COC(CO,CH,)—=NNHC,H,

0-CH,0CH,COC(CO,CH,)=NNHC,H,NO,-p
m-CHZ0C,H,COC(CO,CH,)=NNHC, H;

m-CH,0CH,COC(CO,CH,)=NNHCH,NO,-p
p-CH,0CH,COC(CO,CH,)—NNHCH;

p-CH,0C,H,COC(CO,CH,)=NNHCH,NO,-p
0-CIC4H,COC(CO,CH,)==NNHC Hj

0-C1C4H,COC(CO,CH,)==NNHCH,NO,-p
m-ClCeH,COC(CO,CH,)=NNHCH;

m-CICH,COC(CO,CH,)==NNHCH,NO,-p
p-CIC,H,COC(CO,CH,)—=NNHC,H,

p-CICH,COC(CO,CH,)=NNHCH,NO,-p
CH,0,0COC(CO,CH,)—NNHCH; (40)
[CH,0,0COC(CO,CH,)=NNHCH,—], (65)
C,H,0,CCOC(CO,C,Hy)=NNHC,H; (75)

CH N=NC(CO,C,H;)=NNHCH,t (76)
C,H,0,0C0C(CO,C,Hy)=NNHCH,CHj-0
0-CH,CH,N==NC/(CO,C,H;)=NNHCH,CH,-0t (81)
C,H,0,0COC(CO,C,H,)=NNHC,H,Br-p (62)
p-BrCgH,N=NC(CO,C,H,)=NNHC,H,Br-pt (41)
C,H,0,0COC(CO,C,H;)=NNHCH,Br,-2,4

-

References
268

268
268

268
268

268
269

269
269

269
269

269

62

270
62, 61
63, 61
62, 271

63

66

66

272
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Diethyl acetonedicarboxylate

Diethyl «,a-diethyl-f-
oxoglutarate

5-Hydroxy-3-oxo0-4-hexenoic

acid lactone

Diethyl 5-ox0-2-hexendioate

Benzidine

3,3’-Dimethyl-
benzidine

3,3’-Dimethoxy-
benzidine

2-Methyl

4-Methyl

4-Nitro

2-Carboxy

2,4-Dimethyl

4-(p-Phenylmercap-
tobenzoyl)

4-(3,4-Dicarbethoxy-
5-methyl-1-
pyrazolyl)

4-Bromo

4-Ethoxy

Note: References 177—480 are on pp. 136-142.
* The full name is given when it is awkward to name the arylamine as a derivative of aniline.
1 This product was obtained when 2 equivalents of diazonium salt were used. :
§ This product was obtained by coupling in the presence of ammonia.

|| This product was obtained by coupling in alcoholic hydrochloric acid.

9 This product was obtained by coupling in the presence of sodium carbonate.

4,4’-Biphenylenedihydrazonobis(diethyl dioxosuccinate) (76) 270, 273
3,3’-Dimethyl-4,4’-biphenylenedihydrazonobis(diethyl 273, 270
dioxosuccinate) (60)
3,3’-Dimethoxy-4,4’-biphenylenedihydrazonobis(diethyl 278, 270
dioxosuccinate) (55-60)
C,H;0,CCH,COC(CO,C,H;)—=NNHCH; (86) 65, 274
C,H;0,CCH,COC(CO,C,H;)=NNHC,H,CH;-0 (94) 65
C,H;0,CCH,COC(CO,C,H;)=NNHCH,CH,-p (90) 65
C,H;0,CCH,COC(CO,C,H;)=NNHCH,NO,-p 64
C,H,0,CCH,COC(CO,C,H;)=NNHC,H,CO,H-o0 (70) 65
C,H;0,CCH,COC(CO,C,H;)—=NNHC;H,(CH,),-2,4 65
Diethyl a,f-dioxoglutarate a-[p-(p-phenylmercaptobenzoyl)- 13
phenylhydrazone] (27)
Diethyl a,f-dioxoglutarate a-[p-(3,4-dicarbethoxy-5-methyl- 253
1-pyrazolyl)phenylhydrazone]
Diethyl a,a-diethyl-g,y-dioxoglutarate y-phenylhydrazone 274
5-Hydroxy-3-0x0-2-phenylhydrazono-4-hexenoic acid 275
lactone (60) '
CeH;N=NC(CH=—CHCO,C,H,)=—NNHCH,§ (18) 66
C,H;0,CCOC(CH—CHCO,C,H;)—NNHCH,Br-p|| (65) 66
p-BrCgH N=NC(CH=—CHCO,C,H;)=NNHC,H ,Br-p§ 66
p-BrCH,N=NC(CO,C;H;)—CHC(COCO,C,H;)— 66

NNHC¢H,Br-p :
C,H;0,CCOC(CH=CHCO,C,H;)==NNHCH,OC,H;-p¥[ (36-43)

66
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p-Keto Ester

Oxaldihydrazonobis(ethyl
acetoacetate)

Malondihydrazonobis(ethyl
acetoacetate)

B-Keto Amide

Acetoacetanilide

TABLE II—Continued

B. f-Keto Esters—Continued

Substituent(s)
in Aniline*

4-Methyl

Substituent(s)

in Aniline*

2-Methyl

4-Methyl

2-Methoxy

4-Methoxy

4-Ethoxy

3-Chloro

4-Chloro

4-Bromo

2-Nitro

4-Methyl-2-nitro

4-Chloro-2-nitro

2,4,6-Trimethyl-3-
nitro

«-Naphthylamine

Product (Yield, %)

B,f’-Oxaldihydrazonobis(ethyl o,3-dioxobutyrate)
o,a’-diphenylhydrazone**

B.,B’-Mesoxaldihydrazonobis(ethyl a,8-dioxobutyrate)
o,o’,0”-triphenylhydrazone (72)

B.8’-Mesoxaldihydrazonobis(ethyl «,f-dioxobutyrate)
oo’ 0 ”-tri-p-tolylhydrazone (50)

C. p-Keto Amides

Product (Yield, %) -

CH;COC(CONHC H;)=NNHCH;
CH,COC(CONHC H,)=NNHC,H,CH,-0
CH,COC(CONHCH;)==NNHCH,CH,-p
CH,COC(CONHC H,)=NNHC,H,0CH;-0
CH,COC(CONHCH,)=NNHCH,0CH,-p
CH,COC(CONHC¢H;)=NNHCH,0C,H;-p
CH,COC(CONHC H,)=NNHCH,Cl-m
CH,COC(CONHC,H,)=NNHC,H,Cl-p
CH;COC(CONHC H;)=NNHC,H,Br-p
CH,COC(CONHC H,)=NNHC,H,NO,-0
CH,COC(CONHC,H,)=NNHC,H,CH;-4-NO,-2
CH,COC(CONHCH;)=NNHC H,C1-4-NO,-2
CH,COC(CONHC:H,;)=NNHC,H(CH;);-2,4,6-NO,-3

CH,COC(CONHCH,)=NNHC,,H,-«

«

References
278

280, 279

280

References

281, 282
283
283
283
283
283
283
283
283
67, 68
67, 69
67, 68

284 -

283
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o-Acetoacetotoluide
p-Acetoacetotoluide
o-Acetoacetaniside
p-Acetoacetaniside

p-Ethoxyacetoacetanilide

o-Chloroacetoacetanilide
m-Chloroacetoacetanilide

Note:

f-Naphthylamine
Anhydrotris-o-
aminobenzalde-
hyde
4-(3,4-Dicarbethoxy-
2,5-dimethyl-
pyrrolyl)
4-(3,4-Dicarbethoxy-
5-methyl-1-
pyrazolyl)
Benzidine

Benzidine

Benzidine
Benzidine
Benzidine
p-(3,4-Dicarbethoxy-
2,5-dimethyl-
pyrrolyl)
Benzidine
4-Chloro-2-nitro

Benzidine

References 177—480 are on pp. 136-142.

CIL,COC(CONHC H,)—NNHC,,H,-8
CH,COC(CONHC,H,)=NNHCH,CHO-o

a,f-Dioxobutyranilide a-arylhydrazone
o,f-Dioxobutyranilide a-arylhydrazone

o,a’-(4,4’-Biphenylenedihydrazono )bis-(,f- dloxobutyra,mhde)
CH,COC(CONHCzH,CH;-0)=NNHCH
[CH;COC(CONHC,H,CH,-0)=—NNHC, 11,-],
CH,COC(COHNC,H,CH,-p)—NNHCH,
[CH;COC(CONHCH,CH;-p)—NNHCH ],
CH,COC(CONHCH,0CH,-0)=—NNHC,H;
[CH,COC(CONHCH,0CH,-0)—=NNHCH, ],
CH,COC(CONHC,H,0CH,-p)—=NNHC,H,
[CH,COC(CONHCH,OCH,-p)—NNHCH,—],
CH;COC(CONHC;H,O0C,H;-p)—NNHCH;
p-Ethoxy-a,f-dioxobutyranilide a-arylhydrazone

[CH,COC(CONHC,H,0C,H,-p)—NNHCH,-],
CH,COC(CONHCH,Cl-0)=NNHCH,Cl-4-NO,-2
CH,COC(CONHC H,Cl-m)=NNHCH,
[CH,COC(CONHCH,Cl-m)—NNHCH,-1,

* The full name is given when it is awkward to name the arylamine as a derivative of aniline.
** Some monophenylhydrazone was isolated.

283
285

286

253

287
282
287
282
287
282
287
282
287
282
286

287
67, 68
282
287
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p-Keto Amide

p-Chloroacetoacetanilide
p-Bromoacetoacetanilide

p-Sulfamylacetoacetanilide

N-(a- Naphthyl)acetoacet-
amide

N-(B-Naphthyl)acetoacet-
amide

N,N-Diphenylacetoacetamide

N-Sulfoacetoacetamide
N-Sulfamylacetoacetamide
Acetoacetanilide phenyl-
hydrazone
Benzoylacetanilide

Substituent(s)
in Aniline*
Benzidine
Benzidine
2-Nitro
3-Nitro
4-Nitro

Benzidine

Benzidine
2-Nitro
3-Nitro
4-Nitro
4-Nitro
4-Nitro

4-Methyl
4-Methoxy
4-Ethoxy
4-Chloro
Benzidine

TABLE I1—Continued
C. B-Keto Amides—Continued

Product (Yield, %)
CH,COC(CONHCH,Cl-p)—NNHC.H;
[CH,COC(CONHC,H,Cl-p)=NNHCH,],
CH,COC(CONHC H,Br-p)—=NNHC.H,
[CH;COC(CONHC{H,Br-p)—NNHCH,— ],
CH,COC(CONHC:H,SO,NH,-p)—=NNHC,H,NO,-0
CH,COC(CONHC{H,S0,NH,-p)—NNHC,H,NO,-m
CH,,COC(CONHC;H,SO,NH,-p)=NNHC, H4N02-p
CH;COC(CONHC,,H,-0)=NNHCH,

[CH,COC(CONHC, H,-2)=—=NNHC,H,—],
CH,COC(CONHC, H,-8)—NNHCH,

[CH;COC(CONHC,,H,-)=—NNHCH,],
(CeH;);NCOC(COCH,)—=NNHC,H,NO,-0 (80-90)
(CeH4),NCOC(COCH,)—NNHCH,NO,-m (80-90)
(C¢H;),NCOC(COCH)—NNHCH,NO,-p (80-90)
CH,COC(CONHSO,H)—NNHCH,NO,-p
CH;COC(CONHSO,NH,)—=NNHCH,NO,-p
CH,C(=NNHC,H;)C(—NNHC,H;)CONHC H;

CH;COC(CONHC,H)=—=NNHC,H
C¢H,COC(CONHC,H,)—NNHC,H,CH,-p
CH,COC(CONHC,H,)—NNHCH,0CH,-p
CH,COC(CONHC H;)=—NNHC,H,0C,H-p
CH,COC(CONHC H;)=—NNHC,H,Cl-p
[CeH;COC(CONHCH;)=—NNHCH,],

References

282
287
282
287
288
288
288
282

285
282

285
288
288
288
289
289
281 .

282
283
283 .
283
283
287
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p-Benzoylacetotoluide
p-Benzoylacetaniside
p-Benzoylacetophenetide

N-p-Chlorophenylbenzoyl-
acetamide

Reactant,
Substituent R in

[ o ]COCHzcoNHR

Phenyl

Note: References 177-480 are on pp. 136-142.

C,H,COC(CONHC,H,CH;-p)=NNHC,H;

Benzidine [CeH;COC(CONHCH,CH;-p)—=NNHCH,—1,

— C;H,COC(CONHC.H,OCH,;-p)—=NNHCH,

Benzidine [CeH;COC(CONHCH,OCH;-p)—=NNHCH,1,

— CH;COC(CONHCH,OC,H,-p)—=NNHCH;,

Benzidine [C¢H;COC(CONHC{H,OC,H;-p)—NNHCH,-],

— C¢H;COC(CONHC H,Cl-p)=NNHC,H;

Benzidine [C¢H;COC(CONHCH,Cl-p)=—=NNHCH 1,

Substituents in Product,
[ ]COCCONHR
o
NNHR’
Substituent(s)
in Aniline R R’
— Phenyl Phenyl
2-Methyl Phenyl : o-Tolyl
4-Methyl Phenyl p-Tolyl
2-Methoxy Phenyl 0-Anisyl
4-Methoxy Phenyl p-Anisyl
4-Ethoxy Phenyl p-Ethoxyphenyl
3-Chloro Phenyl . m-Chlorophenyl
4-Chloro Phenyl - p-Chlorophenyl
, 4-Bromo Phenyl : p-Bromophenyl

a-Naphthylamine Phenyl a-Naphthyl
p-Naphthylamine Phenyl B-Naphthyl
Benzidine Phenyl ‘ Biphenylene

* The full name is given when it is awkward to name the arylamine as a derivative of aniline.

s

282
287
282
287
282
287
282

287

References

282
283
283
283
283
283
283
283
283
283
283
287
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Reactant,
Substituent R in

[ o ]COCHz(JONHR

o-Tolyl

p-Tolyl

0-Anisyl
p-Anisyl
p-Ethoxyphenyl
m-Chlorophenyl
p-Chlorophenyl
p-Bromophenyl
a-Naphthyl

B-Naphthyl

C.

Substituent(s)
in Aniline

Benzidine

Benzidine

Benzidine

Benzidine

Benzidine

Benzidine

Benzidine

Benzidine

Benzidine

Benzidine

TABLE II—Continued ~
B-Keto Amides—Continued

Substituents in Product,

[ ]COCCON HR
o7

NNHR’

R R’
o-Tolyl Phenyl
o-Tolyl Biphenylene
p-Tolyl Phenyl
p-Tolyl Biphenylene
0-Anisyl Phenyl
0-Anisyl Biphenylene
p-Anisyl Phenyl
p-Anisyl Biphenylene
p-Ethoxyphenyl Phenyl
p-Ethoxyphenyl ~ Biphenylene
m-Chlorophenyl Phenyl
m-Chlorophenyl Biphenylene
p-Chlorophenyl Phenyl
p-Chlorophenyl Biphenylene
p-Bromophenyl Phenyl
p-Bromophenyl Biphenylene
a-Naphthyl Phenyl
a-Naphthyl Biphenylene
f-Naphthyl Phenyl
p-Naphthyl Biphenylene

&

References

282
287
282
287
282
287
282
287
282
287
282
287
282
287
282
287
282
287
282
287
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Reactant,
Substituent R in

Hac[ o ]COCHzcoNHR

Phenyl

o-Tolyl

p-Tolyl

0-Anisy}
p-Anisyl
p-Ethoxyphenyl
m-Chlorophenyl
p-Chlorophenyl
p-Bromophenyl
a-Naphthyl
p-Naphthyl

2-Methyl
4-Methyl
2-Methoxy
4-Methoxy
4-Ethoxy
3-Chloro

4-Chloro
4-Bromo
a-Naphthylamine

Note: References 177-480 are on pp. 136-142.

p-Naphthylamine

Substituents in Product,

Ha()[ o ]OOCCONHR
I

NNHR/

R R’
Phenyl Phenyl
Phenyl o-Tolyl
Phenyl p-Tolyl
Phenyl 0-Anisyl
Phenyl p-Anisyl
Phenyl p-Ethoxyphenyl
Phenyl m-Chlorophenyl
Phenyl p-Chlorophenyl
Phenyl p-Bromophenyl
Phenyl o-Naphthyl
Phenyl p-Naphthyl
o-Tolyl Phenyl
p-Tolyl Phenyl
0-Anisyl Phenyl
p-Anisyl Phenyl
p-Ethoxyphenyl Phenyl
m-Chlorophenyl Phenyl
p-Chlorophenyl Phenyl
p-Bromophenyl Phenyl
a-Naphthyl Phenyl
f-Naphthyl Phenyl

290
200
290
290
200
290
290
290
290
290
290
290
290
200
290
290
290
290
290
290
290
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TABLE III -

COUPLING OF DIAZONIUM SALTS WITH MALONIC AcCIDS, ESTERS, AND AMIDES

Malonic Acid

Malonic acid

Malonic acid and sodium
nitrite

Chloromalonic acid

Ethylmalonic acid
Allylmalonic acid
Benzylmalonic acid
Phenacylmalonic acid

Substituent(s)
in Aniline*

2-Methoxy
4-Methoxy
2-Bromo
4-Bromo
2-Iodo
2-Nitro
3-Nitro
4-Nitro

2-Methoxy
2-Chloro
2,4-Dimethyl
a-Naphthyl
B-Naphthyl
4-Methyl

4-Nitro
B-Naphthylamine
4-Methyl

A. Malonic Acids

Product (Yield, %)

CeH N=NCH=NNHC,H, (46)
CH,N=—NC(CeH;)=NNHCH,
0-CH,0C,H,N=NCH=NNHCH,0CH,-0 (67)
p-CH,OCH,N—=NCH=—NNHCH,0CH,-p
0-BrCyH,NHN=—CHCO,H (30-40)
p-Br(',H,N—NCH—NNHCH,Br-p
0-IC,H,N=NCH=NNHCH,I-0}
0-0,NC,H,NHN=—CHCO,H (50)§
m-0;NCeH,N=NCH=—=NNHCH,NO,-m
p-0,NCeH,N—NCH=NNHC,H,NO,-p
C.H,N—NCH=NOH

0-CH,0C{H N=—=NCH=—NOH
0-ClICgH,N=NCH=—NOH
2,4-(CH,;),C(H;N=—=NCH=—NOH
o-C;eH,N=NCH=NOH
p-CoH,N=NCH=—NOH
CeH;N—=NC(Cl)=NNHC¢H; (40-50)||
p-CH;C,H,N=NC(Cl)=NNHC¢H,CH;-p (40-50)
p-0O,NCH,N—NC(Cl)=NNHC;H,NO,-p (good)
B-C o H,N=NC(Cl)=NNHC, H,-f (poor)
CeHN=—NC(C,H;)—=NNHCH; (quant.)

p-CH,CyH,N=—=NC(CH,CH=—CH,)=—NNHC( ,HdC‘Hs-p (50)

CeH,N=NC(CH,C¢H,;)==NNHCH, (50)
CH,N=NC(CH,COC,H;)=NNHCH,

ol

References

70
70
290a
240
71
71, 170a
71
71, 291
240
71, 240
71

71

71

71

71

71
72, 170a -

72

72
72, 170a

73

73

73

292
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Malonic Ester

Ethyl hydrogen malonate

Dimethyl malonate

Substituent(s)
in Aniline*
4-Nitro
2-Carboxy-4-
chloro
2-Carboxy-5-
chloro
2-Methyl
3-Methyl
4-Methyl
2-Methoxy
4-Methoxy
2-Nitro
3-Nitro
4-Nitro
2-Carboxy
3-Carboxy
4-Carboxy
2,4-Dimethyl
Benzidine

B. Malonic Esters

Product (Yield, %)

P-0,NCeH,N=NC(C0,C,H,)==NNHCH,NO,-p (52)
2,4-HO,0(Cl) C,H,NHN=—CHCO,C,H; (52)

2,5-H0,C(C1)CH,NHN=CHCO0,C, H; (72)

C.H,NHN=—C(CO,CH,),
0-CH,C;H,NHN—C(CO,CHjy),
m-CH;C{H,NHN=—=C(CO,CHj;),
p-CH,C;H,NHN—C(CO,CH,),
0-CH,0C;H,NHN=—C(CO,CH,),
p-CH,;OC.H,NHN=—=C(CO,CH,),
0-0,NC,H,NHN=—C(CO,CH,),
m-0,NC,H,NHN=—C(CO,CH,),
p-0,NC.H,NHN=—C(CO,CH,),
0-HO,CC,H,NHN=—C(CO,CH,),
m-HO,CC,H NHN=—C(CO,CHj),
p-HO,CC.H,NHN=—C(CO,CH,),
2,4-(CH,),CeH,NHN—C(CO,CH,),
4,4’-Biphenylenedihydrazonobis(dimethyl mesoxalate)

Note: References 177—480 are on pp. 136-142.

* The full name is given when it is awkward to name the arylamine as a demvatlve of aniline.
1 This product was obtained when excess diazonium salt was used.

1 Glyoxylic acid o-iodophenylhydrazone was also formed in 89, yield.

§ N,N’-Di-o-nitrophenylformazan was also formed in 59, yield.

|| With excess chloromalonic acid the corresponding 3-aryl-1,3,4-oxadiazol-2-one was formed.

References

19¢
T4a

T4a

74b, 293
293
293
293
293
293
293
293
293
293
293
293
293

294, 295
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Malonic Ester

Dimethyl malonate (Cont.)

Diethyl malonate

Diethyl chloromalonate
Glutaconic acid
Diethyl glutaconate

Substituent(s)
in Aniline*
3,3’-Dimethyl- .
benzidine -
3,3’-Dimethoxy-
benzidine
3-Chloro
4-Bromo
4-Nitro
3-Carboxy
4-Phenyl
4-Methoxy-2-nitro
2-Carboxy-5-
chloro
Benzidine
3,3’-Dimethyl-
benzidine
3,3’-Dimethoxy-
benzidine
3,3’-Dicarboxy-
benzidine
4-Nitro

2-Methyl

TABLE III—Continued’

B. Malonic Esters—Continued

Product (Yield, %)

3,3’-Dimethyl-4,4’-biphenylencdihydrazonobis(dimethyl
mesoxalate) (84)
3,3’-Dimethoxy-4,4’-biphenylenedihydrazonobis(dimethyl
mesoxalate) (71) '
CeH;NHN—C(CO,C,H;),
m-ClCH,NHN=—C(C0,C,Hj), (78)
p-BrC¢H,NHN=—C(CO,C,H;),
p-0,NC.H,NHN=—C(CO,C,H;), (71)
m-HO,CC,H,NHN=—C(CO,(,H;),
p-CeH;CeH,NHN=—C(CO,(C,H;), (50)
4-CH,0-2-0,NC,H,NHN=—C(CO,C,H;), (47)
2-HO,C-5-C1CgH;NHN=C(CO,C,H;), (67)

4,4’-Biphenylenedihydrazonobis(diethyl mesoxalate)
3,3’-Dimethyl-4,4’-biphenylenedihydrazonobis(diethyl
mesoxalate) (80)
3,3’-Dimethoxy-4,4’-biphenylenedihydrazonobis(diethyl
‘mesoxalate)
3,3’-Dicarboxy-4,4’-biphenylenedihydrazonobis(diethyl
mesoxalate)
p-0,NCHN=NCCI(CO,C,Hj;), (quant.)
CH;N—NC(CH=CHCO,H)=NNHC.H;
CH,NHN=—((C0,C,H;)CH=—CHCO0,C,H; (77)
CeH;NHN=—C(CO,C,H;)CH=—C(CO,C,H,)N=NC.H, (62)
0-CH,;C,H,NHN=C(CO,C,H;)CH=—C(CO,C,H;)N=NC;H,CH;-0

References
294, 295

294, 295

8, 74c, 296

74a
T4c
19¢

242
96
T4a
T4a

294
294

294
242

72
297
298, 76
297,176, 299
76
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4-Methyl
2-Ethoxy

4-Chloro
2-Bromo
3-Bromo
4-Bromo
4-Nitro
2,4-Dimethyl

2,4,6-Trimethyl

Substituent

Malonic Amide in Aniline
Malonamide ) —
Diethyl N,N’-malonyl- —
dicarbamate
4-Methyl

p-CH,CH,NHN=—C(CO,(',H5) CH—C(CO,C,H;)N—NCH,CH,-pY

0-C, H,0C,H,NAN=—C(CO,C,H,)CH=—CHCO,C,H,

0-Cy1;0C, H,NHN=—C(CO,C,H;)-
CH—C(CO,C,H;)N—NCeH,0C,H;-07

p-CICeH,NHN— C(CO0,C, Hy)CH=—C(C'0,C,H)N=—=NCH,Cl-p"

0-BrCgH,NHN=—C(CO,C,H;)CH—C(CO,C,H;)N—NC,H,Br-o

m- BrCGII4NHN—C(C() C,Hy)CH—C(CO,C, Hy)N—=NC, H,Br- -m9|

p-BrCH,NHN=— C(CO,C,H;)N—NCeH,Br-p¥

p-O,NC JH, N Hch(C() <, H,)C LICO,C,H,

2 4-(CH, )oC, Hy N HN—C(CO,C, H, )CH—CHCO,C, H

2,4-(CH,),CeHyNHN=—C(CO,C,H;)-
CH—C(CO,C,Hy)N=—=NCH,y(CH,),-2,4

2,4,6-(CH,)yCe H,NHN=—C(CO,C,H, H,

2.4,6-(CH,)yCe H,NHN=—C(C0,C, H, ) CH=C(CO0,C,H;)-
N=NC¢H,(CHy);-2,4,6

C. Malonic Amides

Product (Yield, %)

| CgH,NHN=—C(CONH,),

Ce (67)

CyH;NHN=—C(CONHCO,C,H;)N=NCH ** (74)
p-CH,CH,NHN=—C(CONHCO,C,H,),
p-CH,CH,NHN=—C(CONHCO,C, H;)N=—=NC,H,CH,-p**

Note: References 177—480 are on pp. 136-142.
* The full name is given when it is awkward to name the arylamine as a derivative of aniline.
9 This product was obtained when 2 equivalents of diazonium salt were used.

** This product is obtained when 2 equivalents of diazonium salt are used in the presence of SOdlllIIl carbonate.
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Malonic Amide

Diethyl N,N’-malonyl-
dicarbamate (Cont.)

Substituent
in Aniline
2-Nitro »

_ 3-Nitro

Malonamidine

CH,[CONHN=—C(CH,)-
C(CO,C,H;)=NNHCH;],

Ethyl malonanilate

Methyl N-(a-pyridyl)
malonamate

Ethyl N-(y-pyridyl)-
malonamate

Malonamic acid

Ethyl malonamate

4-Nitro

4-Nitro
4-Nitro

TABLE III—Continued
C. Malonic Amides—Continued

Product (Yield, %)
0-O,NC{H,NHN=—C(CONHCO,C,H;);

0-0,NC,H,NHN=—C(CONHCO,C,H;)N=NC,H,NO,-0**
m-0,NC,H,NHN=—C(CON HCO,C,Hj),
p-0,NC,H,NHN=—C(CONHCO,C,H;),
CeH,NHN=—C[C(=NH)NH,],

CeH;NHN=—C[CONHN=—C(CH,)C(CO,C,H;)—=NNHCH,], '

C,H,NHN=—C(CO,C,H;)CONHC,H,
CsH;NHN=—C(CO,CH,)CONHC,H,N-« (quant.)

CyH,NHN=—C(C0,C,H;)CONHC,H,N-y

p-0,NCeH,N=—=NC(CONH,)—=NNHCH,NO,-p (89)
p-0,NC.H,NHN=—C(CO,C,H;)CONH, (36)

Note: References 177-480 are on pp. 136-142.
** This product is obtained when 2 equivalents of diazonium salt are used in the presence of sodium carbonate.
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Acid or Ester

2,4-Dinitrophenylacetic acid

Methyl 2,4-dinitrophenylacetate

Dimethyl 4-nitrohomophthalate

Methyl 4-carbomethoxy-2-nitrophenylacetate
Homophthalic anhydride

Note: References 177-480 are on pp. 136--142.

TABLE IV

Substituent(s)
in Aniline*
4-Bromo
2,4-Dichloro
2,4-Dibromo
2-Methyl
4-Methyl
4-Methoxy
4-Chloro
4-Bromo
4-Acetyl
2-Nitro
3-Nitro
4-Nitro
2-Carboxy
4-Carboxy
4-Sulfo
2,4-Dimethyl
2,4-Dichloro
2,4-Dibromo
2,4,6-Trimethyl
2,4,6-Trichloro
a-Naphthyl
B-Naphthyl

CouPLING OF DIAZONIUM SALTS WITH ARYLACETIC ACIDS AND ESTERS

Product (Yield, %)
2,4-(0,N),CH,C(N=NCH;)=NNHCH;
2,4-(0,N),CH ,;C(N—=NCH ,Br-p)—=NNHCH,Br-p
2,4-(0,N),CeH;C(N—=NC H,Cl,-2,4)=NNHCH,Cl,-2,4

2,4-(0,N),C.H,C(N=NC,H,Br,-2,4—NNHC,H,Br,-2,4

2,4-(0,N),CH,C(CO,CH,)=NNHC,H,
2,4-(0,N),CeH,C(CO,CH,)—=NNHCH CH,-0 (98)
2,4-(0,N),CH,C(CO,CH,)=NNHCH ,CH,-p (75)
2,4-(0,N),CH,C(CO,CH,)=NNHCH,0CH,-p
2,4-(0,N),CoH,C(CO,CH,)=NNHCH,Cl-p
2,4-(0,N),CH,C(CO,CH,)=NNHCH,Br-p
2,4-(0,N),CH,C(CO,CH,)=NNHCH ,COCH,-p
2,4-(0,N),C4HC(CO,CH,)=NNHC,H,NO,-0 (30)
2,4-(0,N),CH,C(CO,CH,)—=NNHC,H NO,-m (15)
2,4-(0,N),C4H,C(CO,CH,)==NNHCH,NO,-p
2,4-(0,N),C,H,C(CO,CH,)=NNHCH,CO,H-0 (quant.)
2,4-(0,N),C.H C(CO,CH,)=NNHC,H,CO,H-p (quant.)
2,4-(0,N),C,H,C(CO,CH,)=NNHCH,SO0,H-p
2,4-(0,N);CH,C(CO,CH,)=NNHC H,(CH,),-2,4
2,4-(0,N),C,H,C(CO,CH,)=NNHC,HCl,-2,4 (55)
2,4-(0,N),C¢H,C(CO,CH,)—=NNHC HBr,-2,4
2,4-(0,N),CH C(CO,CH)=NNHCH,(CH,),-2,4,6 (80)
2,4-(0,N),CH,C(CO,CH,)=NNHCH,Cl,-2,4,6 (45)
2,4-(0,N),CH C(CO,CH)=—=NNHC,,H,-«
2,4-(0,N),;CH,C(CO,CH,)=NNHC,,H,-8

CO,CH,

NN
O,N “~_-NC:H;

|
(0]

C.H,NHN—C(CO,CH,)C,H,CO,CH,-4-NO,-2
a-Phenylhydrazonohomophthalic anhydride

* The full name is given when it is awkward to name the arylamine as a derivative of aniline,
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Nitrile
Cyanoacetaldehyde

Cyanoacetic acid

Methyl cyanoacetate

Ethyl cyanoacetate

TABLE V

CoUPLING OF DIAZONIUM SALTS WITH NITRILES

Substituent(s)
in Aniline*
4-Bromo
4-Nitro
2-Carboxy
4-Nitro
2-Hydroxy-5-chloro
2-Methyl
4-Methyl
Benzidine
3,3’-Dimethyl-
benzidine
3,3’-Dimethoxy-
benzidine

2-Methyl
4-Methyl
2-Methoxy
4-Methoxy
4-Ethoxy
2-Hydroxy
3-Hydroxy
4-Hydroxy
3-Chloro

Product (Yield, %) ‘
CNC(CHO)=NNHC,H, (15)
CNC(CHO)=NNHCH,Br-p
CNC(CHO)=NNHCH,NO,-p (11)

- (H;N=NC(CN)=NNHC:H,

0-HO,CCgH,N—NC(CN)=—=NNHCH,CO,H-0 (65)
p-0,NCeH,N=NC(CN)=NNHCH,NO,-p
2-1H0-5-C1ICgH;N=NC(CN)=NNHCH,Cl-5-OH-2
CNC(CO,CH,;)—=NNHCH,
CNC(CO,CH,;)—=NNHC,H,CH;-0
CNC(CO,CH,)—NNHCH,CH,-p
4,4’-Biphenylencdihydrazonobis(methyl cyanoglyoxalate)
3,3’-Dimethyl-4,4’-biphenylenedihydrazonobis(methyl
cyanoglyoxalate) ‘
3,3’-Dimethoxy-4,4"-biphenylenedihydrazonobis(methyl
cyanoglyoxalate):
CNC(CO,C,H;)—NNHCH; (quant.)

CNC(CO,C,H,)—=NNHCH,CH,-0
CNC(C0,C,H,)=NNHCH,CH,-p
CONC(CO,0,H,)=NNHCH,0CH;-0
CNC(CO,C,H,)—=NNHCH,0CH,-p
CNC(CO,C,H,)=NNHCH,0C,Hy-p
CNC(CO,0,H,)=—=NNHCH,0H-0
CNC(CO,C,H,)—=NNHCH,0H-m
CNC(CO,C,H,)=NNHCH,0H-p
CNC(CO,C,H,)=NNHC,H,Cl-m (97)

References
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86
19¢
95a

303
19¢
232a
304
304
304
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305, 3068
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82, 74c, 175,
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n-Propyl cyanoacetate
n-Butyl cyanoacetate
n-Amyl cyanoacetate
1-Menthyl cyanoacetate

Cyanoacetamide

Note: References 177—480 are on pp. 136-142.

3-Bromo
2-Nitro
3-Nitro
4-Nitro
2-Carboxy
3-Carboxy
2-Carbomethoxy
4-Sulfo
2,4-Dimethyl
2,4,56-Trimethyl
2,4-Dichloro
2,5-Dichloro
2,5-Dibromo
2,4,6-Tribromo
2-Chloro-4-methyl
4-Chloro-2-methyl
a-Naphthylamine
p-Naphthylamine
Benzidine
3,3’-Dimethyl-
benzidine
3,3’-Dimethoxy-
benzidine
4-Methyl
4-Bromo
4-Nitro

CNC(CO,C,H,)=NNHC,H,,Br-m
CNC(CO,C,H;)=NNHCH,NO,-0
CNC(CO,C,H;)=NNHCH/NO,-m (76)
CNC(CO,C,H;)=NNHCH,NO,-p (97)
CNC(CO,C,H;)=NNHCH,CO,H-0
CNC(CO,C,H;)=NNHCH,CO,H-m
CNC(CO,C,H,)=—NNHCH,CO,CH;-0
CNC(CO,C,H;)=NNHCH,SO,H-p
CNC(CO,C,H;)=NNHC H;(CH;),-2,4
CNC(CO,C,H;)=NNHC¢H,(CH,),-2,4,5
ONC(CO,C,H;)=NNHC H,Cl,-2,4 (96)
CNC(CO,C,I1,)=NNHC H,(Cl1,-2,5 (99)
CNC(CO,CyH,)=—=NNHC H,Br,-2,5
CNC(CO,C,H;)=NNHC:H,Br;-2,4,6
CNC(CO,C,H;)=NNHCH,Cl-2-CH;-4 (71)
CNC(CO,C,H;)=NNHC H,Cl-4-CH,-2 (92)
CNC(CO,CH;)=NNHC, H,-«
CNC(CO,C,H;)=—=NNHC,,H,-f
4,4’-Biphenylenedihydrazonobis(ethyl cyanoglyoxalate)
3,3’-Dimethyl-4,4’-biphenylenedihydrazonobis(ethyl
cyanoglyoxalate)
3,3’-Dimethoxy-4,4’-biphenylenedihydrazonobis(ethyl
cyanoglyoxalate) ‘
ONC(CO,C;H,-n)=—=NNHCH,
CNC(CO,CHy-n)=—=NNHCH,
CNC(CO,C;H,;-n)=NNHC H;
CNC(CO,CoH,y-1)=NNHC,H,CH;-p
CNC(CO,C,oH,-1)=NNHC H,Br-p
CNC(CONH,)—=NNHCH,NO,-p (56)

* The full name is given when it is awkward to name the arylamine as a derivative of aniline.

311
312
312
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311
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Nitrile

Cyanoacetanilide

Ethyl a-cyanopropionate
Ethyl a-cyanobutyrate

Ethyl cyanopyruvate
Malononitrile

Benzylmalononitrile

Nitroacetonitrile

Methylsulfinylacetonitrile
Methylsulfonylacetonitrile
p-Nitrophenylacetonitrile
p-Iminobutyronitrile
f-Oximinobutyronitrile
pB-Iminovaleronitrile
p-Imino-$-phenyl-
propionitrile
f-Phenyliminobutyro-
nitrile
Benzoylacetonitrile

TABLE V—Continued

COUPLING OF DIAZONIUM SALTS WITH NITRILES

Substituent(s)

in Aniline*
4-Methoxy-2-nitro
4-Nitro

4-Bromo

4-Bromo

4-Nitro
4-Nitro
4-Phenyl
4-Nitro
4-Nitro
4-Nitro

2-Methyl
2-Hydroxy-5-sulfo

Product (Yield, %)

CNC(CONHC H,)=NNHC,H;0CH,-4-NO,-2
p-0,NCyH,N=NC(CH,)(CN)CO,C,H,
CeH,N=—NC(C,H;)(CN)CO,C,H,}
p-BrCH,N=NC(C,H;)(CN)CO,C,H,§
C.H,NHN=—C(CN)COCO,C,H; (72)

p-BrC H,NHN=—C(CN)COCO0,C,H; (83)
CH,NHN=C(CN),
p-0,NC,H,NHN=—C(CN), (75)
CH,N=—NC(CN),CH,CH, (84)
p-0,NCgH,N==NC(CN),CH,C,H; (87)

p-CH CeH,N=NC(CN),CH,C,H; (87)
C,H,NHN=—C(NO,)CN
p-0,NC,H,NHN=C(NO,)CN (59)
p-0,NCgH,N=NC(CN)=NNHC,H,NO,-p (72)
p-0,NC,H,NHN=—C(CN)SO,CH, (63)
p-0,NCaH,C(CN)—=NNHCH,
CH,COC(CN)=NNHCH,
CH,COC(CN)=NNHC,H,

?

C¢H COC(CN)—=NNHC,H;

CH,N=C(CH,)C(CN)=NNHC,H,
C,H,COC(CN)=NNHCH,

CH,COC(CN)=NNHC H,CH,-0
C H,COC(CN)=NNHC,H,0H-2-SO,H-5

-
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p-Toluoylacetonitrile
o-Anisoylacetonitrile

o-Ethoxybenzoyl-
acetonitrile
o-Propoxybenzoyl-
acetonitrile
o-Benzyloxybenzoyl-
acetonitrile
p-Chlorobenzoyl-
acetonitrile

Note: References 177—480 are on pp. 136-142.

2-Carboxy-4-sulfo
2-Hydroxy-4-sulfo-
5-methyl
2-Hydroxy-3-sulfo-
5-chloro
2-Hydroxy-3-sulfo-
5-nitro
2-Hydroxy-3-
carboxy-5-sulfo
2-Hydroxy-4-sulfo-
1-naphthylamine
2-Hydroxy-4-sulfo-
6-nitro-1-naph-
thylamine
2-Hydroxy-4-sulfo-
I-naphthylamine
2-Hydroxy-4-sulfo-
1-naphthylamine
2-Hydroxy-4-sulfo-
1-naphthylamine
2-Hydroxy-4-sulfo-
1-naphthylamine
2-Hydroxy-4-sulfo-
1-naphthylamine
2-Hydroxy-4-sulfo-
1-naphthylamine

CHyCOC(CN)=—NNHC,H,CO,H-2-SO,H-4
CyH,COC(CN)=NNHC,H,0H-2-SO,H-4-CH,-5

C H,COC(CN)=NNHC,H,0H-2-SO,H-3-Cl-5
CH,COC(CN)=NNHC,H,0H-2-S0,H-3-NO,-5
C,H;COC(CN)==NNHC,H,0H-2-CO,H-3-S0,H-5

a,f-Dioxo-B-phenylpropionitrile o-(2-hydroxy-4-sulfo-1-
naphthylhydrazone)

a,f-Dioxo-B-phenylpropionitrile a-(2-hydroxy-4-sulfo-6-nitro-
1-naphthylhydrazone)

o,f-Dioxo-p-tolylpropionitrile a-(2-hydroxy-4-sulfo-1-
naphthylhydrazone)

a,f-Dioxo-0-anisylpropionitrile a-(2-hydroxy-4-sulfo-1-
naphthylhydrazone)

o,f-Dioxo-0-ethoxyphenylpropionitrile «-(2-hydroxy-4-sulfo-
1-naphthylhydrazone)

a,f-Dioxo-o-propoxyphenylpropionitrile a-(2-hydroxy-4-sulfo-
1-naphthylhydrazone)

a,p-Dioxo-0-benzyloxyphenylpropionitrile «-(2-hydroxy-4-
sulfo-1-naphthylhydrazone)

o,f-Dioxo-p-chlorophenylpropionitrile a-(2-hydroxy-4-sulfo-
1-naphthylhydrazone)

* The full name is given when it is awkward to name the arylamine as a derivative of aniline.
1t Some p-0,NCH,N(CH3)N=C(CN)CO,C,H; was also formed.

1 Some C{gH N(C,H;)N=—C(CN)CO,C,H; was also formed.

§ Some p-BrC¢H,N(C,H;)N=—C(CN)CO,C,H; was also formed.
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Nitrile
m-Aminobenzoyl-
acetonitrile
m-Nitrobenzoyl-
acetonitrile
m-Carboxybenzoyl-
acetonitrile
2,4-Dimethoxybenzoyl-
acetonitrile
3,4-Dichlorobenzoyl-
acetonitrile

3,4,5-Trimethoxybenzoyl-

acetonitrile
3,4,56-Triethoxybenzoyl-
acetonitrile
p-(p-Cyanoacetophenyl)-
benzoylacetonitrile
Hexahydrobenzoyl-
acetonitrile
a-Naphthoylacetonitrile

p-Naphthoylacetonitrile

3-Methoxy-2-naphthoyl-
acetonitrile

COUPLING OF DIAZONIUM SALTS WITH NITRILES

Substituenb(s )

- in Aniline*

2-Hydroxy-4-sulfo-
I-naphthylamine
2-Hydroxy-4-sulfo-
1-naphthylamine
2-Hydroxy-4-sulfo-
1-naphthylamine
2-Hydroxy-4-sulfo-
1-naphthylamine
2-Hydroxy-4-sulfo-
1-naphthylamine
2-Hydroxy-4-sulfo-
1-naphthylamine
2-Hydroxy-4-sulfo-
1-naphthylamine
2-Hydroxy-4-sulfo-
1-naphthylamine
2-Hydroxy-4-sulfo-
1-naphthylamine
2-Hydroxy-4-sulfo-
1-naphthylamine
2-Hydroxy-4-sulfo-
1-naphthylamine
2-Hydroxy-4-sulfo-
1-naphthylamine

TABLE V—Continued

Product (Yield, %)

o,f-Dioxo-m-aminophenylpropionitrile «-(2-hydroxy-4-sulfo-

1-naphthylhydrazone)

a,-Dioxo-m-nitrophenylpropionitrile a-(2-hydroxy-4-sulfo-1-

naphthylhydrazone)

o, f-Dioxo-m-carboxyphenylpropionitrile a-(2-hydroxy-4- -
sulfo-1-naphthylhydrazone)
o,f-Dioxo-2,4-dimethoxyphenylpropionitrile a-(2-hydroxy-
4-sulfo-1-naphthylhydrazone).
a,f-Dioxo-3,4-dichlorophenylpropionitrile «-(2-hydroxy-
4-sulfo-1-naphthylhydrazone)
o,3-Dioxo-3,4,5-trimethoxyphenylpropionitrile
a-(2-hydroxy-4-sulfo-1-naphthylhydrazone)
o, 3-Dioxo-3,4,5-triethoxyphenylpropionitrile
a-(2-hydroxy-4-sulfo-1-naphthylhydrazone)
a,f-Dioxo-p-(p-cyanoacetophenyl)phenylpropionitrile
a-(2-hydroxy-4-sulfo-1-naphthylhydrazone)
a,f-Dioxocyclohexylpropionitrile a-(2-hydroxy-4-sulfo-

1-naphthylhydrazone)

o,f-Dioxo-1-naphthylpropionitrile «-(2-hydroxy-4-sulfo-

1-naphthylhydrazone)

o, f-Dioxo-2-naphthylpropionitrile «-(2-hydroxy-4-sulfo-

1-naphthylhydrazone)

o, -Dioxo-3-methoxy-2-naphthylpropionitrile
o-(2-hydroxy-4-sulfo-1-naphthylhydrazone)
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5,6,7,8-Tetrahydro-2-
naphthoylacetonitrile

5-Acenaphthenoyl-
acetonitrile

2-Thenoylacetonitrile

2-Furoylacetonitrile

4,4’-Biphenyldicarbonyl-
acetonitrile
Phenylsulfonylacetonitrile

o

2-Hydroxy-4-sulfo-
6-nitro-1-
naphthylamine
2-Hydroxy-3-nitro-
4-sulfo
2-Hydroxy-4-sulfo-
1-naphthylamine
2-Hydroxy-4-sulfo-
1-naphthylamine
2-Hydroxy-4-sulfo-
1-naphthylamine
2-Hydroxy-4-sulfo-
1-naphthylamine
2-Carboxy-4-sulfo

2-Carboxy-3-sulfo-
4-chloro

2-Hydroxy-4-sulfo-
6-nitro-1-
naphthylamine

2-Carboxy-4-sulfo

2-Methyl
3-Methyl
2-Methoxy
4-Methoxy

o, f-Dioxo-3-methoxy-2-naphthylpropionitrile
«-(2-hydroxy-4-sulfo-6-nitro-1-naphthylhydrazone)

o, f-Dioxo-3-methoxy-2-naphthylpropionitrile
a-(2-hydroxy-3-nitro-4-sulfophenylhydrazone)
a,f-Dioxo-f-(5,6,7,8-tetrahydro-2-naphthyl)-propionitrile
o-(2-hydroxy-4-sulfo-1-naphthylhydrazone)

o, 3-Dioxo-f-(5-acenaphthyl)propionitrile «-(2-hydroxy-4-sulfo-

1-naphthylhydrazone)

o, f-Dioxo-f-(2-thienyl)propionitrile u-(2 hydroxy-4-sulfo-1-

naphthylhydrazone)
a,f-Dioxo-f-(2-furyl)propionitrile a-(2-hydroxy-4-sulfo-1-
naphthylhydrazone)
o,B-Dioxo-g-(2-furyl)propionitrile o-(2- carboxy-4-
sulphophenylhydrazone)
o, f-Dioxo-f-(2-furyl)propionitrile «-(2-carboxy-3-sulfo-4-
chlorophenylhydrazone)
o, f-Dioxo-f-(2-furyl)propionitrile «-(2-hydroxy-4-sulfo-6-
nitro-1-naphthylhydrazone)

4,4’-Biphenylenebis-(«,-dioxopropionitrile)
o,0’-di-(2-carboxy-4-sulfophenylhydrazone)
CeH;SO,C(CN)=NNHCH;
C.H;SO,C(CN)=NNHCH,CHj;-0
CgH;S0,C(CN)=NNHCH,CH;-m
C¢H;S0O,C(CN)=NNHCH,OCH;-0
C¢H;SO,C(CN)=NNHC H,OCH;-p

* The full name is given when it is awkward to name the arylamine as a derivative of aniline.
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94

94

94

94

94

94
92
92
92
92
92

SKOLV NOgYV) JOLLVHAI'TV HLIM ONITdA0D WAINOZVIA

QL



Nitrile
Phenylsulfonylacetonitrile
(Cont.)

p-Tolylsulfonylacetonitrile

p-Bromophenylsulfonyl-
acetonitrile

a-Naphthylsulfonyl-
acetonitrile

TABLE V—Continued

CourPLING OF DI1AzONIUM SALTS WITH NITRILES

Substituent(s)

in Aniline*
4-Ethoxy

2,4-Dimethyl
2-Methyl
3-Methyl
4-Methyl
2-Methoxy
4-Methoxy
4-Ethoxy
2,4-Dimethyl

4-Ethoxy

2-Methyl
4-Methyl
4-Methoxy

Product (Yield, %)
CsH;SO,C(CN)=NNHCH,0C,H;-p

CeHS0,C(CN)=NNHC H,(CH,),-2,4
p-CH,CH,S0,C(CN)=NNHC,H;
p-CH,CH,S0,C(CN)=NNHC,H,CH,-0
p-CH,CH,S0,C(CN)=NNHCH,CH,-m
p-CH,C,H,S0,C(CN)=NNHC,H,CH,-p
p-CH,CeH,S0,C(CN)=NNHCH,0CH,-0
p-CH,C,H,S0,C(CN)=NNHCH,0CH,-p
p-CH,4CH,S0,C(CN)=NNHC,H,0C,H;,-p
p-CH,CeH,S0,C(CN)==NNHC Hy(CH,),-2,4
p-BrCH,S0,C(CN)=NNHCH,

p-BrCH,S0,C(CN)=NNHC,H,0C,H,-p
-C;oH,80,C(CN)=NNHC,H; (67)

2-C1oH,80,C(CN)=NNHC,H,CH,-0
@-CyoH,S0,C(CN)=NNHCH,CH,-p
@-C;,H,80,C(CN)=NNHCH,0CH;-p

References
92

92
92
92
92
92
92
92 J
92
92
93

93
93

93
93
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v pB-Naphthylsulfonyl-
acetonitrile

3-Methyl
4-Methyl
4-Ethoxy

a-Phenylsulfonylpropionitrile —

a-p-Chlorophenylsulfonyl-
propionitrile

a-p-Bromophenylsulfonyl-
propionitrile

a-(f-Naphthylsulfonyl)-
propionitrile

a-Phenoxyacetyl-f-imino-£-
phenylpropionitrile

B-Phenoxyacetimido-£-
phenylpropionitrile

Note: References 177-480 are on pp. 136—-142.
* The full name is given when it is awkward to name the arylamine as a derivative of aniline.

4-Methyl
4-Methoxy
4-Ethoxy

p-Naphthylamine
4-Methyl

4-Methoxy

4-Methyl

B-C1oH,S0,C(CN)=NNHC,H;

B-C1H,S0,C(CN)=NNHC,H,CH,-m
B-C1oH,S0,C(CN)=NNHC,H,CH,-p
B-C1oH,S0,C(CN)=NNHCH,0C,H,-p
CH,SO0,C(CN )(CH;)N=NC,H,
CH,S0,C(CN)(CH,)N=NC,H,CH,-p
CHS0,C(CN)(CH;)N=NC4H,0CH,-p
CH,S0,C(CN)(CHy)N=NC,H,0C,H;-p
p-CIC{H,S0,C(CN)(CH,)N=NC,H,

p-CICH,S0,C(CN)(CH;)N=—NC,,H,-8
p-BrCyH,S0,C(CN)(CHy)N=NC,H,CH,-p

p-BrC,H,S0,C(CN)(CH;)N—NC,H,0CH;-p
$-C;,H,S0,C(CN)(CH,)N—NC, H,

B-C1H,S0,C(CN )(CH,)N=NCgH,CH,-p
C,H,0CH,COC(CN)(N=NGCH,)C(=NH)C,H,

CH,OCH,CON=—C/(C4H;)C(CN)=NNHCH,

‘

93

93
93
93
93
93
93
93

93

93

93
93

93
318

319
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Nitrile
(3-p-Tolyl-1,2,4-oxadiazol-5-yl)-
acetonitrile

(3-m-Nitrophenyl-1,2,4-0xa-
diazol-5-yl)acetonitrile

1,2,3,4-Tetrahydroacridine-
4-carbonitrile

2,3-Dihydro-1-cyclopenta[b]-
quinoline-3-carbonitrile

TABLE V—Continued .

CoOUPLING OF DIAZONIUM SALTS WITH NITRILES

N
l (8]
RHNN

Substituent

in Aniline

— R = PPhenyl R’ = p-Tolyl
2-Methoxy R = o0-Anisyl R’ = p-Tolyl
4-Nitro R = p-Nitrophenyl R’ = p-Tolyl

4-Diethylamino R = p-Diethylaminophenyl R’ = p-Tolyl
4-Diethylamino R = p-Diethylaminophenyl R’ = m-Nitrophenyl
4-Methoxy N
S
ON N=NCgH,OCHyp

X

4-Bromo
P
N .
CN N=NCgHBr-p
AN

4-Bromo
pZ

N

CN N=NCgHBr-p

Yield,
%
20

20
20
20
20

References
32
32
32
32
32

98

98

98
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Nitrile

Benzothiazole-2-acetonitrile

3-Methylquinoxaline-2-acetonitrile

Substituent
in Aniline

4-Bromo

4-Chloro

Product (Yield, %)

PN o :
CCON () 36a
~n7 | ,

‘ NNHCH,Br-p

7 N\ CH, s ‘
] (67) 36a
N N7 C=NNHC,H,Cl-p .

|
N=NC,H,Cl-p

?

References

SIWOLV NO9ddV) DILVHAITV HILIM DNITIN0D WAINOZVIA
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TABLE VI

COUPLING OF DIAZONIUM SALTS WITH SULFONES

Sulfone
Bis(methylsulfonyl)methane

Bis(ethylsulfonyl)methane

Methyl (methylsulfonyl)methyl sulfoxide
Ethyl methylsulfonylacetate
2-(Methylsulfonyl)acetamide

Methyl nitromethyl sulfone
Bis(phenylsulfonyl)methane
Bis(methylsulfonyl)methylthiométhane
Phenylsulfonylacetic acid

Ethyl phenylsulfonylacetate

Substituent(s)
in Aniline*
2-Methyl
4-Methyl
4-Nitro
2-Methyl
4-Methyl
4-Nitro
4-Nitro
4-Nitro
4-Nitro
4-Nitro
4-Nitro
2-Methyl
2-Methoxy
2-Methyl
3-Methyl
4-Methyl
2-Methoxy
4-Methoxy
4-Ethoxy
2,4-Dimethyl

Product (Yield, %)

(CH,80,),C=NNHC,H; (56)
(CH,S0,),C==NNHCH,CH;-0 (43)
(CH,S0,),C=NNHC,H,CH,-p (36)
(CH,S0,),C—=NNHCH,NO,-pt
(C,H80,),C=NNHCH; (43)
(C,H,80,),C—=NNHCH,CH,-o0 (48)
(C,H,S0,),C—=NNHC,H,CH,-p (33)
(C,H,80,),C=NNHC,H,NO,-pt
p-0,NCH,N=NC(SO0,CH,)—NNHCH,NO,-pt
CH,S0,C(CO,C,H,)==NNHCH,NO,-p (79)
p-0,NC;H,N=—NC(SO,CH,)=NNHC,H,NO,-p (54)
CH,S0,C(NO,)=NNHCH,NO,-p (35)
(CeH,S0,),C—=NNHCH,NO,-pt
(CH,S0,),C(SCH,)N==NC,H; (66)
CH,S0,C(N=NCH,CH,;-0)=NNHC H,CH,-0
CeH{S0,C(N=NC,H,0CH,-0)=NNHC H,0CH,-0
CeHS0,0(CO,C,H,)=NNHC,H;
CH,S0,0(CO,C,H,)=NNHCH,CH,-0
CeHS0,C(CO,C,Hy)=NNHCH,CHy-m
CH,S0,C(CO,C,H,)—=NNHC,H,CH,-p
CH,S0,C(CO,C,H,)=NNHC,H,0CH,-0
CH,S0,C(CO,C,H,)=NNHCH,0CH,-p
C,H,S0,C(CO,C,H,)=—=NNHC,H,0C,H;-p
C,HS0,C(CO,C,H,)==NNHCHy(CH,),-2,4

References

101
101
101
19¢
101
101
101
19¢
19¢
19¢
19¢
19¢
19¢
320
92
92
92
92
92
92
92
92
92
92

08
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Ethyl p-tolylsulfonylacetate

[

Phenylsulfonylacetamide

p-Tolylsulfonylacetamide

Phenylsulfonylnitromethane
p-Tolylsulfonylnitromethane

2-Methyl
3-Methyl
4-Methyl
2-Methoxy
4-Methoxy
4-Ethoxy
2,4-Dimethyl
2-Methyl
3-Methyl
4-Methyl
2-Methoxy
4-Methoxy
4-Ethoxy
2,4-Dimethyl
2-Methyl
3-Methyl
4-Methyl
2-Methoxy
4-Methoxy
4-Ethoxy
2,4-Dimethyl

4-Nitro

Note: References 177-480 are on pp. 136-142.
* The full name is given when it is awkward to name the arylamine as a derivative of aniline.
1 In addition, some 5-hydroxy-1,3-bis-(p-nitrophenyl)tetrazolium betaine was formed.

p-CH,C.H,S80,C(C0,C, Hy)=NNHC,H,
p-CH,CeH,S0,0(C0,C, Hy)=NNHCH,CH,-0
p-CH,C,H,S0,C(CO,C,H,)=NNHC,H,CH,-m
p-CH,CeH,S0,C(C0,C, Hy)—NNHCH,CH,-p
p-CH,CeH,S0,C(CO,C,H;)=—NNHCH,0CH;-0
p-CH,CeH,S0,C(CO,C, H,)==NNHCH,0CH,-p
p-CH,{CH,S0,0(C0O,C,H,)=—=NNHCH,0C,H,-p
p-CH,CoH,S0,C(CO,C, Hy)==NNHC,H,(CH,),-2,4
CH;S0,C(CONH,)—NNHCH,
CHS0,C(CONH,)—NNHCH,CH,-0
C,HS0,C(CONH,)=NNHC,H,CHy-m

CH S0,C(CONH,)=NNHC,H,CH,-p
CH,S0,C(CONH,)=NNHCH,0CH;-0

C,H S0,C(CONH,)=NNHCH,0CH,-p -

CH S0,C(CONH,)=NNHC,H,0C,H;-p
CH;S0,C(CONH,)=—NNHC,H,(CH,),-2,4
p-CH,C4H,S0,C(CONH,)—NNHC,H,
p-CH,C4H,S0,C(CONH,)=NNHCH,CH-0
p-CH,C,H,S0,C(CONH,)=NNHCH,CH,-m
p-CH,C,H,S0,C(CONH,)—=NNHC,H,CH,-p
p-CH,CeH,S0,C(CONH,)=NNHCH,0CH;-0
p-CH,C,H,S0,C(CONH,)=NNHC,H,0CH,-p
p-CH,CeH,S0,C(CONH,)=NNHC,H,0C,H;-p
p-CH,C4H,S0,C(CONH,)=—=NNHC H,y(CH,),-2,4
C H,80,C(NO,)==NNHC,H,
p-CH,CH,S0,0(NO,)=NNHCH,NO,-p (22)

92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
102

19¢
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TABLE VI—Continued

COUPLING OF DIAZONIUM SALTS WITH SULFONES

Substituent(s)
Sulfone ) in Aniline* Product (Yield, %) References
p-Bromophenylsulfonylnitromethane — p-BrC¢H,SO,C(NO,)=—=NNHCH;, 102
m-Nitrobenzyl phenyl sulfone — m-0,NCH,C(SO,CeH;)—=NNHCH; 102
Sulfazone, i.e., 5-Sulfo-1- 2-(5-Sulfo-1-naphthylazo)sulfazone 103
naphthylamine
8-Hydroxy-6- 2-(8-Hydroxy-6-sulfo-1-naphthylazo)sulfazone 103
H sulfo-1- .
I}J\ co naphthylamine . '
: | 3-Sulfo-4-(p- 2-[3-Sulfo-4-(p-sulfophenylazo)phenylazolsulfazone 103
& _“CHy sulfophenylazo)
0y 4-[p-(4-Hydroxy-3- 2-{p-[p-(4-Hydroxy-3-carboxyphenylazo)-phenyl]- 103
carboxyphenylazo)-  phenylazo}sulfazone
phenyl] .
Sulfazone-7-sulfonylacetic acid 4-Sulfo 2-(p-Sulfophenyhazo)sulfazone-7-sulfonylacetic 321
acid )
3-Carboxy-4- 2-(3-Carboxy-4-hydroxyphenylazo)sulfazone-7- 321
hydroxy sulfonylacetic acid
, 4-Sulfo-1- 2-(4-Sulfo-1-naphthylazo)sulfazone-7- 321
naphthylamine sulfonylacetic acid

Note: References 177480 are on pp. 136-142.
* The full name is given when it is awkward to name the arylamine as a derivative of aniline.

28
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Nitro Compound

Nitromethane

Note: References 177480 are on pp. 136-142.

TABLE VII

CoUuPLING OF Di1AzoNIUM SALTS WITH NITRO COMPOUNDS

Substituent(s)
in Aniline*

2-Methyl
4-Methyl
2-Ethoxy
4-Bromo
2-Nitro
4-Nitro

2-Formyl
2-Acetyl
2-Carboxy

2-Carbomethoxy

4-Carbethoxy
4-Sulfo
4-Sulfamyl
2,4-Dimethyl
2-Phenyl
3-Phenyl
4-Phenyl
4-Phenoxy

Product (Yield, %)
CeH,;NHN—CHNO,

CH,N—=NC(NO,)—=NNHC,H; (56)

0-CHyCoH,N=NC(NO,)—=NNHCH,CH,-0
p-CH,CeH,N=NC(NO,)==NNHC,H,CH,-p
0-C,H;0C,H,N=—NC(NO,)=NNHCH,0C,H;-0
p-BrCeH,N=—NC(NO,)=NNHC,H,Br-p
0-0,NC,H,NHN=CHNO, (77)
p-0,NCeH,N=NC(NO,)=NNHCH,NO,-p
p-0,NC,H,NHN=—CHNO, (6)
0-HCOC,H,NHN=CHNO, (57)
0-CH,COCH,NHN=CHNO, (98)
0-HO0,CC,I,NHN=CHNO, (73)
0-CH,0,CC,H,NHN=—CHNO, (95)
p-C,H,0,CC.H,NHN=—CHNO, (80)
p-HO,SCH,N=NC(NO,)=NNHC,H,SO,H-p
p-H,NSO,C,H,N=NC(NO,)—NNHCH,S0,NH,-p
2,4-(CH,),CeH;N=NC(NO,)==NNHCH,(CH,),-2,4 (20)
0-CeH CeH,N—NC(NO,)=NNHC,H,C,H;-0

m-CeH CeH,N=—=NC(NO,)—=NNHC H,C,H;-m
p-CeHCH,N=NC(NO,)=NNHCH,CsH;-p
p-CH,0C,H,N=—NC(NO,)==NNHC,H,0CH;-p

* The full name is given when it is awkward to name the arylamine as a derivative of aniline.

References

104, 105,
107, 322
20, 3, 104
107, 323
106
106
20
106
323a, 323b
106
171, 324
167d
167d
167d
167d
171
325
106
170
20
20
106
20
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Nitro Compound

Nitromethane (Cont.)

Nitroethane

1-Nitropropane

TABLE VII—Continued

CoUPLING OF DiAazoNIUM SALTS WITH NITRO COMPOUNDS

Substituent(s)

in Aniline*
a-Naphthylamine
f-Naphthylamine
2-Phenylthio
2-(p-Anisyloxy)

2-Phenoxy-4-phenyl

2-Phenylthio-4-
phenyl

2-Methyl
4-Methyl
4-Chloro
4-Bromo

3-Nitro

4-Nitro

4-Sulfo
2,4-Dichloro
2,4,6-Trichloro
2,4,6-Tribromo
a-Naphthylamine
f-Naphthylamine

4-Methyl
4-Nitro
B-Naphthylamine

Product (Yield, %) References
o-C;eH,N=—=NC(NO,)—=NNHC, H,-« 106
p-CoH,N=NC(NO,)—=NNHC, H,-f (63) : 106
0-C¢H;SC,H,N=—NC(NO,)=NNHCH,SC,H;-0 20
N,N’-Di-o-(p-anisyloxy)phenyl-C-nitroformazan } 20
N,N’-Di-(2-phenoxy-4-phenyl)phenyl-C-nitroformazan 20
N,N’-Di-(2-phenylthio-4-phenyl)phenyl-C-nitroformazant 20
CH,C(NO,;)=—NNHCH, (quant.) 326, 1, 2, 107,
171, 324
CH;C(NO,)=NNHCH,CHj,-0 327
CH,C(NO,)—=NNHCH,CH;-p ] 324, 327
CH,C(NO,)=NNHC:H,Cl-p (quant.) 176b
CH,C(NO,)—=NNHC:H,Br-p 328
CH,C(NO,)=NNHCH,NO,-m 329
CH,C(NO,)=—=NNHCH,NO,-p 324
CH,;C(NO,)=NNHC¢H,SO;H-p - 325
CH,C(NO,)—=NNHCH,Cl,-2,4 (95) 330
CH,C(NO,)—=NNHCH,(l;-2,4,61 330, 331
CH,C(NO,)=NNHCH,Br;-2,4,6 (49)% 331
CH,C(NO,)=—NNHC, H,-a (5) . 332
CH4C(NO,)=—NNHC, H,-f 324, 332
C,H,C(NO,)=NNHCH; (87) 326, 4, 107,
324
C,H,C(NO,)=NNHC,H,CH,-p 324
C,H;C(NO,)=NNHCH,NO,-p 324
C,H;C(NO,)=—=NNHC, H,-8 324

.
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2-Nitropropane

1-Nitro-2-propene

1-Nitro-n-butane

4-Methyl
4-Chloro
4-Bromo
2-Nitro
3-Nitro
4-Nitro
2-Carboxy
4-Carboxy
4-Sulfo
4-Acetamido
2,5-Dichloro
2-Methyl-5-nitro
2,4,6-Tribromo
p-Naphthylamine
Benzidine
4-Phenylazo
2-Methyl
4-Methyl
4-Methoxy
4-Ethoxy
4-Chloro
3-Bromo
4-Carboxy

Note: References 177—480 are on pp. 136-142.

* The full name is given when it is awkward to name the arylamine as a derivative of a.mlme.
+ The formazan structure is H, NN—CHN=—NH.

(CH,4),C(NO,)N=—NC,H;
(CH,),C(NO,)N=NCH,CH,-p
(CH,),C(NO,)N=NC,H,Cl-p
(CH,4),C(NO,)N=NC,H,Br-p
(CH,),C(NO,)N=NCH,NO,-0
(CH,),C(NO,)N=NCeH,NO,-m
(CH,4),C(NO,)N=NCH,NO,-p
(CH,),C(NO,)N=NC,H,CO,H-0
(CH,),C(NO,)N==NC H,CO,H-p
(CH,),C(NO,)N=NCH,S0,H-p
(CH,),C(NO,)N=NCH,NHCOCH,-p
(CH,4),C(NO,)N=NCeH,C1,-2,5
(CH,),C(N Oy )N=NCaH,C1lI,-2-NO,-5
(CH,),C(NO,)N=NC4H,Br,-2,4,6
(CH,4),C(NO,)N==NC,,H,-8
[(CH,),C(NO,)N=NC,H,-],
p-(CH;N=N)CH ,N=NC(CH,),NO,
CH,—CHC(NO,)—NNHC,H;
CH,—CHC(NO,)—NNHCH,CH,-0
CH,—CHC(NO,)—NNHCH,CH,-p
CH,—CHC(NO,)=NNHCH,OCH,-p
CH,—CHC(NO,)=NNHCH,0C,H;-p
CH,—CHC(NO,)—NNHC,H,Cl-p
CH,—CHC(NO,)==NNHC,H,Br-m
CH,—CHC(NO,)—NNHC,H,CO,H-p
n-CyH,C(NO,)—NNHC,H;

t In addition, some diarylazonitroethane was formed.

2, 333
333
333
333
333
333

324, 333
333
333
325
333
333
333
333

324, 333

333
333
334
334
334
334
334
334
334
334
107
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TABLE VII—Continued

COUPLING OF DIAZONIUM SALTS WITH NITRO COMPOUNDS

Substituent(s)
Nitro Compound in Aniline* Product (Yield, %) References
2-Nitro-n-butane - 3-Nitro C,H,C(NO,)(CH3;)N=NCH,NO,-m 333
4-Carboxy C,H,C(NO,)(CH,)N—=NCH,CO,H-p 333
2,5-Dichloro C,H;C(NO,)(CH3)N=NC,H,Cl,-2,5 333
2-Methyl-5-nitro C,H,;C(NO,)(CH;)N=NCH,;CH,;-2-NO,-5 333
2,4,6-Tribromo C,H;C(NO,)(CH3)N=NC;H,Br;-2,4,6 333
4-Phenylazo C,H;C(NO,)(CH3)N=NCzH(N=NC;H;)-p 333
2-Methyl-1-nitropropane — (CH,),CHC(NO,)=NNHCH; 5
4-Sulfo (CH,),CHC(NO,)=NNHC H,SO;H-p 325
1-Nitro-n-pentane — n-C,H,C(NO,)=NNHCH; (90-100) 326
Dinitromethane —_ CeH;N=NCH(NO,), 335
4-Nitro p-0,NCgH,NHN=—=C(NO,), (37) 19¢-
1,3-Dinitropropane — CeH,NHN=—C(NO,)CH,C(NO,)=—NNHC Hj 336
4-Mecthyl p-CH;CgH,NHN—C(NO,)CH,C(NOQ,)—=NNHCH,CH;-p 336
4-Methoxy p-CH;0C,H NHN=—C(NO,)CH,C(NO,)=—=NNHCH,OCH;-p 336
1,5-Dinitro-n-pentane — CeH;NHN=—C(NO,)(CH,);C(NO,)—=NNHCH; 337
1,7-Dinitro-n-heptane — CeH,NHN=—C(NO,)(CH,);C(NO,)=—=NNHC,H; 338
Iodonitromethane — IC(NO,;)=NNHCH; 339
4-Methyl IC(NO,)=NNHC¢H,CH;-p 339
Methazonic acid — CeH,NHN=—C(NO,)CH=NOH . 340 -
4-Methyl p-CH,C;H NHN—C(NO,)CH=NOH 340
Nitroacetamide — CeH;NHN=—C(NO,)CONH, 89
4-Nitro p-0,NC,H,NHN=—C(NO,)CONH, (66) 19¢
Methyl nitroacetate — CeH;NHN=—C(NO,;)CO,CH, (56) 341
Ethyl nitroacetate — CeH,NHN=—C(NO,)CO,C,H; 342

4-Nitro p-0,NC.H,NHN=C(NO,)CO,C,H; 342

98
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4-Nitro-1-butanesulfonic acid

2-Nitroethanol

2-Nitropropanol
1-Nitro-2-propanol
2-Nitro-1-butanol

1-Nitro-2-butanol

3-Nitro-2-butanol

1,1,1-Trichloro-3-nitro-2-
propanol

Note: References 177—480 are on pp. 136-142.

4-Nitro
4-Phenylazo
3,3’-Dimethoxy-
benzidine
4-Sulfo
4-Methyl
2-Chloro
4-Chloro

2-Bromo
4-Bromo

2,5-Dichloro
2-Methyl-4-nitro
5-Methyl-3-nitro

p-0,NCH,N=NC(NO,)(C,H,)CH,S0,H (51)

P-(CoH,N=—N)C,H,N=NC(NO,)(C,H,)CH,S0,H (56)
2,2’-(3,3-Dimethoxy-4,4’-biphenylenedisazo )bis-[2-nitro-

1-butanesulfonic acid] (77)
HOCH,C(NO,)=NNICH; (94)
HOCH,C(NO,)=—=NNHCH,S0,H-p
CH,C(NO,)=NNHCH; (78)
CH,CHOHC(NO,)=—NNHC,H,
C,H,C(NO,)—NNHC H;
HOCH,C(NO,)(C,H;)N=NC,H,CH,-p§
HOCH,C(NO,)(C,H;)N=NC¢H,Cl-0§
HOCH,C(NO,)(C,H;)N=NC¢H,CIl-p§ (56)
C,H,C(NO,)=—NNIC.H,Cl-p|
HOCH,C(NO,)(C,H;)N=NC,H,Br-o0§
HOCH,C(NO,}(C,H;)N=NCH,Br-p§
C,H,C(NO,)=NNHCH,Br-p||
HOCH,C(NO,)(C,Hy)N=NCH,Cl,-2,5§
C,H,C(NO,)=NNHCH,CH,-2-NO,-4
HOCH,C(NO,)(C,H;)N—=NC H,CH,-5-NO,-3§
C,H,CHOHC(NO,)=NNHCH,
CH,C(NO,)=NNHC,H,
Cl,CCHOHC(NO,)=NNHC¢H,

* The full name is given when it is awkward to name the arylamine as a derivative of aniline.
§ This product was obtained by acidification of the reaction mixture.
|| This product was obtained when the alkaline reaction mixture was left for several days.

&,

343
343
343

107, 344
344
107
107
107
108
108
108
108
108
108
108
108
108
108
107
107
107
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Nitro Compound
1,1,1-Trichloro-3-nitro-2-
propyl acetate

2-Nitro-1,3-propanediol

2-Nitro-1-pentanol

1-Nitro-2-pentanol

1-Nitro-2-hexanol

2-Nitro-1-phenylethanol

3,3,4-Trichloro-1-nitro-2-
pentyl acetate

1-Benzoyl-2-nitroethanol

2,4-Dinitro-1,3-diphenyl-1-
butanol

a-Nitrotoluene

TABLE VII—Continued

COUPLING OF DIAZONIUM SALTS WITH NITRO COMPOUNDS

Substituent(s)
in Aniline*

2-Methyl
3-Methyl
4-Methyl
4-Chloro
4-Nitro
2,4-Dichloro

4-Methyl
4-Chloro
4-Nitro
4-Nitro

4-Methyl
4-Methoxy
4-Butoxy

Product (Yield, %)
C1,CCH(0,CCH,)C(NO,)=—NNHC,H;

Cl,CCH(0,CCH,)C(NO,)==NNHCH,CH,-0
Cl,CCH(0,CCH,)C(NO,)=NNHCH,CH,-m
C1,CCH(0,CCH,)C(NO,)=NNHCH,CH,-p
Cl,CCH(0,COH,)C(NOy)=NNHCH,Cl-p
Cl,CCH(0,CCH,)C(NO,)=NNHC H,NO,-p
Cl,CCH(0,CCH,)C(NO,)=NNHC,H,Cl,-2,4
HOCH,C(NO,)=NNHCH; (97)
n-CyH,C(NO,)=NNHC,H,
n-C,H,CHOHC(NO,)—NNHC H,
n-C,H,CHOHC(NO,)=—NNHC, H,
C.H,CHOHC(NO,)=NNHC,H;
CH,CHCICCLC(0,CCH,)C(NO,)=NNHCH;

CH,CHCICCLC(0,CCH,)C(NO,)=NNHCH,CH,-p
CH,CHCICCLC(0,CCH,)C(NO,)=—NNHC,H,Cl-p

CH,CHCICCLC(0,CCH,)C(NO,)=NNHC,H,NO,-p

p-0,NCeH,N=NC(NO,)==NNHCH,NO,-p
CeH,CHOHCH(NO,)CH(CgH;)C(NO,)=NNHCH,

CH,C(NO,)=NNHC,H; (80)
CeH C(NO,)=NNHC,H,CH,-p (40)

CoH,C(NO,)=NNHC,H,0CH,-p (33)
CH,C(NO,)=NNHC,H,0C,H,-p (34)

References

171,

345

345
345
345
345
345
345
107
107
107
107
107
345

345
345
345
346
347

348, 349
171
171
171
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a-Nitrobenzylcyanide

p-Methoxy-a-nitrotoluene
p-Chloro-a-nitrotoluene

a,m-Dinitrotoluene
a,p-Dinitrotoluene

4-Benzyloxy

3-Nitro

4-Nitro

4-Phenyl

2,4-Dinitro

2-Methyl-4-nitro

4-Methyl-2-nitro

2-Chloro-4-nitro

p-Naphthylamine

2-(o-Nitrophenyl)

4-Chloro-2-(4-
chloro-2-nitro-
phenyl)

4-Bromo-2-(4-
bromo-2-nitro-
phenyl)

2-Methyl

4-Methyl

2-Chloro

4-Chloro

2-Nitro

4-Nitro

2-(o-Nitrophenyl)

4-Nitro

Note: References 177-480 are on pp. 136-142.
* The full name is given when it is awkward to name the arylamine as a derivative of aniline.

CeH;C(NO,)—=NNHCH,OCH,C;H;-p (39)
CsH;C(NOy)=NNHCH,NO,-m (quant.)
CeH;,C(NO,)=NNHCH,NO,-p
CeH,C(NO,)=NNHCH,C,H;-p (33)
CeH;C(NO,)=NNHCH;(NO,),-2,4
CeH;C(NO,)=NNHCH,CH;-2-NO,-4
CeH,C(NO,)=NNHC{H CH;-4-NO,-2
CeH;C(NO,)=NNHCH,Cl-2-NO,-4
C.H;,C(NO,)=NNHC,,H,-§ (34)
CeH;C(NO,)=NNHC¢H,(C{H,NO,-0)-0 (55)
CeH;C(NO,)=NNHCH;Cl-4-(C¢H;Cl-4-NO,-2)-2 (35)

CHyC(NO,)=NNHCGH,Br-4-(CeH,Br-4-NO,-2)-2

CH,C(CN)=NNHCH,NO,-p
CH,C(CN)=NNHCH,CH,-2-NO,-4
CH,C(CN)=NNHC H,CH,-4-NO,-2
CeH,C(CN)=NNHCH,C(1-2-NO,-4
CH,C(CN)=NNHC,H,(1-4-NO,-2
C.H,C(CN)=NNHCH,(NO,),-2,4
CeH,C(CN)=NNHC,H,(NO,),-2,4
p-CHZ0CH,C(NO,)=NNHC,H,
p-CICH,C(NO,)==NNHCH,(C;H,NO,-0)-0 (75)
m-0,NCH,C(NO,)=NNHC,H; (quant.)
p-0,NCH,C(NO,)=NNHCH,
P-0,NC,H,C(NO,)=NNHCH,NO,-p

111,

171
350
172, 350
171
350
172
172
172
171
323a
323a

323a

114

114
114
114
114
114
114
351
323a
352
352
342
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Nitro Compound

a-Nitroacetophenone

1-Nitro-3-phenylpropane
Diphenylnitromethane
a,a-Dinitrotoluene

COUPLING OF DIAZONIUM SALTS WITH NITRO COMPOUNDS

Substituent(s)
in Aniline*
4-Chloro
4-Bromo
2-Nitro
4-Nitro
2,4-Dichloro
2,5-Dichloro
2,4-Dibromo
2,4,6-Tribromo
2,4,5-Tribromo
2-Methyl
4-Methyl
2-Chloro
4-Chloro
2-Bromo
4-Bromo
2,4-Dimethyl

TABLE VII—Continued

Product (Yield, %)
CeH,COC(NO,)=NNHC.H; (60)
C,H,COC(NO,)=NNHC,H,Cl-p
CH,COC(NO,)=NNHC,H,Br-p
CH;COC(NO,)=NNHCH,NO,-0
1eH,COC(NO,)=NNHCH,NO,-p
CeH,COC(NO,)=NNHCzH,Cl,-2,4
C H,COC(NO,)==NNHC,H,Cl,-2,5
CeH;COC(NO,)—=NNHC H,Br,-2,4
C H,COC(NO,)=—NNHC,H,Br,-2,4,6
C¢H,COC(NO,)=NNHC;H,Br,;-2,4,5
Ce¢H;(CH,),C(NO,)=NNHC H,
(CeH,),C—=NNHC,H,NO,-p
CeH,O(NO,)—=NNHCH,NO,-p
C¢H;C(NO,)=NNHC H,CH,-2-NO,-4
CyH,CON=—=NC,H,CH,-p
CH,C(NO,)=—=NNHC H,C1-2-NO,-4
C¢H,CON=NCH,Cl-p
C H,O(NO,)=NNHCH,Br-2-NO,-4
CsH,CON=NC,H,Br-p
CeH,CON=NCH,(CH,;),-2,4

References

353
353
353
353
342, 353
353
353
353
353
353
354
112, 113
109, 111, 355
109, 356
356
109, 356
356
109, 356
356, 357
110
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o,2-Dinitro-p-xylene
a,a-Dinitro-p-methoxytoluene
4-(2-Nitropropyl)morpholine

1-Di-n-butylamino-2-nitro-
butane

2,3-Diphenyl-1,4-dinitrobutane

2;,3-Di-(3,4-methylenedioxy-
phenyl)-1,4-dinitrobutane

Nitromethyl p-tolyl sulfoxide

2-Methyl-4-nitro
4-Methyl-2-nitro
4-Methyl-3-nitro
2,4,6-Tribromo

4-Chloro

2-Nitro

3-Nitro

4-Nitro
2-Carboxy
4-Carboxy
2,4-Dichloro
p-Naphthylamine
4-Phenylazo
4-Chloro

p-Naphthylamine

4-Nitro

Note: References 177480 are on pp. 136-142.
* The full name is given when it is awkward to name the arylamine as a derivative of aniline.

CeH,CON=NCH;CH;-2-NO,-4
CeH,CON=NC;H;CH;-4-NO,-2
C.H,CON=NC;H,CH;-4-NO,-3
CeH,CON=NC;H,Br;-2,4,6
p-CH,CH,C(NO,)=NNHC,H,NO,-p
p-CH;0CH,C(NO,)=NNHCH,NO,-p
4-(2-Nitro-2-phenylazopropyl)morpholine (22)
4-[2-Nitro-2-(p-chlorophenylazo)propylJmorpholine (26)
4-[2-Nitro-2-(o-nitrophenylazo)propyl]lmorpholine (32)
4-[2-Nitro-2-(m-nitrophenylazo )propyl Jmorpholine {41)
4-[2-Nitro-2-(p-nitrophenylazo)propyl]lmorpholine (46)
4-[2-Nitro-2-(o-carboxyphenylazo )propylJmorpholine (13)
4-[2-Nitro-2-(p-carboxyphenylazo Jpropyl]jmorpholine (26)
4-[2-Nitro-2-(2,4-dichlorophenylazo )propyljmorpholine (48)
4-(2-Nitro-2-pg-naphthylazopropyl)morpholine (25)
4-[2-Nitro-2-(p-phenylazophenylazo)propyl]Jmorpholine (80)
2-(p-Chlorophenylazo)-2-nitrotributylamine (7)

2-f-Naphthylazo-2-nitrotributylamine (17)
2,3-Diphenyl-1,4-dihydrazono-1,4-dinitrobutane (89)
2,3-Di-(3,4-methylenedioxyphenyl)-1,4-dihydrazono-1,4-
dinitrobutane
p-CH,C;H,SOC(NO,)=NNHCH,NO,-p (43)

110
110
110
110

109, 358
109, 358

176a
176a
176a
176a
176a
176a
176a
176a
176a
176a
176a

176a
359
359

19¢
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Hydrocarbon
2-Methylpropene

1,3-Butadiene
2-Methyl-2-butene

1,3-Pentadiene

2-Methyl-1,3-butadicne
2,4-Hexadiene

2-Methyl-2,4-pentadiene
2,3-Dimethyl-1,3-butadiene

Cyclopentadiene
2,4-Cyclopentadiene-1-

carboxylic acid
2,5-Dimethyl-2,4-hexadiene

TABLE VIII

COUPLING OF DIAZONIUM SALTS WITH HYDROCARBONS

Substituent(s)
in Aniline*
4-Amino
2,4-Dinitro
4-Nitro
2,4-Dinitro
4-Amino
2,4-Dinitro
4-Amino

4-Nitro
2,4-Dinitro
4-Nitro
2,4-Dinitro
4-Nitro
2,4-Dinitro
2,4-Dinitro
4-Nitro
2,4-Dinitro
4-Nitro
2,4-Dinitro
2-Hydroxy-5-sulfo

4-Amino
4-Nitro

A. Unsaturated Hydrocarbons

Product (Yield, 9%)

(CH,;),C—CHN=—NCH,N—NCH—C(CHj,),
2,4-(0,N),CgH;N—=NCH=—C(CHj,),
p-O,NC;H,N=—=NCH=—CHCH—CH,
2,4-(0,N),CgHsN=—NCH=—CHCH—CH, (13)
(CH;),C=C(CH;)N=—=NC¢H ,N=—NC(CH;)—C(CH,),
2,4-(0,N),CgHN=NC(CH;)=C(CHj,),
CH,—CHCH=—C(CH;)N=NC;H,N—
NC(CH,;)—CHCH—CH,
p-0,NC¢gH,N=NC(CH,;)—CHCH=—CH,
2,4-(0O,;N),CeH;N=NC(CH,;)—CHCH—CH,
p-0,NC(H,N=—=NCH—C(CH,)CH—CH,
2,4-(0,N),CeH,;N=—=NC(CH,)—CHCH—CH,
p-0,NC¢H,N=NC(CH,)—CHCH=—CHCH,
2,4-(0,N),C¢H;N=—=NC(CH,;)=—CHCH—CHCH,
2,4-(0,N),CeH;N=—=—NCH=—CHCH=—C(CHj,), (49)
p-0,NCH,N=NCH=—=C(CH,)C(CH,4)—CH,, (47)
2,4-(0,N),CeH,N=—=NCH-—C(CH,;)C(CH;)—CH,
1-Phenylazocyclopentadiene (small)
1-(p-Nitrophenylazo )cyclopentadiene
1-(2,4-Dinitrophenylazo)cyclopentadiene
1-(2-Hydroxy-5-sulfophenylazo)-2,4-cyclopentadiene-1-
carboxylic acid (40)
3,3’-(p-Phenylenedisazo)bis-(2,5-dimethyl-2,4-hexadiene)
3-(p-Nitrophenylazo)-2,5-dimethyl-2,4-hexadiene

References

116
116
360
115
116
116
116

115, 116
115, 116
36la
115
116, 360
116
361b
115
115
117, 362
118
118
363

116
116
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Indene

p-Methoxystyrene ’
Phenylacetylene
p-Methoxyphenylacetylene

Anethole
o-Propenylphenol
p-Propenylphenol
Isosafrole

Isoeugenol

Isoapiole
p-Propenyldimethylaniline
1,1-Diphenylethylene
1,1-Bis-(p-tolyl)ethylene

1,1-Bis-(p-anisyl)ethylene

1-Phenyl-1-(p-anisyl)ethylene

2,4-Dinitro
2,4-Dinitro
2,4-Dinitro
4-Nitro
4-Nitro
2,4-Dinitro
4-Nitro
2,4-Dinitro
4-Nitro
4-Nitro
4-Nitro
2,4-Dinitro
4-Nitro
2,4-Dinitro
4-Nitro
4-Nitro
2,4-Dinitro
4-(p-Phenyl-
mercaptobenzoyl)
4-Nitro
4-(p-Phenyl-
mercaptobenzoyl)

2,4-Dinitro

Note: References 177-480 are on pp. 136-142.
* The full name is given when it is awkward to name the arylamine as a derlva,tlve of aniline.
1 These products were obtained by the addition of the dry diazonium salt to an ethanolic solution of the reactant.

1 When an alcoholic solution of the reactant was added to the dry diazonium salt, the entire side chain was eliminated

3-(2,4-Dinitrophenylazo)-2 ,D-dimethyl-2,4-hexadiene
1-(2,4-Dinitrophenylazo)indene
p-CH;0CeH,CH=NNHCH,(NO,),-2,4 (21)
C¢H;COCH=NNHCH,NO,-p (13)
p-CH;OC,H,COCH=NNHCH,NO,-p (33)
p-CH3OC H,COCH=NNHC;H4(NO,),-2,4 (69)
p-CH;0CH,CH—NNHC,H,NO,-p (71)}
p-CH;OC,H,CH=NNHCH;(NO,),-2,4 (62)%
0-HOC,H,CH=NNHC;H,NO,-p (25)t
p-HOC{H,CH=NNHCH,NO,-p (60)t

Piperonal p-nitrophenylhydrazone (72)t

Piperonal 2,4-dinitrophenylhydrazonet

Vanillin p-nitrophenylhydrazone (86)t

Vanillin 2,4-dinitrophenylhydrazonet
Apiolaldehyde p-nitrophenylhydrazonet
p-(CH,),NC.H,CH=NNHCH,NO,-pt}
(CeH;),C—CHN=—NCH,;(NO,),-2,4
(p-CH3C4H,),C—CHN=NC¢H,(COC{H,SCsH;-p)-p

(p-CH,0CH,),C=—CHN=—=NC,H,NO,-p (40)
(p-CH,0CH,);C=CHN=NC,H,(COC H,SCsH;-p)-p

p-CH,0C,H,C(C,H;)—CHN=—NCH,
p-CH,0C,H,C(CeHy)—CHN=—NC H,y(NO,),-2,4 (40)

to give a nearly quantitative yield of N,N-dimethyl-p-(p-nitrophenylazo)aniline.364

116
118
124
124
124
124
127
127
130
130
127
127
128
128
127
129

14

13

14
13

14
14
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Hydrocarbon

1,1-Bis-(p-dimethylamino-
phenyl)ethylene

1-Phenyl-1-(p-dimethylamino-
phenyl)ethylene

1-Phenyl-1,3-butadiene
2,3-Diphenyl-1,3-butadiene

Reactive Methyl Compound
a-Picoline
2,4,6-Trinitrotoluene
2-Methylimidazole
2,6-Dimethyl-3,5-dicarboxy-
pyridine
N-Methylquinaldinium iodide

TABLE VIII—Continued”

A. Unsaturated Hydrocarbons—Continued

Substituent(s)
in Aniline*

4-Nitro

2,4-Dinitro

1-Aminoanthra-
quinone

4-Nitro
2,4-Dinitro
4-Nitro
2,4-Dinitro

Product (Yield, %)
[p-(CH,),NC,H,l,C—CHN—NC,H;

[p-(CHy),NCeH,1,C—CHN—NC,H,NO,p
[p-(CH,),NCgH, ,C=CHN=NCH,(NO,),-2,4
[p-(CH,),NCgH, ,C—CHN=NC,,H,0, (88)

p-(CH,),NCyH,C(CHy)—CHN—=NCgH,

p-(CH,),NCH,C(CeH;)=CHN=NCH,NO,-p
p-(CH,g)yNCH,C(CH)=—CHN==NCHy(NO,),-2,4
CeH ,CH—CHCH—CHN=NC,H,NO,-p
2,4-(0,N),CeH,N=NCH=C(C,H;)C(C¢H;)=—CH,

B. Compounds Containing a Reactive Methyl Group

Substituent(s)
in Aniline
4-Nitro
4-Nitro
4-Nitro
4-Nitro

4-Nitro

Product (Yield, %)

a-Picolinaldehyde p-nitrophenylhydrazone (58)

2,4,6-Trinitrobenzaldehyde p-nitrophenylhydrazone (86)

Imidazole-2-carboxaldehyde p-nitrophenylhydrazone (64)

3,5-Dicarboxy-6-methylpyridine-2-carboxaldehyde
p-nitrophenylhydrazone (94)

1,2-Dihydro-1-methyl-2-phenylazomethylenequinoline

1,2-Dihydro-1-methyl-2-(p-nitrophenylazomethylene)-
quinoline '

References
14

14
14
14

14

14
14
365
366

References
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N-Methylquinaldinium
methosulfate

N-Ethyllepidinium iodide

2,3,3-Trimethylindolenine

1,2,3,3-Tetramethylindolenium
iodide

4-Nitro
2,5-Dichloro
2-Methoxy-5-chloro
2-Methoxy-4-nitro
4-Nitro
2,5-Dichloro
2-Methoxy-5-chloro

2-Methoxy-4-nitro

4-Chloro

4-Nitro

4-Nitro
4-Todo

2-Methoxy-4-nitro

Note: References 177—480 are on pp. 136-142.
* The full name is given when it is awkward to name the arvlamlne as a derivative of aniline.

1,2-Dihydro-1-methyl-2-(p-nitrophenylazomethylene)-
quinoline
1,2-Dihydro-1-methyl-2-(2,5-dichlorophenylazomethylene)-
quinoline
1,2-Dihydro-1-methyl-2-(2-methoxy-5-chlorophenylazo-
methylene)quinoline
1,2-Dihydro-1-methyl-2-(2-methoxy-4-nitrophenylazo-
methylene)quinoline
1,4-Dihydro-1-ethyl-4-(p-nitrophenylazomethylene)-
quinoline
1,4-Dihydro-1-ethyl-4-(2,5-dichlorophenylazomethylene)-
quinoline
1,4-Dihydro-1-ethyl-4-(2-methoxy-5-chlorophenylazo-
methylene)quinoline
1,4-Dihydro-1-ethyl-4-(2-methoxy-4-nitrophenylazo-
methylene)quinoline
3,3-Dimethylindolenine-2-carboxaldehyde phenyl-
hydrazone (60—-90)
3,3-Dimethylindolenine-2-carboxaldehyde p-chloro-
phenylhydrazone (60-90)
3,3-Dimethylindolenine-2-carboxaldehyde p-nitrophenyl-
hydrazone
1,2-Dihydro-2-phenylazomethylene-1,3,3-trimethylindoline

1,2-Dihydro-2-(p-nitrophenylazomethylene)-1,3,3-
trimethylindoline

‘ 1,2-Dihydro-2-(p-iodophenylazomethylene)-1,3,3-

trimethylindoline
1,2-Dihydro-2-(2-methoxy-4-nitrophenylazomethylene)-
1 ,3,3-trimethy1ind01ine

&,

132¢
132g
132g
132¢
132¢
132¢
132¢g
132¢
132a
132a
132a
133; 135
133, 135
133
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Reactive Methyl Compound
2-Methylbenzothiazole

2,3-Dimethylbenzothiazolium

iodide

2,3-Dimethylbenzothiazolium
methosulfate

2-Methyl-3-ethylbenzo-
thiazolium iodide

TABLE VIII—Continued

B. Compounds Containing a Reactive Methyl Group—Continued

Substituent(s)
in Aniline
4-Nitro

4-Nitro

4-Methyl
4-Methoxy
4-Chloro
2-Nitro ’

4-Nitro

4-Sulfo

2,5-Dichloro

2-Methoxy-4-nitro
- 4-Chloro

4-Nitro

Product (Yield, %)

Benzothiazole-2-carboxaldehyde p-nitrophenylhydrazone
(30)
2-[Bis(phenylazo )methylene]-3-methylbenzothiazoline

2-[Bis-(p-nitrophenylazo)methylene]-3-methylbenzo-
thiazoline
2-[Bis-(phenylazo)methylene]-3-methylbenzothiazoline
(80)
2-[Bis-(p-tolylazo)methylene]-3-methylbenzothiazoline
2-[Bis-(p-anisylazo)methylene]-3-methylbenzothiazoline
2-[Bis-(p-chlorophenylazo)methylene]-3-methylbenzo-
thiazoline
2-[Bis-(o-nitrophenylazo)methylene]-3-methylbenzo-
thiazoline
2-(p-Nitrophenylazomethylene)-3-methylbenzothiazoline
2-[Bis-(p-nitrophenylazo)methylene]-3-methylbenzo-
thiazoline
2-[Bis-(p-sulfophenylazo)methylene]-3-methylbenzo-
thiazoline
2-[Bis-(2,5-dichlorophenylazo)methylene]-3-methylbenzo-
thiazoline
2-(2-Methoxy-4-nitrophenylazomethylene)-3-methylbenzo-
thiazoline
2-[Bis-(p-chlorophenylazo)methylene]-3-ethylbenzo-
thiazoline
2-[Bis-(p-nitrophenylazo)methylene]-3-ethylbenzo-
thiazoline

References
366a, b

132¢
132¢
132d
132d
132d
132b, 132d
1324

132¢
132b, 132d

132d
132d
132¢
132b

132b, 132¢
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2,3,6-Trimethylbenzo- 4-Nitro
thiazolium methosulfate
2,3-Dimethyl-6-methoxybenzo- 4-Nitro

thiazolium methosulfate
2-Methyl-3-ethyl-5,6-dimethoxy- 4-Nitro
benzothiazolium methosulfate
1,2,3-Trimethylbenzi- —
midazolium methosulfate
: 4-Chloro

1,2,3-Trimethyl-5-nitrobenzi-
midazolium iodide
1-Phenyl-2,3-dimethyl-5-nitro- 4-Nitro
benzimidazolium iodide
1-Phenyl-2-methyl-3-ethyl-5-
nitrobenzimidazolium iodide
2,3-Dimethylbenzoselenazolium —

4-Nitro

4-Nitro

methosulfate
4-Chloro
4-Nitro
1,2-Dimethylnaphtho[1,2]- —
thiazolium methosulfate
4-Chloro
4-Nitro
3,3-Diethyl-1,2-dimethyl 4-Nitro

indolenium iodide

Note: References 177-480 are on pp. 136-142.

2-[Bis-(p-nitrophenylazo)methylene]-3,6-dimethylbenzo-
thiazoline

2-[Bis-(p-nitrophenylazo)methylene]-6-methoxy-3-methyl-

benzothiazoline

2-[Bis-(p-nitrophenylazo)methylene}-3-ethyl-5,6-dimethoxy-

benzothiazoline
2-[Bis(phenylazo)methylene]-1,3-dimethylbenzimidazoline

2-[Bis-(p-chlorophenylazo)methylene]-1,3-dimethylbenzi-
midazoline
1-Methyl-2-(p-nitrophenylazomethyl)-5-nitrobenzi-
midazole (50)
1-Phenyl-2-(p-nitrophenylazomethyl)-5-nitrobenzi-
midazole
1-Phenyl-2-(p-nitrophenylazomethyl)-5-nitrobenzi-
midazole
2-[Bis(phenylazo)methylene]-3-methylbenzoselenazoline

2-[Bis-(p-chlorophenylazo)methylene]-3-methylbenzo-
selenazoline

2-[Bis-(p-nitrophenylazo)methylene]-3-methylbenzo-
selenazoline

2-[Bis(phenylazo)methylene]-1-methylnaphtho[1,2]-
thiazoline

2-[Bis-(p-chlorophenylazo)methylene]-1-methylnaphtho-
[1,2]thiazoline .

2-[Bis-(p-nitrophenylazo)methylene]-1-methylnaphtho-
[1,2]thiazoline

1,2-Dihydro-1-methyl-2-(p-nitrophenylazomethylene)-
3.3-diethylindoline

132e
132e
132e .
132¢
132e
132f
132f
132f
132¢
132¢
132¢
132e
132e
132e

133, 135
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Reactive Methyl Compound

9-Methylacridine

9,10-Dimethylacridinium

methosulfate

TABLE VIII—Continued

Compounds Containing a Reactive Methyl Group—Continued

Substituent(s)
in Aniline
2-Methyl
3-Methyl
4-Methyl
2-Methoxy
4-Methoxy
4-Hydroxy
4-Chloro
4-Todo
2-Nitro
3-Nitro
4-Nitro
2-Carboxy
3-Carboxy
4-Carboxy
4-Sulfo
2,4-Dimethyl
2,4-Dinitro
2,5-Dimethoxy-4-
phenylamino

4-Nitro

Product (Yield, %)

Acridine-9-carboxaldechyde phenylhydrazone
Acridine-9-carboxaldehyde o-tolylhydrazone
Acridine-9-carboxaldehyde m-tolylhydrazone
Acridine-9-carboxaldehyde p-tolylhydrazone
Acridine-9-carboxaldehyde o-anisylhydrazone
Acridine-9-carboxaldehyde p-anisylhydrazone
Acridine-9-carboxaldehyde p-hydroxyphenylhydrazone
Acridine-9-carboxaldehyde p-chlorophenylhydrazone
Acridine-9-carboxaldehyde p-iodophenylhydrazone
Acridine-9-carboxaldehyde o-nitrophenylhydrazone
Acridine-9-carboxaldchyde m-nitrophenylhydrazone
Acridine-9-carboxaldehyde p-nitrophenylhydrazone
Acridine-9-carboxaldehyde o-carboxyphenylhydrazone
Acridine-9-carboxaldehyde m-carboxyphenylhydrazone
Acridine-9-carboxaldehyde p-carboxyphenylhydrazone
Acridine-9-carboxaldehyde p-sulfophenylhydrazone
Acridine-9-carboxaldehyde 2,4-dimethylphenylhydrazone
Acridine-9-carboxaldehyde 2,4-dinitrophenylhydrazone
Acridine-9-carboxaldehyde 2,5-dimethoxy-4-(phenyl-
amino )phenylhydrazone (43)
9,10-Dihydro-9-methyl-10-phenylazomethyleneacridine

9,10-Dihydro-9-methyl-10-(p-nitrophenylazomethylene)-
acridine

References

131
131
131
131
131
131
131
131
131
131
131
131
131 -
131
131
131
131
131
132

14

14, 132¢g

86
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2-Acetamido-9-methylacridine

9-Methylxanthylium
perchlorate

9-Methylthioxanthylium
perchlorate

1-Phenyl-3-methyl-4-iso-

2,5-Dichloro
2,4-Dinitro
2-Methoxy-5-chloro

2-Methoxy-4-nitro

4-Nitro

4-Nitro
2,4-Dinitro

4-Nitro
2,4 Dinitro

propylidene-2-pyrazolin-5-one

4-Nitro
3-Carboxy

. 2,5-Dichloro

9,10-Dihydro-9-methyl-10-(2,5-dichlorophenylazo-
methylene)acridine
9,10-Dihydro-9-methyl-10-(2,4-dinitrophenylazo-
methylene)acridine
9,10-Dihydro-9-methyl-10-(2-methoxy-5-chlorophenylazo-
methylene)acridine
9,10-Dihydro-9-methyl-10-(2-methoxy-4-nitrophenylazo-
methylene)acridine
2-Acetamidoacridine-9-carboxaldehyde phenylhydrazone (66)
2-Acetamidoacridine-9-carboxaldehyde p-nitrophenyl-
hydrazone (55)
Xanthene-9-carboxaldehyde phenylhydrazone

Xanthene-9-carboxaldehyde p-nitrophenylhydrazone
Xanthene-9-carboxaldehyde 2,4-dinitrophenylhydrazone
Thioxanthene-9-carboxaldehyde phenylhydrazone

Thioxanthene-9-carboxaldehyde p-nitrophenylhydrazone
Thioxanthene-9-carboxaldehyde 2,4-dinitrophenyl-
hydrazone
1-I’henyl-3-methyl-4-a-(phenylazomethyl)ethylidene-2-
pyrazolin-5-one (57)
1-Phenyl-3-methyl-4-«-(p-nitrophenylazomethyl)-
ethylidene-2-pyrazoline-5-one (76)
1-Phenyl-3-methyl-4-a-(m-carboxyphenylazomethyl)-
ethylidene-2-pyrazolin-5-one (62)
1-Phenyl-3-methyl-4-a-(2,5-dichlorophenylazomethyl)-
ethylidene-2-pyrazolin-5-one (51)

1329
14
132¢
132g

132
132

14
14
14
14

14
14

135a
135a
135a

135a
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TABLE VIII—Continued

B. Compounds Containing a Reactive Melhyl Group—Continued

Substituent(s)
Reactive Methyl Compound in Aniline k Product (Yield, %)
1-Phenyl-3-methyl-4-a-methyl- — 1-Phenyl-3-methyl-4-a-phenylazomethylbenzylidene-2-
benzylidene-2-pyrazolin-5-one pyrazolin-5-one (70)
4-Nitro 1-Phenyl-3-methyl-4-«-(p- mtrophenyla,zomet,hyl)benzyl-
idene-2-pyrazolin-5-one (73)
2-Carboxy 1-Phenyl-3-methyl-4-a-(o-carboxyphenylazomethyl)-
benzylidene-2-pyrazolin-5-one (82)
2,5-Dichloro 1-Phenyl-3-methyl-4-a-(2,5-dichlorophenylazomethyl)-

benzylidene-2-pyrazolin-5-one (87)

4-Chloro-2-nitro 1-Phenyl-3-methyl-4-a-(4-chloro-2-nitrophenylazomethyl)-

1-Phenyl-3-methyl-4-(a-methyl- 4-Nitro
m-nitrobenzylidene)-2-
pyrazolin-5-one

Amine

0-Amino-a-methylstyrene
2-(2’-Amino-5’-chlorophenyl)propene
2-(2’-Amino-4’-chlorophenyl)propene

benzylidene-2-pyrazolin-5-one (47)
1-Phenyl-3-methyl-4-[a-(p-nitrophenylazomethyl)-m-
nitrobenzylidene]-2-pyrazoline-5-one (52)

C. Cinnolines from o- Aminophenylethylenes
Substituent(s) in Cinnoline (Yield, %)

4-Methy! (90)
6-Chloro-4-methyl (28)
7-Chloro-4-methyl (55)

References
135a

135a
135a
135a
135a

135a

References
368, 369
369
369
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2-(2’-Amino-3’-chlorophenyl)propene
2-(2’-Amino-3’-methoxyphenyl)propene
2-(2’-Amino-4’- ca,rboxyphenyl)propene
a-(0o-Aminophenyl)styrene
a-(0-Aminophenyl)-f-bromostyrene
a-(0-Aminophenyl)-p-methylstyrene
a-(0-Aminophenyl)-p-methoxystyrene
a-(2-Pyridyl)-o-aminostyrene
a-(2-Amino-5-bromophenyl)styrene
o-(2-Amino-3-methoxyphenyl)styrene
®-(2-Amino-5-chlorophenyl)-2-hydroxystyrene
a-(2-Amino-5-chlorophenyl)-2-hydroxy-5-methylstyrene
1-(o-Aminophenyl)-1-phenylpropene
1-(o-Aminophenyl)-1-p-anisylpropene
a-(0o-Aminophenyl)-g-phenylstyrene
p-(o-Aminophenyl)-f-(p-anisyl)styrene
a-(0-Aminophenyl)-f-benzylstyrene
a-(0-Aminophenyl)-f-(1-naphthyl)styrene
a-(0-Aminophenyl)-f8-(2-pyridyl)styrene
o-(0-Aminophenyl)-f8-(2-pyridyl)-p-methoxystyrene
2-Hydroxy-5-aminolepidine

Note: References 177-480 are on pp. 136-142.
* 2-Phenylchrysene is also formed.

8-Chloro-4-methyl (29)
8-Methoxy-4-methyl (72)
7-Carboxy-4-methyl (79)
4-Phenyl (quant.)

4-Phenyl (22)

4-(p-Tolyl)

4-(p-Anisyl)

4-(2’-Pyridyl) (25)
6-Bromo-4-phenyl
8-Methoxy-4-phenyl (86)
6-Chloro-4-(p-hydroxyphenyl)
6-Chloro-4-(2-hydroxy-5-methylphenyl)
3-Methyl-4-phenyl (84)
4-(p-Anisyl)-3-methyl (90)
3,4-Diphenyl (quant.) .
4-(p-Anisyl)-3-phenyl (98)
3-Benzyl-4-phenyl (quant.)
3-(a-Naphthyl)-4-phenyl*
4-Phenyl:3-(2-pyridyl) (25)
4-(p-Anisyl-3-(2-pyridyl) (70)
5-Hydroxy-3-pyrido[4,3,2-de]

370
167¢, 167a
369, 119
120
120
120
121
123
122
167a
122
122
371, 120
371
372
372
372
372
123
123
373
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TABLE VIII—Continued

D. 4-Hydroxycinnolines from o-Aminophenylacetylenes

Amine

o-Aminophenylacetylene
2-Amino-5-methoxyphenylacetylene
2-Amino-5-chlorophenylacetylene
2-Amino-5-bromophenylacetylene
1-(0-Aminophenyl)-2-phenylacetylene
1-(2’-Amino-4’-methoxyphenyl)-2-phenylacetylene
o-Aminophenylpropiolic acid
2-Amino-5-chlorophenylpropiolic acid
2-Amino-5-bromophenylpropiolic acid
2-Amino-5-methoxyphenylpropiolic acid
2-Amino-4,5-methylenedioxyphenylpropiolic acid

Substituent(s) in

OH
RN
| )
@ WA |
(Yield, %)
6-Methoxy
6-Chloro (20*)
6-Bromo (20%*)
3-Phenyl (55)
6-Methoxy-3-phenyl
3-Carboxy (60)
3-Carboxy-6-chloro (66)
3-Carboxy-6-bromo (66)
3-Carboxy-6-methoxy (68%)
3-Carboxy-6,7-methylenedioxy (37*)

References

125
125
23
23
23
23
367,125, 126
23
23
125
125
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E. Indazoles from o-Toluidines

Reactant, Substituent(s) in Aniline

2-Methyl
2-Cyanomethyl
2-Methyl-3-nitro
2,4-Dimethyl
2-Methyl-4-nitro
2-Methyl-5-nitro
2-Methyl-6-nitro
2,4,6-Trimethyl
2,4-Dinitro-6-methyl
2,3-Dimethyl-4-nitro
2,3-Dimethyl-5-nitro
2,3-Dimethyl-6-nitro
2,4-Dimethyl-3-nitro
2,4-Dimethyl-5-nitro
2,4-Dimethyl-6-nitro
2,5-Dimethyl-3-nitro
2,5-Dimethyl-4-nitro

Note: References 177-480 are on pp. 136-142.
* This is an over-all yield from the nitro compound.

Product, Substituent(s)
in Indazole

@ /
‘ 2N
11\1/

H

(Yield, %)

— (3-5)

3-Cyano (71)

4-Nitro (96-98)
5-Methyl

5-Nitro (82-90)

6-Nitro (90-96)

7-Nitro (80)
5,7-Dimethyl (small)
5,7-Dinitro (34-38)
4-Methyl-5-nitro (79-86)
4-Methyl-6-nitro (94)
4-Methyl-7-nitro (100)
5-Methyl-4-nitro (79)
5-Methyl-6-nitro (75-80)
5-Methyl-7-nitro (48-53)
6-Methyl-4-nitro (93)
6-Methyl-5-nitro (83)

References

136, 138
95b, 168
137, 376
136
137, 138, 376
137, 374, 375, 376
137, 376
136
378
137
137
137
137
137
137, 377
137
137
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Reactant, Substituent(s) in Aniline
2,5-Dimethyl-6-nitro
2,6-Dimethyl-3-nitro
3-Chloro-2-methyl-4-nitro
3-Chloro-2-methyl-6-nitro
4-Chloro-2-methyl-6-nitro
2,3-Dinitro-6-methyl
3-Methoxy-2-methyl-68-nitro
3-Methoxy-6-methyl-2-nitro
3-Diethylsulfamyl-2-methyl-6-nitro
2,4,5-Trimethyl-3-nitro
3,4,6-Trimethyl-2-nitro
2,4,6-Trimethyl-3-nitro
2,4-Dimethyl-3,5-dinitro
2,6-Dimethyl-3,5-dinitro
3,6-Dimethyl-2,4-dinitro
2,4-Dinitro-6-methyl-3-sulfo
2,4,6-Trimethyl-3-amino
2,5-Dinitro-3,4,6-trimethyl
3,5-Dinitro-2,4,6-trimethyl

TABLE VIII—Continued

E. Indazoles from o-Toluidines—Continued

Product, Substituent(s)
in Indazole

(Yield, %)

6-Methyl-7-nitro (81)
7-Methyl-4-(or 6-)nitro (100)
4-Chloro-5-nitro (86)
4-Chloro-7-nitro
5-Chloro-7-nitro
7-Chloro-6-nitro* (85)
4-Methoxy-7-nitro
6-Methoxy-7-nitro (83)
4-Diethylsulfamyl-7-nitro
5,6-Dimethyl-4-nitro (568)
5,6-Dimethyl-7-nitro (20)
5,7-Dimethyl-4-(or 6-)nitro (100)
5-Methyl-4,6-dinitro (80)
7-Methyl-4,6-dinitro (86)
6-Methyl-5,7-dinitro (100)
5,7-Dinitro-6-sulfo
5,7-Dimethyl-4-triazot
5,6-Dimethyl-4,7-dinitro (75-85)
5,7-Dimethyl-4,6-dinitro (100)

References

137
137
380
379
379
380
379
383
379
137
137
137
137
137
137
381
382
137
137
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Reactant

e
H,N CH; J, ' H

Bis-(2-amino-4-chlorophenyl)methane Chloro
Bis-(2-amino-4-cyanophenyl)methane Cyano
Bis-(2-amino-4-acetylphenyl)methane Acetyl
Bis-(2-amino-4-acetamidophenyl)methane Acetamido
Bis-(2-amino-4-carboxyphenyl)methane Carboxy
Bis-(2-amino-4-carbethoxyphenyl)methane Carbethoxy

Note: References 177—480 are on pp. 136-142.
* One nitro group was replaced by chlorine when the diazotization was run in hydrochloric acid.

1 This product was prepared by tetrazotizing the amine and reacting the tetrazonium salt with sodium azide.

380

384
385
385
385
385
386
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CH,

TABLE IX

CoUPLING OF DIAZONIUM SALTS WITH HYDRAZONES

R R’

Cholyl (CpHyy05)
CeH,
CoH,
CH,
C H,

A. Simple Hydrazones

RC=NNHR’
RCH=NNHR’ 4+ R’N,X — ‘
N=NR"
R/I
CeHj
CeH,
CeII,
0-O,NC¢H,
m-O,NC¢H,
p-0O,NCgH, .

CeH;

CeH5

CeHy

CeHj

CgH;

CeH;

CeH,;
0-O,NCH,
p-0,NC¢H,
p-0,NC.H,
p-0,NCsH,
p-O,NC.H,
p-O,NCH,
2,4-(0O,N),CeII,
2,4-(0,N),CeH,4
2,4-(0,N),CgHj,

p-HOSCH,
p-(CeH;CH=CH)CzH,
p-[CeH;C(CN)=CH]CH,
p-(p-O,NC4H,CH=—CH)C,H,
p-(p-CH,CONHCH,CH=—CH)(';H,
p-(CeH,N=N)CgH,
0-O,NCgH,

CgH;

0-O,NC¢H,

m-0,NC¢H,

p-0,NCH,

2,4-(0,N),CsHy

CeH;

0-0,NC¢H,

m-0,NCgH,

Yield, 9%

Quant.
Quant.
68
16
12
28
Small

References

387
322
139, 144, 388
144
144
139, 144
389
389a
389b
389a
389a
389¢
144
144
144
144
129, 144
390
391
390
390
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CH,

CH,
CH,0,C
CH,0,C
CH,0,C
CH,0,C
CH,;0,C
C,H;0,C

- CH;0,C
C,H,
CH,CO
CH,CO
CH,CO
n-C;H,
n-CzH,
i-C;H,
CH,=C(CH,)
(CH4),CHCH,
n-C;Hy,
n-CeHyq
n-CeH,yq
Cyclohexyl
n-C,Hy;
n-C,Hyg
n-CgH,,
n-CyH,,
n-Cp Hy,

Note: References 177—480 are on pp. 136—142.

* Only the syn isomer of methyl glyoxalate 2,4-dimethylphenylhydrazone gave a formazan. The anti isomer reacted with
the elimination of nitrogen.

t The phenylsulfamyl group was replaced by a phenyl group in the coupling reaction.

2,4-(0,N),CeH;,
(CeH;),NCO
CeHj;

CeHj
2,4-(CH,),CeHg*
2,4-(CH,),CeH*
2,4-(CH,),CeH *
CeH,
p-1IOSCeH, T
CeH;

CeHj

CeH;

CeHjy

CeHjy

Cholyl (C,,H;,0;)

CeH;
CeH;
CeHy
CeH;
CeHy
CeHy
H,N(HN=)C
CeH;,
CeH,
CeH;
CeHs
CeHs

p-0,NCH,
Cel,

C.H,
p-0,NC;H,
CgHj
p-BrCsH,
p-0,NC.H,
CeH;

CeH,

CoH,

CeH;
p-CH,,C;H,
p-O,NCH,
p-HO;SCH,
CeH;

C.H;

C.H,

C.H;

C.H;

C.H;,
p-HOSCH,
5-Tetrazolyl
C,H,
4-HO,SC H,
C.H,

C,H,

CoH,

6871

Quant.

46
93

77

390
3984
143
143
143
148
143
148
401

393, 392

52, 226
52
52

389
392
387
393a
392
392
148
389
194

393, 392
389
392
392
148
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n-Cy Hyg
n-Cy Hypy
n-Cy Hyg
n-Cy, Hog
n-Cy Hopg
n-Cp Hyy
CeHy

CeHs
CeHy
CgHy
CeHy
CeHy
CeH;
CeHy
CeHyg
CeH,
CoHy
CeHj
CeHy
CeHy
CeH,
CeH -
CeH;
CeHs
CeHy

RI

p-BrCgH,
p-O,NCH,

O H,
CH,
CH,
C H,
C H,
C H,
CH,
C.H,
O H,
CH,
CH,
CH,
C,H;
CoH,
C H,
CH,
C,H
CHy

TABLE IX—Continued
A. Simple Hydrazones—Continued

RI/

p-BrCgH,
p-0O,NC;H,
p-HO,SCH,
a-CyoH,

JeHj
CgHj
CgHy

p-CH,C.H,
p-i-C;H,C.H,

p-n-Cy, HygCgHy
p-C1CgH,

p-BrC¢H,

p-1C¢H,

0-HOCgH,

0-0,NC¢H,

p-O,NCH,
p-CH;CONHCH,
0-110,CCH,
p-HOSCH,
p-CeHyCeH,
4-CHzCONH-2-CICsH,4
4-CH;CONH-3-CIC H,
4-CH;CONH-2-0,NC¢H,
4-CH;CONH-2-CL,CO,C,H,
p-n-C,Hy,s CONHCH,

«

Yield, 9,
82
83
Quant.
67
63
60
50

83
60
50
45-60
80
58
92
55
75

44
76
44
57
39

References
148 /
148 /
389
148
148
148

394, 18, 19,
19a, 196, 70
395
19
395a
395a

395a, 393

18, 149
396
303

196

395a, 18
397
303
147

395a, 398
395a
395a
395a
395a
395a
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CeH;
CeHj
CeH;
CeHjy
CeH;
CgHy
CeH;
CeH;
CeHj
CeH,
CeHj
CeH;
CeH
CgHs
CeHy
CeHj
CeHj
CeHs
CeHj

CyHy
C.H,
CoH,
C.H,
CH,
CH,
CoHj
CH,
CoH,
CoH;

Note: References 177480 are on pp. 136-142.

CeH,
C,H,
CH,
CH,
C Hy
CeHy
C,H,
CHy

CeHg
CeHj
CeH;
CeHj
CeH,
CeHg
CeHg
CeHy
CeHs
CeHy

p-CH,CONH(CH,),,N(COCH,)C¢H,
p-[(C;H;),N(CH,),0,CIC.H,

p-1(C,H;),N(CH,);CH(CH,)NHO,S]C,H,

p-(CeH;CH=CH)C¢H,
p-(p-HOCH,CH=—CH)CH,
p-(p-BrCsH,CH=CH)CsH,
p-(p-0,NCcH,CH=CH)C;H,
p-(p-CH;CONHCH,CH—CH)C;H,
p-(CeHN=N)CgH,
p-(p-CHCgH,N=N)C,H,
p-(p-CICgH,N=N)C¢H,
p-(p-HOCgH,N=N)C,H,
p-(p-O,NC;H,N=N)C.H,
p-[p-(CH,),NCeH,N=NI]C,H,
p-(p-CH;CONHCH,N=N)C,H,
p-(2-Cl-4-HOC H,N=N)C,H,
p-(3-Cl-4-HOC{H3;N=—N)CzH,
2,5-(CH,),-4-(CeH;N=N)C;H,
a-CyoH,

B-C1oH,
4-(C,H;N=—N)-1-C,,H,
3-Pyridyl

6-Quinolyl

7-Quinolyl
6-Ethoxy-2-quinolyl
6-Methoxy-8-quinolyl
2-Quinolylmethyl
2-Thiazolyl

- 5-Methyl-2-thiazolyl

64

.47

74
32
33
33
14

50 °

53
12
28
57
23
35
27

50
80

395a |
395a
395a
389a
389a
389a
389a
389a
389¢
389¢
389¢
389¢
389¢
389¢
389¢
389¢
389¢
389¢

150, 147, 149,

150,

390
149, 390
389¢
395a
398a
398a
398a
395a
398a
398a
398b
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ol

R

RI
CeH;
CoH,
Cgl
CeHy
0-CH,;CgH,
0-CH,CgH,
p-CH,CH,
p-CH;CgH,
p-CH;CH,
p-CH,CeH,
0-CH3;OCH
p-CH;0CgH,
0-C,H,OCH,
0-C,H,OC:H
»-C,H;0CH,
0-CIC¢H,
p-CICcH,
p-CICH,
p-CIC;H,
p-BrCgH,
p-ICH,
0-C,NCH,
p-0,NCsH,
p-0,NCgH,
p-0O,NCeH,
p-0,NC;H,
p-0,NCH,

TABLE IX—Continued

A. Simple Hydrazones—Continued

RII
4-Methyl-2-thiazolyl
4,5-Dimethyl-2-thiazolyl
2,5-Dimethyl-4-(2-thiazolylazo)phenyl
Pp-(6-Methyl-2-benzothiazolyl)phenyl
Ce¢H,
p-0,NCgH
CgHj
p-CH3CH,
a-CoH;

ﬂ -CioH,
0-CH;0CH,
p-CH,0C;H,
CeH;
p-0,NCH,
CsH,

CeH;

CgH;
p-CICsH
p-(CeH;N=N)C,H,
CeH;
p-1CH,
CeH,

CeH;
p-1CH,
p-0,NC.H,
p-CeH,;CeH,
a-CyoH,

Yield, %

42-51
10
46

36-58

22
41

References

398b
398b
389¢
398a
196
1956
19
19
390
390
290a
290a
196
196
196
196
196
196
196
18, 149 °
396
196
1956
396
323b
398¢
150, 390

011
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CgH,
CeHj
CgHy
CeH;
CeH,
CeHj
CeH;
CeHj
CoHj
CeHj
CeHg
CeH,
CgHy
CeHj
CeH;
CeHs
CeHj
CeH;
CeH;
CeHj,
CeH,
CeHs
CeH,
CeHj
C;H;
CsHy
CeHj
CeHs

Note:

p-0,NCH,
p-0,NCgH,
p-O,NC;H,
p-0,NCH,
p-O,NCgH,
0-HO,CC¢H,
m-HO,CCsH,
m-HO,CCH,
m-HO,CCeH 4
m-HO,CCgH
m-HO,CCH,
m-HO,CCH,
p-HO,CC¢H,
p-CH;CONHCH,
p-HOZSCH,
p-1,NOSCH,
(CeH;),NCO
a-CpoH,

a-CyoH,

o"CmHv.

B-CyoH,
(B-CyH,),NCO
p-CoH, (CgH)NCO
p-CeH;CeH,
Cholyl (C,,H3,05)
p-(CeH;N=N)C¢H,
2-Pyridyl
2-Quinolyl

References 177—480 are on pp. 136-142.
I These products are probably 4-arylazonaphthylhydrazones rather than formazans.

ﬂ'CIOH7

p-(p-C,H;0CH,)CeH
3-CH;0-4-(m-CH;0CzH,)C,H,
3-CH;0-4-[3,4-(CH;0),C;H,JCgH,

2,5-(CH,0),-4-(p-0,NCeH,N==N)C,H,

0-1T0,CCH

CeHj

0-CIC¢H,
m-0,NCH,
0-HO,CC¢H,
m-HO,CCH,
p-HO,CCH,
p-(CeH;N=N)CgH,
p-(CeHN=N)CgH,
CeHj

C.H;

CeH;

CeHst

p-CU,CH, $
p-0O,NCH,

CgH;

CeH

CgH;

p-CeH;CgH,

CeHj

p-(CaH,CII—CH)C,H,

p-CICH,
CeH;

See ref. 150.

§ A 359, yield of the 1-phenylazo-2-naphthylhydrazone of benzaldehyde was obtained also.

52
52
21

5

75-80

147,

150, 149

390
398¢
398¢
398¢
398¢
303
141
141
141
141
141
141
389¢
389¢
147
195
398d
149,
390
390

398d
398d
398
387
389a
398a
19d

390
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| CH,

CeH,
CeH
CeH;
CeH

CeH,
CsHj

p-(CH,),CHC,H,

p-CH,0C,H,
p-CH,OCH,
p-CH3;0CH,
p-CH;0CH,
p-CHZ,OCH,
p-CH30CH,
p-CH;OCH,
0-CIC¢H,
0-CIC,H,
p-CICeH,
p-ClCgH,
p-BrCgH,
p-BrCgH,
p-BrC¢H,
0-HOCH,
0-HOCH,
0-HOC H,
p-HOCH,

. TABLE IX—Continued

A. Simple Hydrazones—Continued

RI
2-Quinolyl
2-Thiazolyl
4-Methyl-2-thiazolyl
4-Phenyl-2-thiazolyl
4,5-Diphenyl-2-

thiazolyl
H,N(NH=)C
H,N(HN=)C
H,N(HN=)C
CsH;
CeH;
p-CICH,
p-0,NCH,
2-Pyridyl
2-Quinolyl
H,N(NH=)C
2-Pyridyl
2-Quinolyl
0-CH,OC;H,
H,N(NH=)C
CeH;
CsH;
CoH,
(CeH;),NCO
2-Pyridyl
2-Quinolyl
CgH;

R”
p-CICH,
CeH;
CeHj
CG H6
CeH;

CgHy

m-0,NC¢H,
5-Tetrazolyl

CeH;
p-(CeH;CH=CH)C,H,
p-CIC¢H,
p-O,NC:H,
p-CICgH,

p-CICH,
5-Tetrazolyl
5-Tetrazolyl
5-Tetrazolyl
0-CH;0C¢H,
5-Tetrazolyl
p-BrCsH,
2,4,6-BryC,H,
p-(C,H;CH=—CH)C,H,
CeH,

p-CIC¢H,

p-ClC H,
p-(CeH;N=N)CH,

~,

Yield, %
66
50
38
22

61

83
43
15

References

398a
398b
398b
398b
398b

402
402
194
15
389a
323b
323b
398a
398a
19d
398a
398a
323b
19d
395a
395a
389a
398d
398a
398a
389¢

eIl
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p-NCC¢H,
p-NCCeH,
0-O,NC H,
0-O,NCgH,
p-O,NC¢H,
p-0,NCgH,
p-0,NCH,
p-O,NCgH,
p-0,NCH,
»-HO,CCH,
p-CH,CO,CH,
p-CH;CONHC-H,
p-CH;CONHC H,
p-CH;CONHC,H,
m-HO4SCeH,
3,4-(CH,0),CeH4
C¢H;CH,

CH;CO
»-CeH;CH,
p-CeH,CoH,
2-Furyl

2-Furyl

2-Furyl

2-Furyl

2-Furyl

2-Thienyl
2-Pyridyl
2-Pyridyl
2-Pyridyl
2-Pyridyl

CeH;

CeH;

2-Pyridyl
2-Quinolyl

CeHj
p-CH;0CH,
p-O,NCgH,
p-0,NC.H,
H,N(HN=)C
p-(CgH;N=N)CgH,
p-(CeH;N=N)CgH,
CeH;

CeH,4
p-CH,CONHCH,
CeH;

CeH

Cholyl (CyH3,05)
CeH

CeH;

p-CeH;CH,

CeHj

(CeH;),NCO
2-Pyridyl
2-Quinolyl

Cholyl (CyyH3505)
CeH;

CeH;

CgH;

CeHj .

CsH,

Note: References 177-480 are on pp. 136-142,

CeH;

p-NCC¢H,

p-CICH,

p-CICgH,

CeH;

p-CH,OCH,
p-CeH;CeH,
3-CH,0-4-(m-CH;0C-H,)CeH,
CeH;
p-(CeH;CH=—=CH)C;H,
p-(CeH,;CH=CH)C,H,
CeH;
p-CH;CONHCH,
p-(p-HOC¢H N=N)C;H,
CeHy

p-CH;0C;H,

CeHj

CeHy

CeH;

p-CeH;C.H,

C.Hy

CeHy

p-CICH,

p-CICH,

CeHy

m-F;CCH,

CeH;

p-CH3;OCgH,

p-CICgH

o-H,NC.H,

40

395a
395a
398a
398a
19b, 395a

323b
398¢
398¢
402

389a
389a
395a
395a
389¢
147

395a
387

70, 204

398

398

402a
398d
398a
398a
387

398a
402a
402a
402a
4020
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TABLE IX—Continued
‘ A. Simple Hydrazones—Continued
R R’ RrR” Yield, % References

2-Pyridyl . C,H; p-(CeH;CH=CH)C:H, 40 402a
2-Pyridyl CeHj; . P-(CeH;N==N)CH, 39 402a
2-Pyridyl 2-Pyridyl p-CIC;H, — 398a
2-Pyridyl 2-Quinolyl p-CIC¢H — 398a
2-Pyridyl 2-Quinolyl 6-Quinolyl — 398a
4-Pyridyl 2-Quinolyl p-ClIC¢H, —_— 398a
4-Pyridyl 2-Quinolyl 6-Quinolyl — 398a
2-Phenyl-1,2,3-triazol-4-yl  CgHj CeH; 59 402a
2,6-Dioxy-4-pyrimidyl C H; ' C H; 76 399
2-Quinolyl C.H; C H; 50 402d, 139a
2-Quinolyl C.H; 0-HO,CCH, 65 400, 402¢
2-Benzothiazolyl CeHj CeHj 47 402d, 402f,
402¢
2-Benzothiazolyl CH; p-CIC¢H, — 132b, 402f
2-Benzothiazolyl CeH; . p-0,NCH, — 1325, 402f,
402h
2-Benzothiazolyl C.H; 0-HO,CCzH, i 56 402d
2-Benzothiazolyl p-ClCgH, CeH; — 132b, 402f
2-Benzothiazolyl p-ClCeH p-CICgH, — 1320, 402f
2-Benzothiazolyl p-O,NCH, CgH; — 1325, 402f,
402h
2-Benzothiazolyl p-0,NCII, p-0,NC¢H, — 1328, 402f,
4029
2-Benzo[ flquinolyl C.H; CeH; 48 402¢

2-Benzo[f]quinolyl CgH; 0-HO,CCH, . 65 402

i41!
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B. Hydrazones of Sugars

Substituent
Hydrazone in Aniline
D-Glucose phenylhydrazone } —
D-Glucose phenylosazone —
Anhydro-p-glucose phenylosazone —_
D-Galactose phenylhydrazone —
D-Galactose phenylhydrazone 4-Bromo

D-Galactose p-bromophenylhydrazone -« —
D-Mannose phenylhydrazone —
L-Arabinose phenylhydrazone —
L-Rhamnose phenylhydrazone —_
D-Xylose phenylhydrazone —
D-Mannose pentaacetate phenylhydrazone —

Note: References 177—480 are on pp. 136-142.

Product (Yield, %) References
D-Glucose diphenylformazan (64) 139b, 139¢
D-Glucose phenylosazone (20) 139a
Anhydro-p-glucose phenylosazone formazan (27) 139d
D-Galactose diphenylformazan (73) 1395, 139¢, 139¢
D-Galactose phenyl-(p-bromophenyl)formazan 139f
D-Galactose phenyl-(p-bromophenyl)formazan 139f
D-Mannose diphenylformazan (68) 13956, 139¢
L-Arabinose diphenylformazan (51) 139b
L-Rhamnose diphenylformazan (45) 139b, 139e
D-Xylose diphenylformazan (55) 1395
D-Mannose diphenylformazan pentaacetate (57) 139e

SKOLV NOdHVD DILVHAITV HLIM DNITdNO0J WAINOZVIA
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CH,

Ce¢H;

CeHj

CeH;

CeHj;

CeH;

C:H;

CegHg
p-CH;0CH,
0-CIC H,
0-CICH,
0-HOC:H,
0-O,NCH,
0-0,NCgH,
p-O,NC.H,
p-O,NC.H,
3,4-(CH;0),C,H,
2-Furyl
2-Furyl
2-Furyl

TABLE IX—Continued

C. Diformazans from Hydrazones and Diamines

RCH=—NHNR’' 4 XN2®@N2X -
Y Y

Rl

CeH;

CsH;

CgH;

CeHj
p-O,NC.H,
p-O,NC;H,
2-Pyridyl
2-Quinolyl
CeH,;
2-Pyridyl
2-Quinolyl
C.H;

v 2-Pyridyl
2-Quinolyl
p-0O,NC.H,
p-O,NCgH,
CeH;

CsH;
2-Pyridyl
2-Quinolyl

CH,
CH,0

CH,0
CH,O
CH,0
CH,O0
CH,0
CH,0
CH,0
CH,0
CH,0

CH,O0
CH,O0
CH,0
CH,O0
CH,O0

RC=NNHR’
l —
N:N( —
\ />
Y 2

Yield, %
90||
39]]
729
11
18

References

179
4025
4025

402k, 4025
398¢
398¢
398a
398a
402k
398a
398a
402k
398a
398a
398¢
398¢
402k

402k, 398a
398a
398a

911
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2-Pyridyl

2-Pyridyl

4-Pyridyl

4-Pyridyl .
2-Thienyl

2-Thienyl
2-Thianaphthenyl
2-Thianaphthenyl
2-Benzothiazolyl

Hydrazone

Glyoxal dicholylhydrazone

Dioxosuccinic acid phenylhydrazone
Succinaldehyde bisphenylhydrazone
Succinaldehyde bisphenylhydrazone

Suberaldehyde bisphenylhydrazone

CeH,
2-Pyridyl
CeHy
2-Pyridyl
CHj

CsHj

CeHj :
2-Pyridyl
CeH;

CH,0 ' —

CH,0 —
CH,0 49
CH,0 . —
H ) —_
CH,O : 61
CH,0 . 64
CH,O0 e
CH,O —

D. Diformazans from Dihydrazones

Substituent
in Aniline

4-Phenylazo

4-Phenylazo

Terephthaldehyde bisphenylhydrazone —
4-Carbethoxy p-Phenylenebis-[N-phenyl-N’-(p-carbethoxyphenyl)-

Note: References 177-480 are on pp. 136-142.
|| The starting material was phenylglyoxylic acid phenylhydrazone.
9 The product was also obtained from phenylglyoxylic acid phenylhydrazone in 509, yield.

Product (Yield, %)
Bis-(N-Cholyl-N’-phenylformazan)
Bis-(N,N’-Diphenylformazan) (small)
C,C’-Ethylenebis-(N,N’-diphenylformazan) (53)
C,C’-Ethylenebis-[N-phenyl-N’-(p-phenylazophenyl )+
formazan] (29)
C,C’-Hexamethylenebis-(N,N’-diphenylformazan)
C,C’-Hexamethylenebis-{N-phenyl-N’-(p-phenylazo-
phenyl)formazan] (39)
p-Phenylenebis-(N,N’-diphenylformazan) (90)

formazan] (47)

398a
398a
402k, 398a
398a
398a
402k, 398a
402k, 398a
398a
398a

References

387
153, 180
179
389¢

395a
389c¢

179
179
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TABLE IX—C’ontinued

E. Diformazans from Dibenzalaminoguanidines

RCH%NNHC(zNH)NHN=CHR + 2R'N,X - RC=NNHC(=NH)NHN—CR

N=NR’ R'N—=N
R . R’ References

CeH; i CeHj 403

CgH; 0-O,NCgH, 194
CgH; p-0,NCH, 194
CgH; p-HO,SC¢H, 403

C¢H, 4-CH;-2-(0O,N)CH, 19d
CeH; 2-CH;-6-(0O,N)C;H, 19d
CeHj 2-CH;-4-CIC¢H, 194
CgHj; B-C,oH, 19d
CgHj 4-Antipyryl 19d
m-0,NCsH, CgHj 403

F. Hydrazones Which Couple with Elimination of a Substituent

OH
' RC=NNHR” + R”N,X ——> RC=NNHR” 4+ R'OH

R . N=NR"
R R’ R” R” Yield, %
HO,C C.H, C.H, 20
HO,C CoH, 2,4-Br,CH, —

HO,C 0-CIC,H, p-0,NCH, Quant.

References

143
170a
145

811
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al

al

CH,

CH,

CH,

CH,

CH,0,C
C,H,0,C
C,H,0,C
CH,CO

C,H,

C,H,

C,H,

C H,

C.H,

C H,

C.H,CO
CoH,N=N

O H N=N
C,H,N—N
HOCH,CH,**
HOCH,CH,**
HOCH,CH,**
HOCH,CH,**

Note: References 177-480 are on pp. 136-142,
** The starting material was the hydrazone of a-0xo-y-butyrolactone.

HO,C
HO,C
HO,C
HO,C
HO,C
HO,C
HO,C

HO,C

HO,C
HO,C
HO,C
HO,C
HO,C
HO,C
HO,C
HO,C
HO,C
HO,C
HO,C
HO,C
HO,C
HO,C
HO,C
HO,C

0-CH,0,CC.H,
2,4-(CI,),CeH,

CeHy

CeH;
0-CH;0C¢H,
p-CH3;0OCH,
CeHj

CsHj

CeH;

C.H,

CH;

C.H;

CgH;

CeH;

CeH;

CeHy

CgHj

C.H;

CeHjy
p»-CH;CeH,
o-CH,;C:H,
0-CICH,
0-CIC¢H,
0-O,NCH,

p-0,NCH,
p-O,NC¢H,
C.H,
0-0,NC¢H,
0-CH;0CzH,
p-CH;0CH,
CeHj

CsH;
p-CHCH,
C¢H;

C,H;
0-CH,C,H,
0-O,NC,H,
m-0,NC¢H,
p-0,NCeH,

2,4-(CH,),CeH,

CgHj

CeHj
p-CH,CgH,
CeH,
0-CICgH
0-CH;C,H,
0-CIC¢H,
0-0,NCgH,

145
145
27, 153, 95a
144
290a
290a
70
70
19
52, 142
19
141
141
141
141
141
120

60, 70, 140, 151

19
19
403a
403a
403a
403a
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R

CH,CHOHCH,tt
CH,CHOHCH,tt
CH,0,C

C,H;0,C

C,H;0,C
l-Carbomenthyloxy
l-Carbomenthyloxy
CeH;N=N
CeH;N=N
C,H;0,C

NO,

NO,

NO,

NO,

NO,

NO,

NO,

Note: References 177-480 are on pp. 136-142.
t1 The starting material was the hydrazone of «-oxo-y-valerolactone.

TABLE IX—Continued

F. Hydrazones Which Couple with Elimination of a Substituent—Continued

Rl
HO,C
HO,C
CH,CO
CH,CO
CH,CO
CH,CO
CH,CO
CH,CO
HO0,CCO
C,H;0,CCO
HOCH,
CH,CH(OH)
C1,CCH(OH)
CH,CH,CH(OH)
CH,(CH,),CH(OH)
CH,(CH,),CH(OH)
C,H,CH(OH)

Rll
CsH,
0-CICgH,
p-CH,CH,
CgH;
pr-CH,CeH,
p-CH,CyH,
p-BrCgH,
CeH;
CeHj,
p-BrCgH,
CeHjy
CeH,
CeH,
CeH;
CeH,
CeH;
CgHy

R/’V
CeHj
0-CIC¢H
CeH;
CeH,
CeHj,
p-CIC{H,
p-CH,;CeH,
CeH;
CeHj
p-BrCgH,
CeH,
CeH,
CeH;
Ce¢H
CeH,
CeHj
CeH,

Yield, %

4
15

References

403a
403a
19
60, 151
19
146
146
52, 142
153
66
107
107
107
107
107
107
107

021
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TABLE X
CoUPLING OF DI1AZONIUM SALTS WITH HETEROCYCLIC COMPOUNDS
A. 5-Pyrazolones

Heterocyclic Compoundf, Product (Yield, %),V

Substituent(s) in

Substituent(s) in

N N
0=(s N Substituent(s) 0=¢s T o
HyC4+—2CH in Aniline* H,C+—32CH References
— — 4-Phenylazo (quant.) 405, 404
- 4-Methyl 4-(p-Tolylazo) (quant.) 405, 404, 406, 407
3-Methyl — 3-Methyl-4-phenylazo 404, 407, 408
2-Aminoanthra- 3-Methyl-4-(2-anthraquinonylazo) (quant.) 250
quinone
3-Carboxy — 3-Carboxy-4-phenylazo 404
2-Carboxy 3-Carboxy-4-(o-carboxyphenylazo) 404
2-Carbethoxy 3-Carboxy-4-(o-carbethoxyphenylazo) 409
3-Carbomethoxy C— 3-Carbomethoxy-4-phenylazo 404
3-Carbethoxy — 3-Carbethoxy-4-phenylazo 404
2-Carboxy 3-Carbethoxy-4-(o-carboxyphenylazo) 404
. 2-Carbethoxy 3-Carbethoxy-4-(o-carbethoxyphenylazo) 409
3-Carbethoxymethyl 4-Methyl 3-Carbethoxymethyl-4-(p-tolylazo) (98) 65
3-Phenyl — 3-Phenyl-4-phenylazo 404, 407, 408, 409
. 2-Methyl 3-Phenyl-4-(o-tolylazo) 404, 409
4-Methyl 3-Phenyl-4-(p-tolylazo) 404, 409
a-Naphthylamine 3-Phenyl-4-(a-naphthylazo) 404, 409
p-Naphthylamine  3-Phenyl-4-(8-naphthylazo) 404, 409

Note: References 177-480 are on pp. 136-142.
* The full name is given when it is awkward to name the arylamine as a derivative of aniline.
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Heterocyclic Compound,
Substituent(s) in

3-(2-Furyl)
1-Methyl-3-amino
1-Methyl-3-carbethoxy
1-Methyl-3-phenyl
1-Acetyl-3-phenyl
1-Phenyl
1-Phenyl-3-methyl

TABLE X—Continued

A. 5-Pyrazolones—Continued

Substituent(s)
in Aniline*
4-Methoxy
4-Methoxy

2-Methyl
3-Methyl
4-Methyl
2-Methoxy
4-Methoxy
2-Ethoxy
4-Ethoxy
2-Chloro
3-Chloro
4-Chloro
4-Bromo
4-Acetyl
2-Nitro
3-Nitro

el e A e e st o

Product (Yield, %),
Substituent(s) in

N
0=c3 13N
[, Sl
H,C CH

3-(2-Furyl)-4-phenylazo
1-Methyl-3-amino-4-(p-anisylazo) (41)
1-Methyl-3-carbethoxy-4-(p-anisylazo) (88)
1-Methyl-3-phenyl-4-phenylazo
1-Acetyl-3-phenyl-4-phenylazo
1-Phenyl-4-phenylazo
1-Phenyl-3-methyl-4-phenylazo
1-Phenyl-3-methyl-4-(o-tolylazo)
1-Phenyl-3-methyl-4-(m-tolylazo)
1-P’henyl-3-methyl-4-(p-tolylazo)
1-Phenyl-3-methyl-4-(o-anisylazo)
1-Phenyl-3-methyl-4-(p-anisylazo)
1-Phenyl-3-methyl-4-(o-ethoxyphenylazo)
1-Phenyl-3-methyl-4-(p-ethoxyphenylazo)
1-Phenyl-3-methyl-4-(o-chlorophenylazo)
1-Phenyl-3-methyl-4-(m-chlorophenylazo)
1-Phenyl-3-methyl-4-(p-chlorophenylazo)
1-Phenyl-3-methyl-4-(p-bromophenylazo)
1-Phenyl-3-methyl-4-(p-acetylphenylazo)
1-I’henyl-3-methyl-4-(o-nitrophenylazo)
1-Phenyl-3-methyl-4-(m-nitrophenylazo)

vy

References

410
411
411
412
408
157
413, 414, 415
415, 416, 417
415, 417
415, 417
415, 417
415, 417
415, 417
415, 417
68, 415
415
415, 417
415, 417
417
415, 417
415, 417
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4-Nitro
4-Acetamido
4-Benzamido
3-Sulfo
’ 4-Sulfo
2,4-Dimethyl
2,5-Dimethyl
2,5-Dichloro
4-Chloro-2-methyl
5-Chloro-2-methyl
4-Chloro-2-nitro
3-Methyl-4-sulfo
4-Chloro-3-sulfo
3-Chloro-5-sulfo
a-Naphthylamine
f-Naphthylamine
1-Nitro-2-
naphthylamine
4-Nitro-1-
naphthylamine
1-Sulfo-2-
naphthylamine
1-(p-Aminophenyl)-
piperazine
6-Amino-2,3-
dihydro-3-
oxobenzo-1,4-
thiazine
Benzidine

Note: References 177-480 are on pp. 136-142.

1-Phenyl-3-methyl-4-(p-nitrophenylazo)
1-Phenyl-3-methyl-4-(p-acetamidophenylazo)
1-Phenyl-3-methyl-4-(p-benzamidophenylazo)
1-Phenyl-3-methyl-4-(m-sulfophenylazo)
1-Phenyl-3-methyl-4-(p-sulfophenylazo)
1-Phenyl-3-methyl-4-(2,4-dimethylphenylazo)
1-Phenyl-3-methyl-4-(2,5-dimethylphenylazo)
1-Phenyl-3-methyl-4-(2,5-dichlorophenylazo)
1-Phenyl-3-methyl-4-(4-chloro-2-methylphenylazo)
1-Phenyl-3-methyl-4-(5-chloro-2-methylphenylazo)
1-Phenyl-3-methyl-4-(4-chloro-2-nitrophenylazo)
1-Phenyl-3-methyl-4-(3-methyl-4-sulfophenylazo)
1-Phenyl-3-methyl-4-(4-chloro-3-sulfophenylazo)
1-Phenyl-3-methyl-4-(3-chloro-5-sulfophenylazo)
1-Phenyl-3-methyl-4-(x-naphthylazo)
1-Phenyl-3-methyl-4-(fi-naphthylazo)
1-Phenyl-3-methyl-4-(1-nitro-2-naphthylazo)

1-Phenyl-3-methyl-4-(4-nitro-1-naphthylazo)
1-Phenyl-3-methyl-4-(1-sulfo-2-naphthylazo)
1-Phenyl-3-methyl-4-(p-1-piperazylphenylazo) (66)
1-Phenyl-3-methyl-4-(2,3-dihydro-3-oxobenzo-1,4-

thiazin-6-ylazo) (88)

4,4’-(4,4’-Biphenylenedisazo)bis-[1-phenyl-3-methyl-
5-pyrazolone]

* The full name is given when it is awkward to name the arylamine as a derivative of aniline.

415, 417
417
417
418
418
417
417

67, 415
415
415
415
418
418
419

415, 417

415, 417
417

417
418
420

421

417

SWOLV NO9YV) JILVHAI'TYV HLIM ONITdN0D WAINOZVIA

€21



TABLE X—Continued

A, 5 Pyrazolones—Continued

Heterocyclic Compound, Product (Yield, %),
Substituent(s) in Substituent(s) in
1
i N
—c7 1 AN
0—?5 ' 21”1 Substituent(s) O_(|:5 ' 2ﬁ
HyC+—3CH in Aniline* H,C4—3CH References

1-Phenyl-3-carbethoxymethyl 4-Methyl 1-Phenyl-3-carbethoxymethyl-4-(p-tolylazo) (89) 65
4-Nitro 1-Phenyl-3-carbethoxymethyl-4-(p-nitrophenylazo) (85) 65

1,3-Diphenyl — 1,3-Diphenyl-4-phenylazo 409, 415, 422
2-Methyl 1,3-Diphenyl-4-(o-tolylazo) 409, 415
3-Methyl 1,3-Diphenyl-4-(m-tolylazo) 415
4-Methyl 1,3-Diphenyl-4-(p-tolylazo) 409, 415
2-Methoxy ) 1,3-Diphenyl-4-(o-anisylazo) . 415 .
4-Methoxy 1,3-Diphenyl-4-(p-anisylazo) ) 415
2-Ethoxy ‘ 1,3-Diphenyl-4-(o-ethoxyphenylazo) 415
4-Ethoxy ‘ 1,3-Diphenyl-4-(p-ethoxyphenylazo) 415
2-Chloro 1,3-Diphenyl-4-(o-chlorophenylazo) 415
3-Chloro ) 1,3-Diphenyl-4-(m-chlorophenylazo) . 415
4-Chloro 1,3-Diphenyl-4-(p-chlorophenylazo) 415

v 4-Bromo 1,3-Diphenyl-4-(p-bromophenylazo) 415

2-Nitro 1,3-Diphenyl-4-(o-nitrophenylazo) ‘ 415
3-Nitro 1,3-Diphenyl-4-(m-nitrophenylazo) 415
4-Nitro 1,3-Diphenyl-4-(p-nitrophenylazo) 415
3-Sulfo 1,3-Diphenyl-4-(m-sulfophenylazo) 418
4-Sulfo 1,3-Diphenyl-4-(p-sulfophenylazo) 418
2,5-Dichloro 1,3-Diphenyl-4-(2,5-dichlorophenylazo) 415
4-Chloro-2-methyl 1,3-Diphenyl-4-(4-chloro-2-methylphenylazo) . 415

e e e ot ot et e et e o B o
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5-Chloro-2-methyl
4-Chloro-2-nitro
3-Methyl-4-sulfo
4-Chloro-3-sulfo
a-Naphthylamine
p-Naphthylamine
1-Sulfo-2-
naphthylamine
1-Phenyl-3-(2-furyl) ‘ —
2-Methyl
3-Methyl
4-Methyl
2-Methoxy
4-Methoxy
2-Ethoxy
4-Ethoxy
2-Chloro
3-Chloro
4-Chloro
4-Bromo
2-Nitro
3-Nitro
4-Nitro
3-Sulfo
4-Sulfo
2,5-Dichloro
4-Chloro-2-methyl
5-Chloro-2-methyl
- 4-Chloro-2-nitro

Note: References 177—480 are on pp. 136-142.

1,3-Diphenyl-4-(5-chloro-2-methylphenylazo)
1,3-Diphenyl-4-(4-chloro-2-nitrophenylazo)
1,3-Diphenyl-4-(3-methyl-4-sulfophenylazo)
1,3-Diphenyl-4-(4-chloro-3-sulfophenylazo)
1,3-Diphenyl-4-(a-naphthylazo)
1,3-Diphenyl-4-(f-naphthylazo)
1,3-Diphenyl-4-(1-sulfo-2-naphthylazo)

1-Phenyl-3-
1-Phenyl-3-

2-furyl)-4-phenylazo
2-furyl)-4-(o-tolylazo)
1-Phenyl-3-(2-furyl)-4-(m-tolylazo)
1-Phenyl-3-(2-furyl)-4-(p-tolylazo)
1-Phenyl-3-(2-furyl)-4-(o-anisylazo)
1-Phenyl-3-(2-furyl)-4-(p-anisylazo)
1-Phenyl-3-(2-furyl)-4-(o-ethoxyphenylazo)
1-Phenyl-3-(2-furyl)-4-(p-ethoxyphenylazo)
1-Phenyl-3-(2-furyl)-4-(o-chlorophenylazo)
1-Phenyl-3-(2-furyl)-4-(m-chlorophenylazo)
1-Phenyl-3-(2-furyl)-4-(p-chlorophenylazo)
1-Phenyl-3-(2-furyl)-4-(p-bromophenylazo)
1-Phenyl-3-(2-furyl)-4-(o-nitrophenylazo)
1-Phenyl-3-(2-furyl)-4-(m-nitrophenylazo)
1-Phenyl-3-(2-furyl)-4-(p-nitrophenylazo)
1-Phenyl-3-(2-furyl)-4-(m-sulfophenylazo)
1-Phenyl-3-(2-furyl)-4-(p-sulfophenylazo)
1-Phenyl-3-(2-furyl)-4-(2,5-dichlorophenylazo)
1-Phenyl-3-(2-furyl)-4-(4-chloro-2-methylphenylazo)
1-Phenyl-3-(2-furyl)-4-(5-chloro-2-methylphenylazo)
1-Phenyl-3-(2-furyl)-4-(4-chloro-2-nitrophenylazo)

P e e e

o~~~

* The full name is given when it is awkward to name the arylamine as a derivative of aniline.

&,

415
415
418
418
409, 415
409, 415
418

410, 415
410, 415
410, 415
410, 415
410, 415
410, 415
410, 415
410, 415
410, 415
410, 415
410, 415
410, 415
410, 415
410, 415
410, 415
418
418
415
415
415
415
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Heterocyclic Compound,

* Substituent(s) ir

H
N.

0=c3 13N

H,C4—3CH

1-Phenyl-3-(2-furyl) (Cont.)

1-Phenyl-3-(x-phenylbutyramido)

1-p-Tolyl-3-methyl

1-(o-Chlorophenyl)-3-methyl
1-(m-Chlorophenyl)-3-methyl

p-Chlorophenyl)-3

1-(
1-(2,4-Dichlorophenyl)-3-methyl
1-(m-Nitrophenyl)-3-phenyl
1-(p-Nitrophenyl)-3-methyl
1-(o-Carboxyphenyl)-3-methyl
1-(o-Carboxyphenyl)-3-phenyl

TABLE X-—Continued

A.

Substituent(s)
in Aniline*
3-Methyl-4-sulfo
4-Chloro-3-sulfo
a-Naphthylamine
p-Naphthylamine
1-Sulfo-2-
naphthylamine
4-Methoxy
4-Methyl
2-Chloro
2,4-Dichloro

4-Chloro

4-Methoxy
2-Chloro

4-Methyl

5- Pyrazolones—Continued

Product (Yield, %),
Substituent(s) in

N
o=c3 13N
H,C+—3CH

1-Phenyl-3-(2-furyl)-4-(3-methyl-4-sulfophenylazo)
1-Phenyl-3-(2-furyl)-4-(4-chloro-3-sulfophenylazo)
1-Phenyl-3-(2-furyl)-4-(e«-naphthylazo)
1-Phenyl-3-(2-furyl)-4-(f-naphthylazo)
1-Phenyl-3-(2-furyl)-4-(1-sulfo-2-naphthylazo)
1-Phenyl-3-(a-phenylbutyramido)-4-(p-anisylazo) (80)
1-p-Tolyl-3-methyl-4-phenylazo
1-p-Tolyl-3-methyl-4-(p-tolylazo)
1-(0-Chlorophenyl)-3-methyl-4-(o-chlorophenylazo)
1-(m-Chlorophenyl)-3-methyl-4-(2,4-dichloro-
phenylazo)
1-(p-Chlorophenyl)-3-methyl-4-(p-chlorophenylazo)
1-(2,4-Dichlorophenyl)-3-methyl-4-phenylazo
1-(m-Nitrophenyl)-3-phenyl-4-phenylazo
1-(p-Nitrophenyl)-3-methyl-4-(p-anisylazo) (52)
1-(p-Nitrophenyl)-3-methyl-4-(o-chlorophenylazo)
1-(o-Carboxyphenyl)-3-methyl-4-phenylazo
1-(o-Carboxyphenyl)-3-phenyl-4-phenylazo
1-(o-Carboxyphenyl)-3-phenyl-4-(p-tolylazo)

«

References

418
418
415
410, 415
418

423
416
416
424
424

424
424
425
423

68
426
427
427
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1-(m-Carboxyphenyl)-3-methyl
1-(p-Carboxyphenyl)-3-methyl
1-(o-Sulfophenyl)-3-methyl
1-(p-Sulfophenyl)-3-methyl

1-(p-Sulfophenyl)-3-phenyl

1-(p-Sulfophenyl)-3-(2-furyl)

4-Nitro
2,5-Dichloro
4-Chloro-2-methyl

5-Chloro-2-methyl

2-Nitro

4-Nitro
2,5-Dichloro
4-Chloro-2-methyl

5-Chloro-2-methyl
2-Nitro

4-Nitro
2,5-Dichloro
4-Chloro-2-methyl

5-Chloro-2-methyl

Note: References 177-480 are on pp. 136-142.
* The full name is given when it is awkward to name the arylamine as a derivative of aniline.

1-(m-Carboxyphenyl)-3-methyl-4-phenylazo
1-(p-Carboxyphenyl)-3-methyl-4-phenylazo
1-(o-Sulfophenyl)-3-methyl-4-phenylazo
1-(p-Sulfophenyl)-3-methyl-4-phenylazo
1-(p-Sulfophenyl)-3-methyl-4-(p-nitrophenylazo)
1-(p-Sulfophenyl)-3-methyl-4-(2,5-dichlorophenylazo)
1-(p-Sulfophenyl)-3-methyl-4-(4-chloro-2-methyl-
phenylazo)
1-(p-Sulfophenyl)-3-methyl-4-(5-chloro-2-methyl-
phenylazo)
1-(p-Sulfophenyl)-3-phenyl-4-phenylazo
1-(p-Sulfophenyl)-3-phenyl-4-(o-nitrophenylazo)
1-(p-Sulfophenyl)-3-phenyl-4-(p-nitrophenylazo)
1-(p-Sulfophenyl)-3-phenyl-4-(2,5-dichlorophenylazo)
1-(p-Sulfophenyl)-3-phenyl-4-(4-chloro-2-methyl-
phenylazo)
1-(p-Sulfophenyl)-3-phenyl-4-(5-chloro-2-methyl-
phenylazo)
1-(p-Sulfophenyl)-3-(2-furyl)-4-phenylazo
1-(p-Sulfophenyl)-3-(2-furyl)-4-(o-nitrophenylazo)
1-(p-Sulfophenyl)-3-(2-furyl)-4-(p-nitrophenylazo)
1-(p-Sulfophenyl)-3-(2-furyl)-4-(2,5-dichloro-
phenylazo)
1-(p-Sulfophenyl)-3-(2-furyl)-4-(4-chloro-2-methyl-
phenylazo)
1-(p-Sulfophenyl)-3-(2-furyl)-4-(5-chloro-2-methyl-
phenylazo) ’

£,

428
428
429
430, 431
430, 432
430
430

430
430
430
430
430
430
430

430
430
430
430

430

430
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Heterocyclic Compound,

Substituent(s) in

N
o=cy l\zﬁ
H,C4+—3CH

1-(m-Sulfamylphenyl)-3-methyl

1-Diphenylmethyl-3-methyl
1-(2-Naphthyl)-3-methyl

1-(2-Anthraquinonyl)-3-methyl

1-(2-Benzothiazolyl)-3-methyl

TABLE X—Continued

A. 5-Pyrazolones—Continued

Substituent(s)

in Aniline¥*

2-Hydroxy-4-sulfo-
1-naphthylamine

2-Hydroxy-4-sulfo-
6-nitro-1-
naphthylamine

4-Methyl

2-Amino-
anthraquinone
a-Naphthylamine
p-Naphthylamine
2-Amino-
anthraquinone

4-Sulfo

Product (Yield, %),
Substituent(s) in

1-(m-Sulfamylphenyl )-3-methy1-4- (2-hydroxy-4-sulfo-

1-naphthylazo)

1-(m-Sulfamylphenyl)-3-methyl-4-(2-hydroxy-4-sulfo-
6-nitro-1-naphthylazo)

1-Diphenylmethyl-3-methyl-4-(p-tolylazo)
1-(2-Naphthyl)-3-methyl-4-(2-anthraquinonylazo)

(quant.)

1-(2-Anthraquinonyl)-3-methyl-4-phenylazo
1-(2-Anthraquinonyl)-3-methyl-4-(a-naphthylazo)
1-(2-Anthraquinonyl)-3-methyl-4-(f-naphthylazo)
1-(2-Anthraquinonyl)-3-methyl-4-(2-anthra-

quinonylazo)

1-(2-Benzothiazolyl)-3-methyl-4-phenylazo
1-(2-Benzothiazolyl)-3-methyl-4-(p-sulfophenylazo)

References
433

433

434
250

250
250
250
250

435
435
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Heterocyclic Reactant ,

1-Methyl-3-hydroxy-5-pyrazolone
imide

3-(p-Tolyl)-5-pyrazolone imide

1-Phenyl-3-methyl-5-pyrazolone
imide

1-(0-Tolyl)-3-methyl-5-pyrazolone
imide i
1-Phenyl-3-methyl-5-thiopyrazo-
lone
1-Phenyl-5-methyl-3-pyrazolone
1-(o-Tolyl)-5-methyl-3-pyrazolone
1-(p-Tolyl)-5-methyl-3-pyrazolone
1-(p-Bromophenyl)-5-methyl-3-
pyrazolone
1-(o-Carboxyphenyl)-5-methyl-3-
pyrazolone
Pyrazolidine-3,5-dione
1-Phenylpyrazolidine-3,5-dione

1-Phenyl-4-ethylpyrazolidine-3,5-

dione ,

B. Miscellaneous Heterocyclic Compounds

Substituent(s)
in Aniline*
4-Methoxy

4-Sulfo

B-Naphthylamine

4-Methyl

4-Methyl

Note: References 177480 are on pp. 136-142.
* The full name is given when it is awkward to name the arylamine as a derivative of aniline.

Product (Yield, %)

1-Methyl-3-hydroxy-4-(p-methoxyphenylazo)-5-
pyrazolone imide (35)

3-(p-Tolyl)-4-phenylazo-5-pyrazolone imide

1-Phenyl-3-methyl-4-phenylazo-5-pyrazolone imide (59)

1-Phenyl-3-methyl-4-(p-sulfophenylazo)-5-pyrazolone
imide

1-Phenyl-8-methyl-4-(8-naphthylazo)-5-pyrazolone imide

1-(0-Tolyl)-3-methyl-4-phenylazo-5-pyrazolone imide

1-Phenyl-3-methyl-4-phenylazo-5-thiopyrazolone

1-Phenyl-4-phenylazo-5-methyl-3-pyrazolone
1-(o-Tolyl)-4-phenylazo-5-methyl-3-pyrazolone
1-(p-Tolyl)-4-phenylazo-5-methyl-3-pyrazolone
1-(p-Bromophenyl)-4-phenylazo-5-methyl-3-pyrazolone

1-(o-Carboxyphenyl)-4-phenylazo-5-methyl-3-pyrazolone

4-(p-Tolylazo)pyrazolidine-3,5-dione
1-Phenyl-4-phenylazopyrazolidine-3,5-dione
1-Phenyl-4-(p-tolylazo)pyrazolidine-3,5-dione
1-Phenyl-4-ethyl-4-phenylazopyrazolidine-3,5-dione

&

References

411

318
437, 436

438

439
440

441, 442

443, 444
444
444
445

446

404
447
448
449
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Heterocyclic Reactant

1-p-Tolylpyrazolidine-3,5-dione
3-Methyl-5-isoxazolone

3-Phenyl-5-isoxazolone
3-(m-Tolyl)-5-isoxazolone
3-(p-Tolyl)-5-isoxazolone

3-(m-Chlorophenyl)-5-isoxazolone

3-(m-Nitrophenyl)-5-isoxazolone
3-Anilino-5-isoxazolone
3-Methyl-5-iminoisoxazole
2-Benzyl-4-imidazolone
1,2,3-Triazol-5-one
1-Carboxymethyl-1,2,3-triazol-5-
one
1-Phenyl-1,2,3-triazol-5-one
1-Acetylbenzalhydrazide-1,2,3- '
triazol-5-one i
1-Acetylglycinbenzalhydrazide-
1,2,3-triazol-5-one
Barbituric acid

TABLE X—Continued’

B. Miscelluneous Heterocyclic Compounds—Continued

Substituent(s)

in Aniline*
2-Methyl
4-Methyl
2-Methoxy
a-Naphthylamine
f-Naphthylamine

4-Nitro
4-Nitro
4-Nitro -
4-Methyl
4-Methyl

4-Methyl
4-Methyl

2-Nitro

Product (Yield, %)

1-(p-Tolyl)-4-phenylazopyrazolidine-3,5-dione
3-Methyl-4-phenylazo-5-isoxazolone (quant.)
3-Methyl-4-(o-tolylazo)-5-isoxazolone
3-Methyl-4-(p-tolylazo)-5-isoxazolone
3-Methyl-4-(o-anisylazo)-5-isoxazolone
3-Methyl-4-(a-naphthylazo)-5-isoxazolone
3-Methyl-4-(S-naphthylazo)-5-isoxazolone
3-Phenyl-4-phenylazo-5-isoxazolone

-+ 8-(m-Tolyl)-4-phenylazo-5-isoxazolone

3-(p-Tolyl)-4-phenylazo-5-isoxazolone
3-(m-Chlorophenyl)-4-(p-nitrophenylazo)-5-isoxazolone
3-(m-Nitrophenyl)-4-(p-nitrophenylazo)-5-isoxazolone
3-Anilino-4-phenylazo-5-isoxazolone
3-Methyl-4-phenylazo-5-iminoisoxazole
3-Benzyl-5-(p-nitrophenylazo)-4-imidazolone
4-(p-Tolylazo)-1,2,3-triazol-5-one
1-Carboxymethyl-4-(p-tolylazo)-1,2,3-triazol-5-one

1-Phenyl-4-phenylazo-1,2,3-triazol-5-one

1-Acetylbenzalhydrazide-4-(p-tolylazo)-1,2,3-triazol-5-
one

1-Acetylglycinbenzalhydrazide-4-(p-tolylazo)-1,2,3-
triazol-5-one

5-Oxobarbituric acid phenylhydrazone (quant.)

5-Oxobarbituric acid o-nitrophenylhydrazone

References

450
451, 227, 452
227
227
227
227
227
453
454
454
455
455
456
90
457
458
458

459
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460
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N,N’-Diphenylbarbituric acid

N,N’-Diphenyl-5-benzylbarbituric
acid

N,N’-Diphenyl-5-diphenylmethyl-
barbituric acid
N,N’-Diphenylthiobarbituric acid

N,N’-Diphenyl-5-diphenylmethyl-
thiobarbituric acid
2-Thianaphthenone

3-Thianaphthenone
5-Methyl-3-thianaphthenone
3-Selenanaphthenone
6-Nitrooxindole
1-I’henyloxindole

Indoxyl - !

4-Nitro

4-Sulfamyl

4-(p-Dimethyl-
sulfamylphenyl)-
sulfamyl

4-Nitro

4-Nitro
4-Nitro

4-Nitro

4-Nitro
a-Naphthylamine
p-Naphthylamine
4-Nitro

Note: References 177-480 are on pp. 136-142.
* The full name is given when it is awkward to name the arylamine as a derivative of aniline.

5-Oxobarbituric acid p-nitrophenylhydrazone

5-Oxobarbituric acid p-sulfamylphenylhydrazone

5-Oxobarbituric acid p-(p- dlmethylsulfamylphenyl)
sulfamylphenylhydrazone

N,N’-Diphenyl-5-oxobarbituric acid phenylhydrazone

N,N’-Diphenyl-5-oxobarbituric acid p-nitrophenyl-
hydrazone '

N,N’-Diphenyl-5-benzyl-5-phenylazobarbituric acid

N,N’-Diphenyl-5-benzyl-5-(p-nitrophenylazo)-
barbituric acid
N,N’-Diphenyl-5-diphenylmethyl-5-(p-nitrophenylazo)-
barbituric acid
N,N’-Diphenyl-5-phenylazothiobarbituric acid
N,N’-Diphenyl-5-(p-nitrophenylazo )thiobarbituric acid
N,N’-Diphenyl-5-diphenylmethyl-5-phenylazothio-
barbituric acid
3-Phenylazo-2-thianaphthenone
3-(p-Nitrophenylazo)-2-thianaphthenone
3-(a-Naphthylazo)-2-thianaphthenone
3-(f-Naphthylazo)-2-thianaphthenone
2-(p-Nitrophenylazo)-3-thianaphthenone
2-Phenylazo-5-methyl-3-thianaphthenone
2-Phenylazo-3-selenanaphthenone
3-(p-Bromophenylazo)-6-nitrooxindole
1-Phenyl-3-phenylazoéxindole
2-Phenylazoindoxyl

461
244
244

462
462

462

462

462

463
463
463

464
464
464
464
465
466
467

7
468
469
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Heterocyclic Reactant

Homophthalimide

TABLE X—Continued

B. Miscellaneous Heterocyclic Compounds—Continued

Substituent(s)
in Aniline*
2-Methyl
3-Methyl
4-Methyl
2-Chloro
2-Nitro
4-Nitro
2-Carboxy
3-Carboxy
4-Sulfo
2,4-Dimethyl
4-Methyl-2-nitro
4-Methyl-3-nitro
a-Naphthylamine
p-Naphthylamine
4-Sulfo-1-
naphthylamine
6,8-Disulfo-2-
naphthylamine
2-Hydroxy-4-sulfo-
1-naphthylamine
Benzidine
3,3’-Dimethyl-
benzidine
3,3’-Dimethoxy-
benzidine

Product (Yield, %,)

a-Phenylazohomophthalimide
a-(0-Tolylazo)homophthalimide
a-(m-Tolylazo)homophthalimide
a-(p-Tolylazo)homophthalimide
a-(o-Chlorophenylazo)homophthalimide
a-(o-Nitrophenylazo)homophthalimide
a-(p-Nitrophenylazo)homophthalimide
a-(o-Carboxyphenylazo)homophthalimide
a-(m-Carboxyphenylazo)homophthalimide
a-(p-Sulfophenylazo)homophthalimide
o-(2,4-Dimethylphenylazo)homophthalimide
a-(4-Methyl-2-nitrophenylazo)homophthalimide
a-(4-Methyl-3-nitrophenylazo)homophthalimide
a-(1-Naphthylazo )homophthalimide
a~(2-Naphthylazo)homophthalimide
o-(4-Sulfo-1-naphthylazo)homophthalimide

a-(6,8-Disulfo-2-naphthylazo )homophthalimide
o-(2-Hydroxy-4-sulfo-1 -naphthylazo Yhomophthalimide

o,o’-(4,4’-Biphenylenedisazo )bis(homophthalimide)

a,a’-(3,3’-Dimethyl-4,4’-biphenylenedisazo)bis-
(homophthalimide)

o,a’-(3,3’-Dimethoxy-4,4’-biphenylenedisazo )bis-
(homophthalimide)

References
470,471,472

472
472
472
472
472
472
472
472
473
472
472
472
472
472
473

473

473

472
472

472

[444

SNOILLOVHY DINVODYHO



N-Phenylhomophthalimide
4-Hydroxycoumarin

1-Methyl-4-hydroxycarbostyril
Glutaconic anhydride

f-Methylglutaconic anhydride

4-Methyl
4-Nitro
4-Sulfo
4-Sulfamyl
3-Nitro

2-Methyl
4-Methyl
2-Methoxy
4-Dimethylamino
2-Carboxy
a-Naphthylamine
p-Naphthylamine

2-Methoxy
4-Methoxy
2-Nitro
4-Dimeth_ylamino

4-Diethylamino

Note: References 177-480 are on pp. 136-142.
* The full name is given when it is awkward to name the arylamine as a derivative of aniline.

a-1’henylazo-N-phenylhomophthalimide

3-Phenylazo-4-hydroxycoumarin (91)

3-(p-Tolylazo)-4-hydroxycoumarin (88)

3-(p-Nitrophenylazo)-4-hydroxycoumarin (75)

3-(p-Sulfophenylazo)-4-hydroxycoumarin (10)

3-(p-Sulfamylphenylazo)-4-hydroxycoumarin (50)

1-Methyl-3-(m-nitrophenylazo)-4-hydroxycarbostyril

y-Ketoglutaconic anhydride phenylhydrazone (87)

y-Ketoglutaconic anhydride o-tolylhydrazone (57)

v-Ketoglutaconic anhydride p-tolylhydrazone (79)

y-Ketoglutaconic anhydride o-anisylhydrazone (56)

y-Ketoglutaconic anhydride p-dimethylaminophenyl-
hydrazone (64)

y-Ketoglutaconic anhydride o-carboxyphenyl-
hydrazone (80)

y-Ketoglutaconic anhydride a-naphthylhydrazone (86)

y-Ketoglutaconic anhydride f-naphthylhydrazone (87)

y-Keto-f-methylglutaconic anhydride phenylhydrazone
(70)

y-Keto-g-methylglutaconic anhydride o-anisylhydrazone
(62)

y-Keto-f-methylglutaconic anhydride p-anisylhydrazone
(40) ‘

y-Keto-f-methylglutaconic anhydride o-nitrophenyl-
hydrazone (64)

y-Keto-f-methylglutaconic anhydride p-dimethylamino-
phenylhydrazone (72)

y-Keto-fi-methylglutaconic anhydride p-diethylamino-
phenylhydrazone (71)

474
475
475
475
475
475
476a
475a
475a
475a
475a
475a

475a
475a
475a
8b
8b
8b
8b
8b

8b
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Heterocyclic Reactant

f-Methylglutaconic anhydride
(Cont.)

B-Chloroglutaconic anhydride
f-Carboxyglutaconic anhydride
(trans-aconitic anhydride)
B-Carbomethoxyglutaconic

anhydride
Malonyl-a-aminopyridine

TABLE X—Continued ' ‘

B. Miscellaneous Heterocyclic Compounds—Continued

Substituent(s)

in Aniline*
4-Sulfo
3-Trifluoromethyl
2,4-Dinitro
«-Naphthylamine

B-Naphthylamine

4-Carboxy
4-Carbomethoxy
4-Carbethoxy

4-Sulfo

Note: References 177—480 are on pp. 136-142.
* The full name is given when it is awkward to name the arylamine as a derivative of aniline.

Product (Yield, %) References

v-Keto-f-methylglutaconic anhydride p-sulfophenyl- 8b
hydrazone (85)

y-Keto-f-methylglutaconic anhydride m-trifluoromethyl- 8b
phenylhydrazone (65)

y-Keto-f-methylglutaconic anhydride 2,4-dinitrophenyl- 8b
hydrazone (69)

y-Keto-f-methylglutaconic anhydride a-naphthyl- 8b
hydrazone (85)

y-Keto-f-methylglutaconic anhydride f-naphthyl- 8b
hydrazone (85)

B-Chloro-y-ketoglutaconic anhydride phenylhydrazone 476b

f-Carboxy-y-ketoglutaconic anhydride phenylhydrazone 476¢
(84)

p-Carbomethoxy-y-ketoglutaconic anhydride phenyl- 476¢
hydrazone (70)

3-Phenylazo-4H-pyrido[1,2-a]pyrimidin-4-one (85) 30006

3-(p-Carboxyphenylazo)-4H-pyrido[1.2-a]pyrimidin-4-one  300b
(96)

3-(p-Carbomethoxyphenylazo)-4H-pyrido[1,2-a]- 3000
pyrimidin-4-one (70)

3-(p-Carbethoxyphenylazo)-4H-pyrido[1,2-a]pyrimidin- 300b

4-one
3-(p-Sulfophenylazo)-4H-pyrido[1,2-a]pyrimidin-4-one (93)

3006

1231
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TABLE XI

COUPLING OF DIAZONIUM SALTS WITH MISCELLANEOUS COMPOUNDS

Reactant

Diazomethane
Acetaldehyde
Ketene diethylacetal

Ethyl g-aminocrotonate
Ethyl f-methylaminocrotonate
Ethyl g-diethylaminocrotonate

Bis(phenylsulfinyl)methane
1-(2-Methylpropenyl)piperidine
1-(1-Butenyl)piperidine

N,N-Diethylstyrylamine

1-(f-Methylstyryl)piperidine

Substituent
in Aniline
4-Nitro
4-Ethoxy .
4-Nitro

4-Chloro
4-Nitro
4-Methoxy
4-Chloro
4-Nitro
4-Methoxy
4-Chloro
4-Nitro
4-Carboxy
4-Nitro
4-Carboxy
2,4-Dinitro

Note: References 177—480 are on pp. 136—142.
* The reaction was run in methanol saturated with lithium chloride.
1 Nineteen per cent of N,N’-di-p-ethoxyphenyl-C-carbethoxyformazan was also formed.

4-Carbethoxy -

Product (Yield, %)

Chloroformaldehyde p-nitrophenylhydrazone* (85)

N,N’-Diphenyl-C-phenylazoformazan (20-30)
1-Phenyl-4-ethoxy-6-pyridazone (35)
1-p-Ethoxyphenyl-4-ethoxy-6-pyridazonet (21)
1-p-Nitrophenyl-4-ethoxy-6-pyridazone (25)

1-p-Carbethoxyphenyl-4-ethoxy-6-pyridazone (33)

Ethyl a-phenylazo-f-aminocrotonate (52)

Ethyl a-phenylazo-g-methylaminocrotonate (51)

1-Phenyl-3-diethylamino-3-methyl-4-phenylazo-5-
ethoxypyrazoline (75)

Bis(phenylsulfinyl)formaldehyde phenylhydrazone

Acetone p-chlorophenylhydrazone

Acetone p-nitrophenylhydrazone
1,2-Butanedione 2-p-anisylhydrazone (53)
1,2-Butanedione 2-p-chlorophenylhydrazone (65)
1,2-Butanedione 2-p-nitrophenylhydrazone (41)
Phenylglyoxal f-p-anisylhydrazone (76)
Phenylglyoxal f-p-chlorophenylhydrazone (90)
Phenylglyoxal f-p-nitrophenylhydrazone (94)
Phenylglyoxal f-p-carboxyphenylhydrazone (89)
Acetophenone p-nitrophenylhydrazone (87)
Acetophenone p-carboxyphenylhydrazone (95)
Acetophenone 2,4-dinitrophenylhydrazone (97)

References

476d
153, 27
477
4717
477
477
478
478
479

180
130a
130a
130a
130a
130a
. 130a
130a
130a
130a
130a
130a
130a
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INTRODUCTION

In an attempt to prepare the azo ester I by coupling benzenediazonium
chloride with ethyl 2-methylacetoacetate, Japp and Klingemann' obtained
a product which was soon recognized!~* as the phenylhydrazone of ethyl
pyruvate (IT). It thus appeared that the acetyl group had been dis-

C0,C,H,

H,0
CH,COCHCO,C,H; + C,H,N,*Cl- > | CH,COC—N=NGC,H, | —

CH, CH,
I

00,C,H,

CH,C0,H + CH,C—N—NHG,H,
II

‘placed; actually the coupling product I was unstable under the conditions
of its formation, undergoing hydrolytic scission of the acetyl group and
rearrangement of the azo structure. A year later the same authors
discovered that, if the substituted acetoacetic ester was saponified and
the coupling carried out on the sodium salt, the carboxylate function,
rather than the acetyl group, was lost and the product isolated was the
phenylhydrazone of biacetyl.45

CO,~

CGH5N2+
CH,COCHCO,- —— 5

CH, CH,

' H,0
OH,C0C—N=—NC,H; | ——»

CH,COC=NNHCH, + HCO,~

CH,

In later years the reaction has been extended to other systems con-
taining activated methinyl groups. The process can be generalized as
shown in the following equation, in which x and y are electron-withdrawing
groups.

1 Japp and Klingemann, Ber., 20, 2942 (1887).

* Japp and Klingemann, Ber., 20, 3284 (1887).

3 Japp and Klingemann, Ber., 20, 3398 (1887).

¢ Japp and Klingemann, Ber., 21, 549 (1888).

5 Japp and Klingemann, Ann., 247, 190 (1888); J. Chem. Soc., 53, 519 (1888).



THE JAPP-KLINGEMANN REACTION ) 145
b4 H X N=N—Ar
o]

\ / ’ H,0
+ ArN,t — C —_—
VRN 7\
y R y R
yOH 4 x—C=N—NHAr

R

MECHANISM

As is apparent from the above equations the Japp-Klingemann reaction
is a special case of the coupling of diazonium salts with aliphatic com-
pounds (see Chapter 1), distinguished by the fact that the coupling
product ordinarily undergoes solvolysis as rapidly, or almost as rapidly,
as it is formed. It resembles very closely the nitrosation and cleavage
of active methinyl compounds discussed in an earlier volume of this
gseries.® The first step undoubtedly occurs by the same mechanism as
the similar coupling with an active methylene compound (for a discussion
see p. 6), and is probably best represented as a direct union of the anion
of the active methinyl compound and the diazonium cation, which are
shown in the accompanying equation as the forms carrying full unit
charges on the atoms that unite in the process.

X X

CeH,N=N® + ©:C—y - CH,N—=N—C—y

R R

Much of the early econcern?*? about the mechanism of such couplings
dealt with the question of the participation of the enolic forms of the
active methinyl compounds and with the status of O-azo compounds as
possible intermediates (p. 4). Although the mechanism just shown is
probably an accurate representation of the coupling of mono-fS-keto
esters, there can be little doubt but that O-azo compounds are sometimes
first formed from di-8-keto esters and triketones. Thus tribenzoyl-
methane yields a coupling product that generates an azo dye upon
treatment with S-naphthol and undoubtedly is the derivative of the enol.1?

¢ Touster, in Adams, Organic Reactions, Vol. 7, Chapter 6, John Wiley & Sons, 1953.
7 Dimroth and Hartmann, Ber., 41, 4012 (1908).

8 Dimroth, Ber., 40, 2404 (1907).

? Dimroth and Hartmann, Ber., 40, 4460 (1907).

1% Dimroth, Leichtlin, and Friedemann, Ber., 50, 1534 (1917).
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When it is heated to its melting point it changes to an isomer that does
not have this property and must be the C-azo compound.

C,H, COG,H,
Heat -
(C4H,C0);0—=C—0—N=N—C,H; ——> (C;I,C0);—C—N=N—C,H,

The cleavage step is closely similar to the scission of triacylmethanes
‘and of nitroso derivatives of monosubstituted active methylene com-
pounds.” The cleavage is favored by increasing alkalinity of the solution;
for example the azo compound III can be obtained from the diazonium
salt prepared from 2,4-dinitroaniline and ethyl cyclopentanone-2-
carboxylate by coupling in acetic acid solution, but it is rapidly cleaved
by aqueous base, yielding IV.!l In analogy with the base-catalyzed

0 ‘
I COCLH, NNHGH,(NO,),
N\ N—NC,H,(NO,), — HO,COH,CH,CH,CC0,C,H,
1338 v

cleavage of nitroso esters® the second step of the Japp-Klingemann
reaction can be represented as shown. In the decomposition of the

0 CO0,C,H, 0- CO0,C,H,
. oH- |
R—C—C—R ——>R—C—C—R —
| |
N HO N
[
NCH, NC,H,

00,0, 1, 00,C,H;

RCO,H + | ©C—R <«—> C—R

I
N N

I T
‘ NC,H, ONC,H,
J

CO,C,H,

C—R

[

N

NHC,H,

11 Linstead and Wang, J. Chem. Soc., 1987, 807.
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product obtained by coupling with a salt of a keto acid, the resonating
anion which gives rise to the phenylhydrazone probably results from the
loss of carbon dioxide from the carboxylate anion.

Support for the above interpretation of the Japp-Klingemann process
can be found in the isolation of many intermediate azo compounds,”11-14
although not all attempts to obtain these intermediates have been suc-
cessful.’2  That the coupling with salts of B-keto acids and malonic acids
does not proceed by a direct displacement of the carboxyl group is
indicated by the observation that malonate salts of the type V react
much more slowly than their decarboxylation products VI.1> Thus it
appears likely that the malonate salt V undergoes decarboxylation before
it reacts with the diazonium salt.

\ CO2Na \ \ R .
DR - ]
N7 —CR NP —CHR N7 — C=NNHAr
I l :

CO,Na, CO,Na
A VI

Azo derivatives of cyclohexanone-2-carboxanilide are relatively stable
and can be isolated from coupling reactions of the anilide.!! However,

=0 ArN,X =0
CONHC,H, i ~N=NAr
~CONHC,H,

some of the monoarylhydrazone of cyclohexanedione was formed along
with the azoanilide, presumably as a result of hydrolysis followed by
decarboxylation.

The phenylpyrazolone obtained from ethyl cyclohexanone-2-carboxylate
couples with diazotized p-nitroaniline to give the unusually interesting
azo derivative VII. Although quite unstable, VII does not undergo the

N 2NN\ CoH,N(CH),
NCH; — NCeH; ——>
~Co” c0o”
- N=NC,H,NO,

VII

AN
NC,H, + p-0,NC,H,N—N N(CH,),
~c0”

12 Favrel, Bull. soc. chim. France, [4], 47, 1290 (1930).

13 Favrel, Compt. rend., 189, 335 (1927).

14 Kalb, Schweitzer, Zellner, and Berthold, Ber., 59, 1860 (1926).
15 Frank and Phillips, J. Am. Chem. Soc., 71, 2804 (1949).
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Japp-Klingemann transformation, but instead loses the azo function in
a reversal of the coupling reaction. Thus it reacts as shown with
dimethylaniline; similarly, it reacts with ethanol to regenerate the
original pyrazolone and to form nitrobenzene, acetaldehyde, and nitrogen.*

//\ Most of the compounds that have been subjected to the Japp-

Klingemann reaction can be classified as substituted §-diketones, g-keto
esters (acyclic or cyclic), cyanoacetic esters, or salts of the corresponding
acids. The cleavage of the coupling products apparently represents a
special case of the cleavage of diketones, B-keto esters, and similar
compounds. Nearly all of the recorded examples of the reaction concern
derivatives of §-keto esters; as indicated above, in the scission of these
substances an aliphatic acyl group is much more labile than a carbalkoxyl
group, but, if the carbalkoxyl group is first saponified, then the carboxylate
ion is eliminated in preference to the acyl group.

Although no direct comparison of a formyl group and an acetyl group
in a Japp-Klingemann cleavage appears to have been made, the formyl
group would be expected to be the more labile. Ethyl formylpropionatel®
undergoes the reaction with the fission of the formyl group, as expected,
and certain formyl derivatives of cyclanones, such as 2-formylcyclo-
hexanone,'” undergo the reaction with loss of the formyl group under
conditions which bring about ring opening (the alternative scission) with
the corresponding acetyl derivatives.

CHO  ¢,H,N,* —NNHCH;
—_—
=0 —0
COCH, C,H,N,* NNHCH,
., ||
= CH,COCCH,CH,CH,CH,CO,H

Little is known about the cleavage of aromatic acyl groups, but they
appear to be much more firmly bound than their aliphatic analogs.
a,a-Dibenzoylacetone undergoes the reaction with loss of the acetyl
group.l® Ethyl dibenzoylacetate® reacts with diazotized aniline in a

- ) N—NHAr
) : ArN,*
(CsH,C0),CHCOCH, —— > C,H,COCCOC,H,

buffered solution (sodium acetate) to give the oxygen-azo compound IX
under conditions which cause the cleavage of the coupling product VIII

16 Michael, Ber., 38, 2096 (1905).
17 Coffey, Rec. trav. chim., 42, 528 (1923); Sen and Ghosh, J. Indian Chem. Soc., 4, 477

(1927).
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COCH, . NNHC¢H,
CHN*
C,H,COCHCO,C,H, — ", (,H,C0CC0,C,H,
VIII
' . COC,H
CeH,N 6775
(CGH5CO)ZCH00202H5/%°—5\’?\> CsH50=C<
CO,C,H,
ON=—NC,H,
IX

from ethyl benzoylacetoacetate.!® Warm dilute alkali brings about the
cleavage of IX, and, since benzoic acid is eliminated, it is probable that
rearrangement and scission precede hydrolysis; the product isolated is the
acid corresponding to the salt shown.®

/COC,,H5 NaOH NaOH '
C,H,0=C —— > (C,H,C0),C00,C,H, ——> C,H,C0,Na +
| Nco.o.m. B0 H,0
2%2+45
ON=NC,H, N=NGC,H,
X
NNHC,H, : NNHC,H,
NaOH

[
C4H;000C0,0,H; ——> C;H,C0CCO,Na
)

Nevertheless, there are examples of the facile cleavage of a benzoyl
group. For example, von Auwers and Pohl!® used the Japp-Klingemann
reaction to prepare a derivative of 2-benzoyl-6-methylcoumaran-3-one.
It is especially interesting that the cleavage of the benzoy! group occurred
in preference to ring opening.

H,C ~ON Nt HoC ~ON
CHOOC,H, ——% C—NNHC,H,
0 0

The benzoyl group is eliminated in preference to a cyano group. Thus
~ ethyl benzoylcyanoacetate leads to a derivative of mesoxalic acid.20.2!

-

NNHC,H,

CoH N, + |
CH,COCHCO,C,H, ——"* » N=C—CC0,C,H,

CN

13 Bulow and Hailer, Ber., 35, 915 (1902).

1% von Auwers and Pohl, Ann., 405, 243 (1914).

20 Favrel, Bull. soc. chim. France, [3], 27, 200 (1902).
31 Favrel, Compt. rend., 131, 190 (1900).
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Biilow and Hailer applied the Japp-Klingemann reaction to the ethyl
esters of several diacylacetic acids.’® From ethyl propionylacetoacetate
they isolated the phenylhydrazone corresponding to cleavage of the pro-
pionyl group. The product from ethyl benzoylacetoacetate contained the
benzoyl group (loss of acetyl) and that from ethyl phenacetylacetoacetate
contained the phenacetyl group (loss of acetyl). It was concluded that
in such cleavages the acyl group corresponding to the weaker acid is
liberated the more readily (the corrected acidity constants,?? 10° K, of
the acids concerned are: propionic acid, 1.33; acetic acid, 1.75; phenyl-
acetic acid, 4.88; benzoic acid, 6.27). In a study of the cleavage of
unsymmetrical 1,3-diketones of the type RCOCH,COR’, Hauser, Swamer,
and Ringler?® found a correlation of the relative yields of the acids
RCO,H and R'CO,H with the rates of saponification of the ethyl esters
of these acids, although the relationship did not hold well with purely
aliphatic compounds. On this basis the acetyl group would be expected,
contrary to observation, to undergo cleavage in either ethyl benzoyl-
acetoacetate or ethyl propionylacetoacetate (the rate constants, 10%k,
for the alkaline hydrolysis of the ethyl esters of the acids are:®
C¢H,CO,C,H;, 5.50; CH,CH,CO,C,H;, 35.5; CH,CO,C,H;, 69.5).

In the cleavage of substituted cyanoacetic esters during the second
stage of the Japp-Klingemann reaction, saponification and decarboxyla-
tion invariably occur leading to the phenylhydrazones of a-ketonitriles.
Apparently no instance of the scission of the nitrile group has been
recorded.

ex ON lﬂI—NHAr
RCH — R—C—N—=N—Ar - R—C—CN
AN | :
C0,C,H, b0,0,8,

Perhaps one reason why more precise information is lacking on the
direction of cleavage of azodiketones in the Japp-Klingemann reaction is
that the arylhydrazones produced in the process usually are capable of
existing in geometrically isomeric forms (e.g., X and XI). Both isomers

often are produced, and it may be economical to subject the crude = °

NNHC,H, C,H,NHN
RCOCO,C,H, RCCO,C,H;
X XI

22 Ingold, Structure and Mechanism in Organic Chemistry, p. 734, Cornell University
Press, Ithaca, N. Y., 1953.

2 Hauser, Swamer, and Ringler, J. Am. Chem. Soc., 70, 4023 (1948).

24 Hammett, Physical Organic Chemistry, p. 121, McGraw-Hill Book Co., New York, 1940.

e
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material to the next ?Wloﬁffn a sequence, with purification at a later
stage, rather than to jsolate the pure arylhydrazone. As a result, yields
of the arylhydrazones often are not reported.

SCOPE AND APPLICATION

The first requirement for the occurrence of the Japp-Klingemann
reaction is the presence of a hydrogen atom of sufficient activity to permit
the coupling with the diazonium salt. Although normally two or three
electron-withdrawing groups, such as carbonyl, carbethoxyl, cyano, etc.,
are present in the molecule, only one such group is required if other
labilizing influences are operative upon the hydrogen atom concerned.
For example, 9-ethoxalylfluorene reacts in the typical fashion.?® A

‘ ‘ CGH&NZ ‘ O

COCOZCZH5 NNHC H,

particularly interesting reaction is that of 9-nitrofluorene;? in the
coupling with diazotized aniline the displaced nitro group appears in the
para position of the phenylhydrazine residue of the product.

Oﬁ CsHsNz “

0, NNHCGH4N02-p

A methinyl group in the a-position of a pyridine compound also is

reactive enough to participate in the Japp-Klingemann process if one
additional activating group is present. For example, 2-n-butyrylpyridine
has been prepared in good yield from 2-(2’-pyridyl)pentanoic acid by the
process shown.!> A somewhat similar reaction is that of l-ethoxalyl-
1,2,3,4-tetrahydroacridine and the analogous cyclopenteno derivative.??

p-H02005H4N3+ l \ IITNHCGHACOZH_Z) H,0
_—
| 7 ((3110}1201120}13 N7~ —CCH,CH,CH,

AN
| N7 COCH,CH,CH,

CO,H

35 Kuhn and Levy, Ber., 61, 2240 (1928).
26 Ponzio, Gazz. chim. ital., 42, [11], 55 (1912).
27 Borsche and Manteuffel, Ann., 534, 56 (1938).
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X o X
CgHsNo* R |
N/ N/
Il
COCO2C2H5 NNHCgH,
N p-BrCgH,No* ~
_—
N/ N/
|
COCOngH5 . NNHCsH4Bt-p

In contrast with 9-nitrofluorene, a-nitropropionic acid retains the nitro
group in the reaction. Decarboxylation takes place to yield the phenyl-
hydrazone, CH,C(NO,)—=NNHCH;, identical with the product obtained
from nitroethane and benzenediazonium chloride.?®

Esters of a great variety of monosubstituted acetoacetic acids have
been subjected to the reaction. Chlorine and bromine atoms may serve
as the third substituent on the methinyl carbon. These halogen atoms
are not removed during the reaction but appear in the products, which
are phenylhydrazones of unusual structure, as shown in the equation.2?30

: CeH N+
CH,COCHCO,C,H, ———> C,H,NHN==CCO,C,H,

l |

Cl Cl

One exception to the statement that halogen is not removed is the
coupling of 3-bromotriacetic lactone (XII), which furnishes the same
arylhydrazone XIII as that obtained from triacetic lactone itself.30%
Methylene bis(triacetic lactone) (XIV) on coupling also yields the aryl-
hydrazone XIII. :

0O K
OH [ , OH
\Br =NNHAr x—|CH,
. HC| —0 HCl —0 - HCI =0
AN N , N0 V],
XI1I X111 . XIV

Alkyl-substituted acetoacetic esters are more commonly encountered.
The products from such esters are readily reduced and hydrolyzed, and

28 Steinkopf and Supan, Ber., 43, 3239 (1910).

2 Favrel, Compt. rend., 134, 1312 (1902).

30 Favrel, Bull. soc. chim. France, [3], 31, 150 (1904).

306 Wiley and Jarboe, J. Am. Chem. Soc., 78, 624 (1956).
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this method of synthesis of a-amino acids has been employed extensively.
Examples are the syntheses of alanine®3-% and methionine.%

CeH N+ 4H,
CH,COCHCO,C,H, ———» CH,CCO,C,H, ~—> CH,CHCO,H
I en H, |
CH, © NNHC,H, NH,
A 4H,
CH;SCH;CH,CHCO,CyH; — CHySCH,0H,0C0,0;H; ———>
en H,
COCH, ' NNHC,H,
CH,SCH,CH,CHCO,H

NH,

The phenylhydrazones from the Japp-Klingemann reaction on simply
substituted acetoacetic esters also have been used extensively in the
synthesis of indoles. The Fischer cyclization converts them to esters of
substituted indole-2-carboxylic acids. The preparation of ethyl 3-
phenylindole-2-carboxylate is illustrative.3¢ . :

CH,;COCHCO,C.H; — CgH,CH,CCOC,H; 1, ' C,H,
I [ —
CH,CeHj, NNHCH; N~ CO,C.H;
~ H

Substituents in the benzene ring of the indole may be introduced
through the use of a substituted benzenediazonium salt in the coupling.
Diazonium salts from 2- and 4-substituted anilines can give only one
product in a simple Fischer eyclization, but two different indoles may be
obtained from a m-substituted aniline,?” and consequently these have been
employed infrequently. Examples of the products obtained from 2- and
4.-substituted anilines are shown.38,39

31 Feofilaktov, Compt. rend. acad. sci. U.R.S.S., 24, 755 (1939) [C. A., 34, 1971 (1940)].
- 32 Feofilaktov and others, Bull. acad. sci. U.R.S.8. Classe sci. chim., 1940, 259 [C. A., 35,
3606 (1941)].

33 Bamberger, Ber., 25, 3547 (1892).

3¢ Feofilaktov and Zaitseva, J. Gen. Chem. U.S.S.R., 10, 258 (1940) [C. 4., 34, 7283
(1940)].

35 Feofilaktov and Ivanova, J. Gen. Chem. U.S.S.R., 21, 1684 (1951) [C. 4., 46, 3955
(1952)].

3¢ Manske, Perkin, and Robinson, J. Chem. Soc., 1927, 1.

37 Koelsch, J. Org. Chem., 8, 205 (1943).

38 Hughes, Lions, and Ritchie, J. Proc. Roy. Soc. N. S. Wales, 72, 209 (1938) [C. 4., 33,
6837 (1939)].

3 Hughes and others, J. Proc. Roy. Soc. N.S. Wales, 71, 475 (1937) [C. A., 33, 587 (1939)].
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CH,CH,
-0,NC.H,N,t
CH,COCHCO,C,H, ——t2 O OO,
/ 2Y2++5
\NHN:
CH,CH, NO,
|CH3
N~ CO:C.H;
NO, g
, ) CH,CH,
p-CH,0CH,N,+ CH,0 | -
CH,COCHCO,C,H, —— >~ = **, __000,0,H,
| "\NHN”
CH,CH,
CH,07~ | |OH3
Sy A COCaH,
H

If the substituent in the acetoacetic ester has a carbonyl group attached
to the first carbon atom, the phenylhydrazone from the Japp-Klingemann
reaction will readily cyclize to a pyrazole. Acetonyl*® and phenacyl4!

o)
CH,COCH,CHCO,C,H, — CH,C NHC,H, - H,00———NC,H,
‘ | l [ I
COCH, CH, N CH N
ANV 4 ‘ N/
C C
CO,C,H, C0,C,H,

groups, which may bear additional substituents, have been employed in
this way. :

Acyl derivatives of acetoacetic ester also may be employed. The
products are monophenylhydrazones of «,f8-diketo esters. Thus ethyl
-benzoylacetoacetate reacts as shown.18

0 NNHC.H,
CoH,N,* I
CH,COCHCO,C,H, ——*» C,H,C—CC0,C,H,
COCH,

40 Bischler, Ber., 26, 1881 (1893).
41 Bischler, Ber., 25, 3143 (1892).
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Probably because they have been less readily available than acetoacetic
esters, 1,3-diketones have not been extensively employed in the Japp-
Klingemann reaction. Among those which have been examined are
a-chloro-,42 «.methyl-4® and «-ethyl-acetylacetone.4® The products are
monophenylhydrazones of 1,2-diketones, as illustrated for the methyl
derivative. The same products are available from the substituted §-keto

NNHC,H,

CoH, N, +
CH,COCHCOCH, ———» CH,COCCH,

CH,

esters, provided the ester group is saponified before the coupling is
performed (p. 144). Such monophenylhydrazones have been prepared
from several substituted acetoacetic esters.

When the Japp-Klingemann reaction is applied to a cyclic 8-keto ester,
the ring is opened in the second stage of the process. The reaction of
ethyl cyclohexanone-2-carboxylate is illustrative.ll:# Cyclopentanone

(”’ NNHG,H,

CeH N, + "
000202}15 —%*, H0,C0H,CH,CH,CH,CCO,H

derivatives undergo similar ring opening. The products from both series
have been employed in the synthesis of amino acids and indoles. The
ring opened may be that of a lactone, as in acetobutyrolactone, which
yields the phenylhydrazone of ketobutyrolactone.?®* This product also

CH,—CHCOCH, CH,—C=NNHC,H,

| ] ||

CH, CO - CH, CO

ANV N/ ’
0 0

has found use in the synthesis of amino acids.46.4” Alternatively the ring
opened may be that of a lactam, as in the elegant synthesis of tryptamine

12 Dieckmann and Platz, Ber., 38, 2986 (1905).

43 Favrel, Bull. soc. chim. France, [3], 27, 336 (1902); Compt. rend., 132, 41 (1901).

44 Feofilaktov and Ivanov, J, Gen. Chem. U.S.S.R., 18, 457 (1943) [C. A., 38, 3255 (1944)].
- 4 Harradence and Lions, J. Proc. Roy. Soc. N. S. Wales, 72, 221 (1938) [C. A., 33, 6838
(1939)].

46 Feofilaktov and Onishchenko, J. Gen. Chem. U.S.S.R., 9, 314(1939)[C. 4., 34, 378 (1940)].

47 Snyder, Andreen, Cannon, and Peters, J. Am. Chem. Soc., 64, 2082 (1942).
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and serotonin (5-hydroxytryptamine) based on the coupling with a salt
of a-carboxy-a-valerolactone and a Fischer cyclization of the products.47

As in the reactions of acyclic f-keto esters, the reaction takes the
decarboxylation course if the ester is saponified before the coupling.
Thus a monophenylhydrazone of cyclohexane-1,2-dione is obtained from
ethyl cyclohexanone-2-carboxylate.!l

=0  CHN,* =0
CO,H —NNHC,H,

Such compounds may serve as sources of derivatives of w-aldehydo
acids. When the o-nitrophenylhydrazone obtained from cyclopentanone-
2-carboxylic acid was allowed to stand in aqueous alcoholic potassium
hydroxide for five days it was converted to the o-nitrophenylhydrazone of
d-formylbutyric acid in about 359, yield.1!

=NNHC,H,NO,-0
o — HO0,CCH,CH,CH,CH—=NNHC,H,NO,-0

Monosubstituted cyanoacetic esters couple readily. When the products
are hydrolyzed, decarboxylation ensues leading to hydrazones of
a-keto nitriles. Substituted malonic esters yield phenylhydrazones of
a-keto acids, identical to those which can be obtained from similarly
substituted acetoacetic esters.

The diazonium salts used in the reaction include those derived from
aniline and its simple substitution products, polysubstituted anilines,
benzidine and substituted benzidines, and even antipyrine. The
diazonium salt related to the last substance has been coupled with
3-methylpentane-2,4-dione? to give the hydrazone shown in the equation.

H,C,N—CO
CN,*Cl- + CH,COCHCOCH, + H,0 —
/7
H,ON—C CH,
| -~
CH, 7
H,C,N—CO
CNHN=CCOCH, + HCl + CH,CO,H
/ l
H,CN—C . CH,
|
CH,

47¢ Abramovitch and Shapiro, Chemistry & Industry, 1955, 1255.
48 Morgan and Reilly, J. Chem. Soc., 103, 808 (1913).
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It might be expected that diazonium salts in which electron-with-
drawing groups are located in ortho or para positions, so that they
accentuate the positive character of the diazonium cation, would be most
active in the coupling. In couplings with 2-pyridylacetic acid, diazotized
p-aminobenzoic acid gave the best results, and diazotized p-nitroaniline
and sulfanilic acid were superior, both with regard to the yield and the
purity of the products, to diazotized aniline.®> Although few experiments
have been carried out with a single active methinyl compound and a
variety of diazonium salts in the Japp-Klingemann reaction under
identical conditions, the yields from substituted anilines appear to run
higher than those from aniline. It is possible that substituents such as
the nitro and carboxyl groups may give rise to higher melting and less
soluble products, leading to easier isolation as well as to more complete
reaction. : .

If the arylamino portion of a Japp-Klingemann product is to be re-
moved, as in a reduction to an a-amino acid (pp. 152-153), the diazonium
salt should be selected not only on the basis of the probable yield in the
coupling but also with consideration of the character of the second
product in the further reaction. For example, if a diazotized amino-
benzoic acid were used in a coupling carried out as part of a sequence to
an «-amino acid, the difficulty of separating this product from the
regenerated aminobenzoic acid might outweigh any advantage gained in
the coupling.

In the preparation of arylhydrazones to be employed in the synthesis
of indoles and pyrazoles the choice of the diazonium salt is dictated by
the substituents desired in the final product.

EXPERIMENTAL CONDITIONS

Most of the reactions have been run in aqueous medium at about 0°.
Occasionally ethanol has been added to increase the solubility.4® In the
coupling of l-ethoxalyl-1,2,34-tetrahydroacridine (p. 151) the medium
was pyridine diluted with the water in which the diazonium salt was
prepared.?” The aqueous solutions usually are buffered with sodium
acetate in reactions in which an acyl group is to be cleaved.2%:5% Stronger
bases have been used, however. In the conversion of ethyl cyclopen-
tanone-2-carboxylate to the phenylhydrazone of ethyl hydrogen o-keto-
adipate, Manske and Robinson’! employed potassium hydroxide; for the
preparation of the similar product from diazotized m-aminobenzoic acid,

4 Lions and Spruson, J. Proc. Roy. Soc. N.S. Wales, 66, 171 (1932)[C. 4., 27, 291 (1933)].
50 Favrel and Chrz, Bull. soc. chim. France, (4], 37, 1238 (1925).
51 Manske and Robinson, J. Chem. Soc., 1927, 240.
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Koelsch3” preferred to carry out the coupling in acid solution and to
convert the azo compound so obtained to the substituted hydrazone by
a two-minute treatment with boiling 7%, aqueous sodium carbonate.
Other couplings also have been found to occur under either acid or basic
conditions,8:43,52 and even sodium ethoxide has been used as the base.33

If the cleavage of the acyl group from a f-keto ester is desired, the
basic solution of the ester should be treated with the diazonium salt
immediately.?* If such basic solutions are allowed to stand at 0° for
periods up to twenty-four hours before the treatment with the diazonium
salt, the ester group is removed and the product obtained is a derivative
of a 1,2-diketone.1,55,58

The time required for the Japp-Klingemann process varies, with the
activity of the methinyl group, from a few seconds to as much as four
days.l’®> When aqueous solutions are employed the products often
separate, and the mixture can be stirred until no further change occurs.
The azo compounds, sometimes encountered as intermediates (p. 147), are
much more deeply colored (usually red) than the arylhydrazones. Ac-
cordingly, a color change sometimes furnishes a useful guide to the course
of the reaction.

Most of the reactions have been run with equivalent amounts of the
methinyl component and the diazonium salt. The use of excess diazon-
ium salt may result in the loss of some of the product by conversion to
the formazyl, as shown in the equation.33:5 This appears to be the only

CH,COC=NNHCH, + CsH,N,+Cl- —

CH,
CeH,N==NC=NNHC,H; + CH,C0,H + HCI

CH,

serious side reaction in the Japp-Klingemann process, aside from the
alternative cleavage of keto esters (above). Another disadvantage to the
use of an excess of the diazonium salt is the formation of colored materials
and tars as a result of its decomposition when the reaction mixture is
allowed to warm. ‘

The products from the Japp-Klingemann reaction usually have been

52 Findlay and Dougherty, J. Org. Chem., 13, 560 (1948).

58 Feofilaktov, J. Gen. Chem. U.S.S.R., 17, 993 (1947) [C. A., 42, 4537 (1948)].
54 Jackson and Manske, J. Am. Chem. Soc., 52, 5029 (1930).

5% Manske, Can. J. Research, 4, 591 (1931).

s Lions, J. Proc. Roy. Soc. N. 8. Wales, 66, 516 (1932) [C. A., 27, 2954 (1933)].
57 Walker, J. Chem. Soc., 128, 2775 (1923).
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recrystallized from ethanol or benzene; 809, acetic acid has been
employed in some instances.8

EXPERIMENTAL PROCEDURES

Ethyl Pyruvate o-Nitrophenylhydrazone.® To an ice-cold solution
of 20.5 g. (0.14 mole) of ethyl 2-methylacetoacetate in 150 ml. of ethanol
is added 51 ml. of 50%, aqueous potassium hydroxide. This mixture is
then diluted with 300 ml. of ice water; and the cold diazonium salt
solution, prepared from 20.0 g. (0.14 mole) of o-nitroaniline, 60 ml. of con-
centrated hydrochloric acid, 90 ml. of water, and 10.5 g. of sodium nitrite,
is rapidly run in with stirring. Stirring is continued for five minutes, at
the end of which time the separated ethyl pyruvate o-nitrophenylhydra-
zone is collected by filtration. It melts at 106°, after recrystallization
from ethanol. The yield is 30.0 g. (839%).

1,2-Cyclohexanedione Monophenylhydrazone.?*® To an ice-cold
solution of 36.0 g. (0.21 mole) of ethyl cyclohexanone-2-carboxylate in
40 ml. of ethanol is added an ice-cold solution of 12.0 g. of potassium
hydroxide in 60 ml. of water. The reaction mixture is held at 0° for
twenty-four hours and then diluted with 1 1. of ice water. A benzene-
diazonium chloride solution is prepared from 18.6 g. (0.2 mole) of aniline,
50 ml. of concentrated hydrochloric acid in 100 ml. of water, and 13.8 g.
of sodium nitrite. The cold diazonium solution is then added to the first
solution with vigorous stirring and continued cooling in ice, followed
immediately by the addition of 30.0 g. of sodium acetate. Carbon
dioxide is seen to evolve, and the reaction is allowed to continue at 0°
until the gas evolution ceases. The solid product which separates is
1,2-cyclohexanedione monophenylhydrazone. It is collected by filtration
and recrystallized from ethanol. It melts at 185-186°. The yield is
almost quantitative.

TABULAR SURVEY OF THE JAPP-KLINGEMANN
REACTION

The following list of Japp-Klingemann reactions includes many
examples in which the products were further modified, so that yields are
not available. The list is based on a literature survey to January 1,
1956, but because of the difficulties of locating scattered instances of the
reaction in the literature, especially when the products are chiefly of
interest as intermediates in further reactions, it probably does not include

%8 Feofilaktov and Vinogradova, Compt. rend. acad. sci. U.R.S.S., 24, 759 (1939) [C. 4.,
34, 1971 (1940)].
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all recorded applications of the Japp-Klingemann reaction. For con-
venience the reactions in which an acyl group is cleaved are listed separ-
ately (section A) from those accompanied by decarboxylation (section B).
Accordingly, some compounds will be found in both sections. Section A
is subdivided as follows:

I. Derivatives of nitropropionie, formylpropionic, and haloaceto-
acetic acids.
II. Monosubstituted acetoacetic esters.
IIT. Acylacetoacetic esters. e
IV. Acylcyanoacetic esters.
V. Cyclic compounds. ..
VI. 1,3-Dicarbonyl compounds.
VII. Miscellaneous compounds.

Section B is subdivided as follows:

VIII.- Acetoacetic acid derivatives.
IX. Cyanoacetic acid derivatives.
X. Malonic acid derivatives.
XI. Miscellaneous reactions.
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A. Reactions in Which an Acyl Group Is Cleaved

TABLE 1

DERIVATIVES OF FORMYLPROPIONIC AND HALOACETOACETIC ACIDS

Substance
CH,CHCO,C H,

CHO
CH,COCHCO,CH,

Cl

CH,COCHCO,C,H; -

Cl

CH,COCHCONHC,H,

Cl

CH,COCHCO,C,,H,, 1

Br

Note: References 59-118 are on pp. 177-178.

Substituent in

O
Yield,

[Other Diazonium Ion]

2-CH,
4-CH,

*

2-CH,

4-CH,*

4-Br*

[Certain benzidine
derivatives]

4-CH,

3-CH,, 4-CH,

3-CH,, 5-CH,

[2-CyoH,N, ]

[-CyoH,N,*]

4-Br

4-CH,

%

(The group lost in the cleavage is italic.)

References
16

30
59
30
30
29, 30
59
29, 30
29, 30
60

30
61
61
61
61
61
62
62
62

Conversion
Product

* These reagents have also been coupled with ethyl a-bromoacetoacetate,

ref. 60.

t The (—)-menthyl ester.
1 Certain reactions of the ethyl ester are entered under ethyl «-chloro-

acetoacetate.
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TABLE II

MONOSUBSTITUTED ACETOACETIC ESTERS IN THE REACTION:

R

H,0

CH,COCHCO,C,H, + ArN,+X- — [CH,COCCO,C,H,] ——>

R

Substituent R in
CH,COCHCO,C,H,

R
CH,

C.H;

-

CH,SCH,CH,
(C,H;),NCH,CH,
n-C;H,

i-C,H,

Substituent in

Yield,

[Other Diazonium Ion]

2-CH,
4-CH,
2-NO,
3-NO,

4-NO,

4-Br

4-OCH,

2-0C,H;
4-0C,H;
4-CO,C,H,
3-0OCH,, 4-OCH,
[a-CyoH, N, ]
[£-CyoH, Ny ]

2-NO,

3-NO,

4-Br

4-0OCH,

4-0C,H;
4-CO,C,H,
3-OCH,, 4-OCH,
[a-CyoH Ny *]
[-C1oH,N,*]

4-CH,
2-NO,

N=NAr

%o
38

83

84

Note: References 59-118 are on pp. 177-178.

References
5, 31-34
1,5
1,5
38
12
63
63
39
39
39
39
39
49
39
39
1,5
38
12
39
39
39
39
49
39
39
35, 117
64
65
65
38
66

NNHAr

CH,CO,H + RCCO,C;H;

Conversion
Product

Amino acid

Indole

Indole
Indole
Indole
Indole
Indole
Indole
Indole
Indole
Indole

Indole
Indole
Indole
Indole
Indole
Indole
Amino acid
Indole
Amino acid
Amino acid
Indole
Amino acid
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MONOSUBSTITUTED ACETOACETIC ESTERS IN THE REACTION:

H,0
CH,COCHCO,C,H; + ArN,*X- — [CH;COCCO,C,H;] —>

R

Substituent R in

CH,COCHCO,C,H;

R
CH,COCH,

C,H,0,CCH,CH,

NCCH,CH,

0,H,0,0CH,CH,

C,H,0CH,CH,CH,

C,H,0,CCHCH,CH,

NHCO,C,H,

Substituent in

Yield,

[Other Diazonium Ion]

4-NO,*
2-CH,
3-CH,

2-C1

3-Cl1

4-Cl1
2-CO,H
4-SO,H
4-NO,
(a-CyoH;Ny)
(B-CyoH,N,)
4-NO,

2-C1

3-Cl

4-Cl

2-CH,
2-OCH,
3-OCH,
4-OCH,

R

N=NAr

NNHAr

CH,C0,H + RCCO,C,H;

%

74
88
34
60
72
81
90
95
87
47
33

Good

Note: References 59—118 are on pp. 177-178.
* The azo compound was isolated; upon standing or upon treatment with
aqueous alkali, followed by acidification, it underwent loss of- the acetyl
group and cyclization to the pyrazole.

References

40

67
113
113
113
113
113
113
113
113
113
113
113

112, 113

113

68, 69

52
52
52
111
52
52
52
70
71

Conversion
Product

Pyrazole
Pyrazole

Indole

Indole

Amino acid
Indole
Indole
Indole
Indole
Indole
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TABLE I1—Continued

MONOSUBSTITUTED ACETOACETIC ESTERS IN THE REACTION:

) : R

H,0
CH,COCHCO,C,H; + ArN,+X- — [CH,COCCO,C,H,] ——

R ’ N=NAr

Substituent in

Note: References 59-118 are on pp. 177-178
t The azo compound could be isolated.

Substituent R in
CH,;COCHCO,C,H, @N; or

| Yield,

R - [Other Diazonium Ion] 9,

n-C,H, — 65

2-NO, —

_4-Br —

4-OCH, —

2-0C,H; —_

4-0C,H; —

4-CO,C,H; —

} ; [2-CyoH,N,*] -
(CH,),CHCH, — 72
CH,CH,CH(CH,) — v 63
CH;COCH(CO,C,H;) — Quant.

4-CH, Quant.

4-CH,CONHY —

4-(p-H,NC,H,)t —

4-(p-CH,CONHC,H,)t —

[ﬁ'010H7N2+] -

C.H,CH, — 68
— Quant.

' 2-NO, 90

4-Br —

4-OCH, . —

2-0C,H; —

4-0C,H; —

4-C0,0,H, —

3-OCH,, 4-OCH, 70

. [2-C1pN;N,*] -

[B-CyoH, N, 7] -

4-CH,0C,H,CH, — 75

References

31,
31,
4,

31,

72
38
39
39
39
39
39
39
32,73
32, 73
75, 76
77
78
78
78
77
32,79
80

38
39
39
39
39
39
49
39
39
81

NNHAr

[
CH,C0,H + RCCO,C,H,

Conyversion
Product

Amino acid
Indole
Indole
Indole
Indole
Indole
Indole
Indole

Amino acid

Amino acid

Pyrazole
Pyrazole
Pyrazole
Pyrazole
Pyrazole
Pyrazole
Amino acid
Azoformal-
doxime
Indole
Indole
Indole
Indole
Indole
Indole
Indole
Indole
Indole
Amino acid

v
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TABLE II—Continued

MONOSUBSTITUTED ACETOACETIC ESTERS IN THE REACTION:

R
H,0
CH;COCHCO,C,H; + ArN,+X- — [CH,COCCO,0,H,] ——>
R , N—NAr
~ NNHAr

CH,CO,H + RCCO,C,H;
Substituent in

Substituent R in
CH,COCHCO,C,H, @N; or ,
| Yield, Conversion
R [Other Diazonium Ton] 9, References  Product
7 3 '
CH, — 70 82 Indole
A . :
Br . - )
7z H
CH, — 50 82 Indole
AN . :
C¢H,COCH, — — 41 Pyrazole
2-CH, — 40 Pyrazole
4-CH, — 40 Pyrazole
CH;COCH(C,H;) — — 40 Pyrazole

Note: References 59-118 are on pp. 177-178.
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TABLE III

ACYLACETOACETIC ESTERS IN THE REACTION:

RCOCHCO,C,H, + ArN,+X- —

|
COCH,

. Rin
RCOCHCO,C,H;

COCH,

CH,

CH,CH,*
C,H,0%
C,H,0C0+t
CeH; t

3-0,NC,H,
4-0,NCH, 1
C,H,CH,COt

Note: References 59-118 are on pp. 177-178.

00,C,H,

NNHAr

H,0 ”
[RCOCN=NAr] ——» RCOCCO,C,H; + CH,CO,H (a)

COCH, or

NNHAr

CH,COCCO,C,H, + RCO,H (b)

Substituent in

[Other Diazonium Ion]

2-CO,H
2-CH,
4-NO,

. 2-CO,H

-

2-CO,H

* Reaction course b.
1 Reaction course a.

Yield, Refer- Conversion

%

ences Product

18 L—
18 -
18 —
83 —
18 —
18 —
18 —
18 —

18 —
18 =

18 —
18 —

¥
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TABLE IV
ACYLCYANOACETIC ESTERS IN THE REACTION:
CO,C,H;

H,0
RCOCHCO,C,H; + ArN,*X- —» [RCOC—N=N—Ar] —»

CN CN
C0,C,H,

RCO,H + C=NNHC,H,

‘CN

Substituent in

" Yield, Refer- Conversion

R in Ester [Other Diazonium Ion] % ences  Product
CH, — — 20,21 —
[+N2©—©Nz+] N o N
CH,CH, — — 20,21 —
(CH,),CH — — 20,21 —
[+N2©—©N2+] N = » h

(CH,),CHCH, — 20,21 —
CH, — — 20,21 —
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TABLE V
CycLic CoMPOUNDS IN RING-OPENING REACTIONS*

Substituent in

O
Yield, Conversion

Cyclic Compoundt [Other Diazonium Ion] 9, References  Product

i
HgC s 4.No, Good} 84 —
N CO4CoH 5
Il .
[0}
0 — 96 11, 51, 53,
m'cozc,‘,]:(5 ’ 85, 114 Indole
2-NO, — 11 Indole
4-NO, — 11, 14 Indole
3-CO,H 70 37 Indole
41 65 14 Indole
4-OCH, 71 86 Indole
3-1, 4-1, 5-1 95 14 =
3-1, 4-OCH,, 5-1 88 14 —
[x-C1oH;N,*] 94 53 Indole
i |
A - S
— — 88 —

Note: References 59-118 are on pp. 177-178.
" * See p. 155.
1 The bond broken in the ring opening is indicated by the dotted line.

CH,  CH,
1 The reported product is 0,NC¢H,N—=N—C—CO—CHCO,C,H,.

l
CO,H
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TABLE V—Continued
Cycric CoMPOUNDS IN RING-OPENING REACTIONS*

Substituent in

Yield, Conversion

Cyclic Compoundt [Other Diazonium Ion] 9%  References Product

i .. . .
Ocozczﬂs o — 44 Amino acid

— : 97 115, 118 Indole

—§ ' 87 11, 54 —
2-NO, — 38 Indole.
4-NO, — 1 - —
3-OCH,, 4-OCH, 90 49 Indole
CH, . -
cfl, | o — 89 89,116 —
‘HSCCCHa"i‘ .....
CHy | _CHOO,C,Hs
CH

Note: References 59-118 are on pp. 177-178.

* See p. 155.

1 The bond broken in the ring opening is indicated by the dotted line.
§ Methyl cyclohexanone-2-carboxylate was also coupled.
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Carbonyl Compound
CH;COCHCOCH,

Cl

CH,COCHCOC0,C,H,

Cl

CH;COCHCOCH,

CH,

CH,COCHCOCH,

CH,CH,

ORGANIC REACTIONS

TABLE VI

1,3-DiCARBONYL COMPOUNDS

Substituent in

[Other Diazonium Ion]

2-CH,
4-CH,
4-NO,

-

[*N, — N,*]

CH, CH,
H,C,N—CO

ON,+

H,CN—C

CH,
2-CH,
4-CH,
4-NO,
4-C1
4-Br

A

Note: References 59-118 are on pp. 177-178.

(The group that is lost is italic.)

Con-
Yield, Refer- version
%  ences Product
— 42 _
69 90 —

— 91 —

— 43 -

— 43 —
— 13 —_

— 43 —
— 43 —
— 43 —
- 13 —
— 13 —
— 13 —
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TABLE VI—Continued

1,3-DICARBONYL COMPOUNDS
(The group that is lost is italic.)

Substituent in

©N2+ or ‘ Con-
Yield, Refer- version

Carbonyl Compound [Other Diazonium Ion] % ences Product
CH,COCHCOCH, — 90 = 113 —
(as acid)
CH,CH,CO,C,H, 2-CH, 72 113 —
(as acid)
3-CH, 85 113 —
(as acid)
4-CH, 81 113 —
(as acid)
4-NO, 85 113 —
. (as acid)
C¢H,COCHCHO — — 92,93 —
] ) 4-Br — 9 —
CeH; 4-NO, — 8 —
(lms
PN
o, | cucro — o4 _
H3CCCH, I
CHp | _Co
CH
CH,0 ~ON
CHCOCH, — — 19 —
Cl N4
|
(¢]
CH,0 ~ON
CHCOCH, — — 19 —
o]
H,C -0 ’
CHCOC H, —_ — 19 —
\”/
(o)

Note: References 59-118 are on pp. 177-178.



Starting Material

COCO,C,H,

COCH,

=0
0

COCH,
CICH, | /=0

_/CH—CO
o
\CcO—CHCH,

ORGANIC REACTIONS

TABLE VII
MiISCELLANEOUS COMPOUNDS
Substituent in

% References

\

— — 27
4-OCH,* — 27
4-Br* — 27
—t — 26
—t — 95
4-NO,t — 25

— 90-96 45, 46, 47

— 83 96, 97

Note: References 59-118 are on pp. 177-178.
« * The reaction was run in pyridine solution.
1t The nitro group eliminated from the 9 position of ﬂuorene apparently
attacked the coupling product, since the p-nitro-phenylhydrazone of fluorenone

was isolated.

1 The ethoxalyl group was eliminated.

Conversion
Product

Amino acid

Amino acid
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B. Reactions Accompanied by Decarboxylation
TABLE VIII
ACETOACETIC ACID DERIVATIVES
R in Substituent in
RCHCO,H ,
@Nf Yield, Conversion
COCH; %  References Product
CH, — Quant. 4, 5, 33 —
C,H, — — 4,5 —
KO,CCH,CH, — 80 99 —
CsH;CH, — 86 36 Indole
3-NO, - 80 36 . —
2-OCH,, 5-OCH, 80 36 —_
3-OCH,, 4-OCH,; Quant. 49 —
C,H;COCH, — — 40 Pyrazole
0 .
|
/C
CH, /NCHQCHZ(‘H, — 86 36 Indole
NC ) 3-0CH, 85 36 Indole
I 3-C1 — © 36 —
(0}
Note: References 59-118 are on pp. 177-178.
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TABLE IX

CYANOACETIC AcCID DERIVATIVES

Rin Substituent in
RCHCO,H
| @N ot Yield, - Conversion
C=N % References Product

CH, — — 100, 101 —
2-CH, 25 100, 101 —
4-CH, 28 100, 101 —

C,H; — 31 100, 101 —_— .
2-CH, 25 100, 101 —_
4-CH, 15 100, 101, 102 —
4-Cl Quant. 102 —

C.H; — — 102 —

C H,;CH, — 30 58, 103 Amino acid
_— Quant. 102 —
4-CH, 25 102 —
4-NO, — 102 —

Note: References 59-118 are on pp. 177-178.

TABLE X
MALONIC ACID DERIVATIVES

Substituent in

. @Nf Yield, Conversion
R in RCH(CO,H), % References Product

ol — — 59 —

2-C0,CH, — 59 —

CH, — — 104, 105 —

4-CH, — 104, 105 —

C,H; — — 104, 105 - —

v 2-CH, — 104, 105 —

- HO,OCH,CH, — 49 113 —

C,H,CH, - — 58, 103 Amino acid

— — 80 Azoformaldoxime

Note: References 59-118 are on pp. 177-178.
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Starting Material
CH,;CHCO,H

NO,

CH,
CH, CO

CH,——CHCO,H

CH,

7N

CH, CO

CH,

CH,
CH, CO

|
CH, CHCO,H

N\

CH,

(lma
C
/
CcH, |\oo
| HSCCCHSI
CH,

g c|.l/.cuoozﬂ

ZN#N~co 1
|
N N\c O/CHCHS

CHCONHG,H,

TABLE XI

Substituent in

O

[Other Diazonium Yield,

Ion]

2-NO,
4-NO,

2-NO,*
4-NO,*

4-CH,
4-NO,

[a-C1oH, N, *]
[B-C1oH;N,*]

4-C0,C,H;

MISCELLANEOUS REACTIONS

%

Quant.

Quant.
Quant.

Quant.

89

Note: References 59-118 are on pp. 177-178.

* The azo compound was isolated also.

Conversion
References  Product

28 —

11, 56, 106 Indole
11 —
11 -
11 -
11 —

11, 56 Indole

56 Indole

11 Indole

56 Indole

56 Indole
107 .
108 —

1 The product was a-C;H,NNHCOCH(CH3;)=NNHCH,CO,C,H;-(p).
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TABLE XI—Continued
MISCELLANEOUS REACTIONS

Substituent in

[Other Diazonium Yield, Conversion
Starting Material Ton] % References  Product
l N/—CHCHz(JHZCHaI 4-CO,H 94 15 —
CcOo,H , .
CH,—CHCN . .
— 88 109 —
CH, CO
A4
0
CH,—CHCO,H :
| — 83 46 Amino acid
CH, CO :
N/
0]

—0 — Quant. 110 —
g~ CO,H

Note: References 59-118 are on pp. 177-178.
t The product was 2-n-butyrylpyridine.
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INTRODUCTION

The Michael condensation in its original scopel=2! is the addition of an
addend or donor (A) containing an «-hydrogen atom in the system
O—=C—CH to a carbon-carbon double bond that forms part of a con-
jugated system of the general formulation C=C—C==0 in an acceptor (B).

R R! RIIRY RVI R R! RIIRY RV

S o A N R

0=C—CH + (=0—C=0 ——> 0=—=(C—C—C—C—C=0

| | 1]

Ru RIv RI RIVH

The condensation takes place under the influence of alkaline reagents,
typically alkali metal alkoxides. :

The range of addends is very broad. Generally speaking, all structures
O=C—CH in which the hydrogen is active by the Zerewitinoff test will
serve as donors in the Michael condensation. In addition, many com-
pounds that do not meet this test of hydrogen activity, such as aceto-
phenone, are effective Michael reactants.

Typical acceptors are o,S-unsaturated aldehydes, ketones, and acid
derivatives.

By extension of the original scope, the Michael condensation has come
to be understood to include addends and acceptors activated by groups
other than carbonyl and carbalkoxyl. The wider scope is encompassed

1 Michael, J. prakt. Chem., [2], 35, 349 (1887).
Michael, Am. Chem. J., 9, 115 (1887).
Michael, J. prakt. Chem., [2], 49, 20 (1894).
Michael, Ber., 27, 2126 (1894).
Michael, Ber., 33, 3731 (1900).
Michael and Schulthess, J. prakt. Chem., [2], 45, 55 (1892).
von Auwers, Ber., 24, 307 (1891).
von Auwers, Koebner, and v. Meyenburg, Ber., 24, 2887 (1891).
von Auwers, Ber., 26, 364 (1893).
10 yvon Auwers and Jacob, Ber., 27, 1115 (1894).
11 yon Auwers, Ber., 28, 1130 (1895).
12 Knoevenagel, Ann., 281, 25 (1894), especially p. 33.
13 Knoevenagel, Ann., 281, 25 (1894), especially p. 53.
14 Knoevenagel, Ann., 289, 131 (1896), especially p. 170.
15 Knoevenagel, Ann., 297, 185 (1897).
16 Merling, Ber., 38, 979 (1905).
17 Knoevenagel and Schwartz, Ber., 39, 3441 (1906).
18 Knoevenagel and Mottek, Ber., 37, 4464 (1904).
19 Knoevenagel and Speyer, Ber., 35, 395 (1902).
Connor and McClellan, J. Org. Chem., 3, 570 (1938).
21 H. Henecka, Chemie der Beta-Dicarbonyl-Verbindungen, Berlin-Goettingen-Heidelberg,
1950.

@ ® N e w e ® W
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by this survey, which therefore includes as donors nitriles, nitro com-
pounds, sulfones, and certain hydrocarbons such as cyclopentadiene,
indene, and fluorene that contain sufficiently reactive hydrogen atoms.
It also includes as acceptor molecules a vinylsulfonium compound? and
certain hydrocarbons of permanent polar character (finite dipole moment)
such as fulvenes. Another hydrocarbon acceptor is the conjugated tetra-
acetylenic compound which adds diethyl sodiomalonate as shown.22s

CHyC=C—C=(—C=C—C=CCH, -+ CH,(CO,C,H), -
CH,(=C—C=(C—C=C—CH=C(CH,)CH(CO,C,H;), -

The relatively few Michael condensations in which acetylenic aldehydes,
ketones, and esters serve as acceptors are also considered.

The interesting examples of activation of an ethylenic double bond by
a neighboring sulfonium group provided by the observation?? that
vinyldimethylsulfonium bromide adds methyl acetoacetate and diethyl
malonate in the presence of aqueous sodium hydroxide, according to the
following equation, o T

@
(CH,),S—CH=CH, + CH,COCH,CO,C,H; —
(CH,4),SCH,CH,CH(COCH,)CO0,C,H;
@

are good illustrations of the mechanism of the Michael reaction, as set
out in the following section. : '
Unsaturated cyclic quaternary ammonium salts can also act as acceptors
in the presence of bases. A recent example is furnished by the 2,7,10-
trimethylacridinium halides which react with diethyl malonate in the
presence of sodium ethoxide as shown in the accompanying equation.??

H  CH(CO,C,H;),

~N
H,C NONCH,  omy00,6Hy),  HoC <N CH,
_—
NP NaOC,H, N

®
| |

CH, CH,

22 Doering and Schreiber, J. Am. Chem. Soc., 7?7, 514 (1955).

22¢. Bohlmann, Inhoffen, and Politt, Ann., 604, 207 (1957).

226 Dimroth and Criegee, Chem. Ber., 90, 2207 (1957). Other examples are given by
Kroehnke and Honig, Chem. Ber., 90, 2215 (1957); Kroehnke and Vogt, Ann., 600, 211
(1956), and Chem. Ber., 90, 2227 (1957). These reactions recall older observations of the
reactions of unsaturated cyclic quaternary ammonium pseudo bases with ethyl acetoacetate
and with nitroparaffins: Kaufmann, Chem. Zentr., 1912, II, 978; Leonard and Leubner,
J. Am. Chem., Soc., 71, 3405 (1949); Leonard, Leubner, and Burk, J. Org. Chem., 15, 979
(1950).
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- MECHANISMS OF THE PROCESSES INVOLVED IN THE
" MICHAEL REACTION

" The Normal Reaction

From the nature of the alkaline reagents that cause the Michael con-
densation to occur, it is logical to suppose that they act by removing the
a-hydrogen atom from the donor as a proton. The residual anion is

R R RR R R
| [ o | |
0—C—CH + C,H;0° %5 C,H,0H + 0—C—CO ¢ 0—C—C

f'{u o 1|1n an

A

presumably to be viewed as a hybrid of the enolate ion form and the
carbanion form, as depicted here, though the subsequent condensation is,
most readily visualized as involving the carbanion.

The condensation proper occurs when a new bond is formed between
the electron-rich carbon of this ion and the most electron-poor carbon of
the conjugated system in the acceptor, namely, the f-carbon atom.
Where the acceptor has (as shown) carbonyl activation of the «,8 double
bond, the carbanion product C is a resonance hybrid. It is noteworthy
that ability of acceptors to serve in the Michael condensation is enhanced
by polarizing substituents (R, RV, RV) that stabilize the ions C.

R R! RII RY RVI » ; . —

BN | ‘

0—C—C© + C=C—C=0 —

REI  RIV
R R! RIIRY RVI R R! RIIRY RVI
L e

0=(0—C—C—C—C=0 ¢ 0=C—C—C—C=C—0°%
©
RU RIY Y RI RIV

The proton that converts the ionized product (C) into the keto form
isolated (D) may come from another donor molecule. This interpretation
accounts for the fact that much less than the equivalent amount of basic
reagent often suffices to bring about the condensation. Where a full
equivalent of base is employed, the proton is supplied by neutralization

of the reaction system.
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The over-all reaction has, then, the effect of 1,4 addition of the donor
(in fragments O=C—C— and —H) to the conjugated system of the
acceptor.

R R! RIIRY RV R R!

I ||

0=—C—C—C—C=C—09 4+ 0=C—CH =2

| |

RI RIV RI
C A

R R! RIIRY RVI R R!

0—C—(C—C—C—C=0 + 0=C—C®

I‘{II ILIV ]'!_‘[ Ru

The foregoing description obviously does not apply to those condensa-
tions, included as Michael reactions in the larger sense, in which the
acceptor is an unsaturated hydrocarbon of permanent polar character.
Here the product C must be formulated exclusively as a carbanion, and
the over-all reaction has the appearance of 1,2 addition of the donor
RH (as R— and —H) to the polarized double bond.

The Nature of the Anion of the Adduct

Where R is hydrogen, the carbanion C may undergo a proton shift.
It must be supposed that the anion readily assumes the form C’ if this

R RI RUIRY RVI R R! RIIRY RVI

[ A I
0=C—C—C—C—C=0 2 0=0—C—(—C—C—0
o o
I!I Rl‘IV ﬁlv :l‘
C (o4 =

is more stable than C, as may be the case if the substituent R! makes the
proton. of the group R!CH more highly acidic than that of RYCH.
Although on direct isolation the same product is obtained from C and
from C’, the reactions carried out on the anion may disclose when the
change has taken place, as in the following example.?® The Michael
product from ethyl cyanoacetate and ethyl methacrylate (with a full
equivalent of base) can be methylated in alcoholic solution with methyl
iodide. Upon hydrolysis and decarboxylation, «,a'-dimethylglutaric

23 Thorpe and Young, J. Chem. Soc., 77, 940 (1900).
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acid (IV) is obtained. This must be derived from III, and the anion is
then better represented as IT than I, which would be the primary result
of the addition outlined in the foregoing.

©CH(CN)CO,C,H, + CH,—C(CH,)C0,C,H, - CH(CN)CO,C,H,

S -
CH,C(CH,)C0,C,Hy
I
e
C(CN)CO,C,H, ey CHC(CN)CO,C,H, Hydrolyas
—_—
CH,CH(CH,)C0,C,H, CH,CH(CH,)CO,C,H, ~ %
11 111
CH,CHCO,H
CH,CH(CH,)CO,H
Iv

Many similar observations of this rearrangement, which is not in itself
" part of the Michael reaction, have been made in the course of efforts to
establish Michael mechanisms.2

From one particular example, it appears that the rearrangement may
be impeded in non-hydroxylic solvents.2:26 Kthyl phenylpropiolate (V)
with diethyl sodiomalonate in inert solvents gives a yellow sodium salt
and in ethanol solution a colorless isomer. The formulas VI (before
rearrangement) and VII (after rearrangement), respectively, have been
assigned to these salts. Diethyl sodiomethylmalonate in benzene also
gives a yellow compound VIII with ethyl phenylpropiolate, but no
colorless isomer; this is attributed to the lack of an «-hydrogen atom in
VIII that would permit shift to the form analogous to VIL. It should

' C,H,C=—C—C(0C,H,)ONa
C,H,C=CC0,C,H, |
CH(CO,C,H;),
v VI
C,H,0=CHCO,C, H, C,H,C—C=C(0C,H;)ONa
C,H,0,0C—C(0C,H,)0Na ‘ CH,C(CO,C,H,),
VII VIII

be noted that the structures indicated for VI and VIII do not fully
explain their yellow color,
24 Ingold and Powell, J. Chem. Soc., 119, 1976 (1921).

25 Gidvani and Kon, J. Chem. Soc., 1932, 2443.
% Gidvani, Kon, and Wright, J. Chem. Soc., 1932, 1027.



THE MICHAEL REACTION : ‘ 187

A Competitive Side Reaction

Compounds of the type formulated above as acceptors tend to undergo
addition reactions with anions in general, e.g., with alkoxide anions,
which are frequently used as catalysts in the Michael reaction. In such
cases, the catalyst competes with the donor for the acceptor molecule.

R RI! r R R!I RUIRY RVI

| [ T I
0=C—C©® 0=—C—C—C—C=—C—089®
}I{n RII RV RVI RI :R'IV
[ ]
and 4 C=C—C=0 — { and g
RVIOO RIV RUIIRY RVI
RM—0—C—C=C—0©
8 - J

Although this possibility should always be borne in mind, it seems that
only acceptors in which RM! = RIV = H (acrylates, acrylonitrile) add
alkoxide anions avidly enough to interfere with the Michael reaction. It
is preferable with these acceptors to carry out the condensation without
solvent or in non-hydroxylic media.??

The Reverse or Retrograde Reaction

The Michael reaction is a reversible process: adducts D can be split
into precursors A and B by the same catalysts that effect the condensa-
tion.2® A tendency toward such retrogression can be combatted to a
degree by using an excess of one of the reactants; this appears to be a
case of mass action affecting an equilibrium. Although few quantitative
data are available on the position of the equilibrium, it appears that low
temperature favors condensation and elevated temperature retrogression.?®
Furthermore, retrogression is more likely to occur when the condensation
is slow; one of the factors causing slow condensation is the presence of
a large number of substituents (R, R1Y, RV) at the «,8 double bond of
the acceptor molecule (see p. 247). These two effects are exemplified in

27 Koelsch, J. Am. Chem. Soc., 85, 437 (1943).
28 Grob and Baumann, Helv. Chim. Acta, 38, 594 (1955).
29 Dornow and Boberg, Ann., 578, 101 (1952).
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the following table in which the yields of condensation product obtained
possibly represent the equilibria attained.

.
Reaction between Diethyl Yield of Adduct at

Malonate and 100° 25°
Ethyl crotonate 65 ?
- Ethyl cinnamate 35 ?
Ethyl §,8-dimethylacrylate 30 70
Ethyl «,8,8-trimethylacrylate Trace? ?

Whenever at least one of the substituents R! and R in the donor is
hydrogen, the general formulation of the condensation product acquires

R R! RUIIRY RV R R! RII RY RVI

A I R A

0=(C—C—C—C—C=0—» 0=C—C=C + H,C—C=0

H RIYH RIv ‘

the symmetry of a 1,5-diketopentane with hydrogen atoms in the 2 and
‘4 positions. With such a structure, retrogression can occur to give
fragments different from the starting materials. In this process, the
bond broken is the one that was originally «,f in the acceptor; the
remainder of this end of the molecule is then isolated as a fragment
having O=C—CH (‘‘donor”’) structure. At the same time, the original
donor reappears with C=C—C=0 (“acceptor”) structure. The combin-

ation of condensation and retrogression in such cases has the net effect of -

transferring an alkylidene substituent from the o-carbon of the original -

acceptor to the a-carbon of the original donor. Thus, the Michael
condensation between phenylacetone and «-nitrostilbene gives, inter alia,
3,4-diphenyl-3-buten-2-one (IX),2® and the condensation of isopropyl

p-CH30CeH,CH=CHCOCH(CHg), + CHy(CO;CoHy), —>

p—-CH;0CGH,CH--CH,COCH(CHg); — CH3COCH(CHa);  +
CH(CO2C5Hs),

Hydrolysi
p— CH30CgH ,CH=C(CO,CyHz), ———— > p—CH;0C¢H,CH=CHCO,H

p-methoxybenzylidenemethyl ketone with diethyl malonate, when carried
out in ethanol as solvent, gives p-methoxycinnamic acid.3? (See equations
at top of p. 189.)

Cleavage formally identical with this can occur in molecules of suitable
structure, even though they were not formed by a Michael reaction. The

3¢ Vorlaender and Knoetzsch, Ann., 294, 317 (1897), especially p. 334.
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CeH;CH,COCH; + CGH5CH:C(N02)C6H5—>CGHscHCH(CGH5)—§-CH(NO2)CGH5
COCH4 l

CeHsC=CHCgH; + CH,(NO,)CeHs

COCH,
X

following examples from the chemistry of natural products illustrate
cleavages that may be designated retrograde Michael reactions in a
formal sense.

1. Dimethyl caryophyllenate (X) is converted by successive treatments
with sodium amide in xylene at 130° and with dilute hydrochloric acid
into 4,4-dimethyl-2-cyclohexenone (XI).3!

(CH,), ,CH,CO,CH, (CH,;),CCH=—CHCO,CH,
— —
CO,CH, CH,CH,CO,CH,
X
(CHy,), N H+ (CHy),
. —_— >
=0 —0
CO,CH,
) XI

2. Dimethyl a-tanacetonedicarboxylate (XII) is analogously converted
—~ into tanacetophorone (XIII).32

CH,CO,CH

C0,CH e
/ 2 3 / .
\ —_ CHZ -

CH,CO,CH, C=CHCO0,CH, .

(CH,),CH | -

XII (CH,),CH
. C0,CH,

! =0 ——=0
= |
\ﬁt —

(CH,),CH (CH,),CH
XIIL

31 Eschenmoser and Fuerst, Experientia, 7, 290 (1951).
32 Wallach, Ann., 388, 49 (1912).
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3. The conversion of santoric acid (XIV) into santoronic acid (heptane-
2,3,6-tricarboxylic acid, XV) has been formulated as follows.3

CH, CO,H ' CH, CO,H : ;
‘ ‘ N/ !
\VCHZCOZH cH .
4 \
- H,C CH=CHCO,H
‘ ’/ COH —CH,CO,H
H,C —C

CO.H

_\CH(CH3)002H
- XIV

\
\CH(CH:,)COzH \

CH, CO,H CH, CO,H \

N/ N/
CH CH

HC  CoH : H,6
> —CO, ‘

CO,H _— CO,H
. ‘ i/ : / 2

H,0—C H,C—CH
\CH(CHa)CozH \CH(CHS)COZH
XV -

4. The phenyl ketone XVII, obtained from 4-cholesten-3-one (XVI), is
converted (in its intramolecular aldol form) by heating with alkali at

200-240° to XVIII and vinyl phenyl ketone, which decomposes further °
into formaldehyde and acetophenone.34 N

CgHyy k CgHyy

CgHy7 '
Hy

H, CH,4

CHj4 CH,

+ CH,=CHCOCgH;
o co

XVI XV v )

5. Pyrolysis of the keto aldehyde XIX gives XX and 2-dodecenal.35,36
6. Similarly, XXT is converted to 2-methylcyclohexanone and X X11.37
33 Woodward, Brutschy, and Baer, J. Am. Chem. Soc., 70, 4216 (1948).

Julia, Eschenmoser, Heusser, and Tarkéy, Helv. Chim. Acta, 36, 1885 (1953).
Achtermann, Hoppe-Seyler’s Z. physiol. Chem., 225, 141 (1934).

Laucht, Hoppe-Seyler’s Z. physiol. Chem., 237, 236 (1935).

Cornforth, Hunter, and Popjék, Biochem. J., 54, 590 (1953).
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CH3 /C9H19
CH , CH,
CHy \cncho CH;
o ‘ )
B ——
© CH,CO, o CH3C0,
+ CoH;gCH=CHCHO
) XX XX
CgHyq
P CsH
CH, cHy|”
CH,
CHO - +
0 0 CHO
XX1 : XX

Other retrogressions of this type may take place by heating or under |

base catalysis.38-47

The ‘‘Abnormal’’ Michael Condensation

When the Michael condensation product from ethyl f,3-dimethyl-
acrylate and ethyl a-cyanopropionate is methylated (with sodium ethoxide
and methyl iodide), the product upon hydrolysis and partial decarboxyl-
ation 1is e,o’,8,f-tetramethylglutaric acid (XXVI).2® This carbon
skeleton shows that the methylation product before hydrolysis is XXV.
In turn, XXV probably can only <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>