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The Reaction of Azodicarboxylic Acid Esters with
Aldehyde Monosubstituted Hydrazones!

Bernarp T. GiLLis aND Fraxcis A, DANIHER?

Department of Chemistry, Duquesne University, Pitisburgh 19, Pennsylvania
Recewed June 28, 1962

The reaction of aldehyde monosubstituted hydrazones with azodicarboxylic acid esters has been shown to yield hydrazide-

hydrazones (II) of the acids corresponding to the aldehydes, rather than the reported tetrazane derivatives.

The hydrazide-

hydrazones cyclized under acidic, basic, or thermal conditions to furnish 4-amino-2,3-dihydro-3-oxo-1,2,4-triazole deriva-
tives rather than the reported 1,2,3,4-tetrahydro-3-oxo-1,2,4,5-tetrazine derivatives.

Busch, Miiller, and Schwarz® have proposed the
following sequence for the reaction of azodicar-
boxylic acid esters with aldehyde monoalkylhydra-
zones (scheme A).
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Further, the intermediate tetrazane (I) was re-
ported then to rearrange in the presence of acid to
the non-isolable intermediate hydrazide-hydrazone
(II) which immediately eyclized to the tetrazinone
(IIT).* About that time the reaction of azodicar-
boxylic acid esters with aldehydes was found to re-
sult in substitution of a hydrazine moiety for the
aldehyde hydrogen.* The reaction was slow at
room temperature but gave good yields of the ad-
ducts. The failure of ketone monoalkylhydrazones,?
and aldehyde dialkylhydrazones® severely restricted
the possible mechanisms of the addition of azodi-
carboxylic acid esters to aldehyde monoalkythydra-
zones. Further, in view of the unusual rearrange-
ment of the intermediate I to give II which was
proposed, the reactions of scheme A were reinvesti-
gated.
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(5) When ethyl azodicarboxylate was mixed with benzaldehyde

benzylphenylhydrazone and heated, the hydrazone was recovered in
909%; yield,

When benzaldehyde phenylhydrazone was
treated with ethyl azodicarboxylate, a 559, yield of
yellow crystals, m.p. 104—106°, was obtained. This
compound was the material which was purported to
be the tetrazane derivative (I).* However, when
this compound was treated with the standard 24-
dinitrophenylhydrazine reagent, no benzaldehyde
2,4-dinitrophenylhydrazone was formed. This
evidence was the first indication that the structure
of the proposed intermediate was wrong. A sub-
sequent infrared spectrum determination and ring
closures under a variety of conditions both acidie
and basic cast further doubt on structure I. An
active hydrogen determination (which showed two
rather than one active H) clearly indicated the
structure of the intermediate as a hydrazide-hydra-
zone (IT) in contrast to the proposed tetrazane (I).
Table I shows the intermediates isolated from vari-
ous aldehyde phenylhydrazones (ITa, b, and ¢.)

The formation of IT together with the lack of
reaction with ketone monoalkylhydrazones and
aldehyde dialkylhydrazones can be most easily
explained by a cyclic mechanism, which necessi-
tates an N—H bond in the hydrazone as well as
an aldehydic hydrogen as shown in scheme B. A
direct analogy exists in the reaction of certain con-
jugated and unconjugated olefins with ethyl azo-
dicarboxylate.®
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The ketone monoalkylhydrazones do not result
in adduct formation because the proton shift in
step 2 necessary for stabilization is impossible, and

6) Be;nax"d T. Gillis and Paul E. Beck, J. Org. Chem., 27, 1947
1962); Boris Frantus atd Jokt H. Surridge, ibid., 97, 1951 (1962).
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No. R R’ R” M.p,, °C. (EtOH) log e

I1a C.Hy— CgHs— CeH:— 104-106 274 4.03

ITb C:Hg— CH;— CeHi— 67-68 269 4.4

IIc Ce 5CH2—" CsHﬁ— C(;H;',—" 130-131 274 4.0

IVa C.H— CeHy— CeHs— 148-149 268 4.25

Ivb C.Hj CHz— CeHy— 111-112 247 4.1

IVe CeHaCHz—' CgHs—- CeHs—' 129-130 269 4.1

Ivd CoHy— CeHi— CH;— 135-136 267 4.45
the equilibrium for step 1 where R’/ = alkyl un- Scheme C:
doubtedly lies far to the left. N—NHCH, N—n- CeHs

When aliphatic aldehyde monoalkylhydrazones ol — C// \ c—d¢ =0
reacted with ethyl azodicarboxylate, the latter was MR = T N
reduced to ethyl hydrazodicarboxylate. Such hy- 11\I—I(|}—OC2H5 l!\I
drazones are capable of easy azine formation by the  C,H;0.C—N O C:H;0:C—NH
azodicarboxylic acid esters which are reasonably H / 1Va
strong oxidants. Ila KoH
The intermediates of type II could be cyclized by CsHs . CeHs
¢ q: . " . N—N-" N—N

thermal, acidic, or basic conditions, Table I lists 7 heo cnd beo
the cyclized compounds, IVa, b, ¢, and d. The Cobls— C\ el AN
benzaldehyde methylhydrazone reacted with ethyl 1\[1 i\ﬁ
azodicarboxylate to form ‘ghe cyclized compound NH, CsHs;CH="N
IVd directly. No intermediate was detected. The v VI

increased nucleophilicity of the nitrogen adjacent to
the alkyl group apparently increased the ease of an
already facile ring closure.

Biisch, et al.,® had formulated the cyclic com-
pounds as substituted 1,2,3,4-tetrahydro-3-oxo-
1,2,4,5-tetrazine-1-carboxylates. However, treat-
ment of IVa with potassium hydroxide in ethylene
glycol for four and & half hours yielded a compound,
m.p. 156-157°, whose infrared spectrum exhibited
absorption characteristic of an —NH, group and the
compound was thus formulated as 4-amino-2,5-
diphenyl-2,3,-dihydro-3-o0x0-1,2,4 - triazole (V).
Upon condensation of V with benzaldehyde a deriv-
ative (VI), m.p. 119-120°, was obtained with cor-
rect analysis for the benzylidene derivative and
whose infrared spectrum was devoid of —NH—
absorption. These facts indicate that the cyclic
compounds of Biisch? and those in Table I are tria-
zole derivatives rather than tetrazine derivatives.
In view of the past literature,” all those cases where
1.2,4,5-tetrazines were postulated by a eyclization
where 4-aminotriazole derivatives are also possible
are probably the latter (see scheme C).

Experimental®

Preparation of Starting Materials.—Ethyl azodicarboxyl-
ate wag prepared by the method of Rabjohn® in 787, yield,
b.p. 107-111° (15 mm.). Benzyl hydrazodicarbozylate was
prepared by a modification of the method used for prepara-

tion of ethyl hydrazodicarboxylate.® The compound was
obtained as white flakes from benzene in 729, yield, m.p.
105-105.5° (lit., m.p. 106-106.5°%). Benzyl azodicarbozy!-
ate was prepared by the method of Kenner and Stedman in
69% yield, m.p. 45-46°. Benzaldehyde methylhydrazone
was prepared according to the method of Wiley and Irick,!t
in 85% yield, b.p. 123-125° (9 mm.).

Benzoic Acid, N,N’-Dicarbethoxyhydrazide-phenylhydra-
zone (IIa).—The compound was prepared by the method of
Biisch, Miiller, and Schwarz.? Upon recrystallization from
ethanol, I1a was obtained in 559, yield, m.p. 104-106° (lit.,
m.p. 106°3). ‘

Acetic Acid, N,N’-Dicarbethoxyhydrazide-phenylhydra-
zone (IIb).—Ethyl azodicarboxylate (8.0 g., 0.046 mole) was
added dropwise to acetaldehyde phenylhydrazone (6.2 g.,
0.046 mole). An exothermic reaction ensued and a dark red
oil was formed. The oil was taken up in 15 ml. of methanol
and placed in the refrigerator to crystallize. After 2 weeks
at 0° g yellow material crystallized. The material was
filtered and recrystallized from petroleum ether to give 5.0
g. (85%) of Ilb, m.p. 67-68°.

(7) John G. Erickson, Paul F. Wiley, and V. P. Wystrach, “The
1,2,3- and 1,2,4-Triazines, Tetrazines and Pentazines,” Interscience
Publishers, Ine., New York, N. Y., 1956, Chap. V and references
therein.

(8) Melting points and boiling points are uncorrected. Spectra
were determined on a Perkin-Elmer Model 137 double beam infrared
spectrophotometer and a Beckman Model DU ultraviolet spectro-
photometer. Analyses were performed by Alfred Bernhardt, Mil-
heim, Germany.

(9) N. Rabjohn, “Organic Syntheses,” Vol. XXVIII, John Wiley
& Somns, Ine., New York, N. Y, 1048, p. 58.

(10) G. W. Kenner and R, J. Stedman, J. Chem. Soc., 2089 (1952).

(11) R. H, Wiley and G. Irick, J. Org. Chem., 24, 1925 (1959).
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Anal. Caled. for C, HxN,O,: C, 54.53; H, 6.54; N,
18.17. Found: C, 54.80; H, 6.65; N, 18.30.

Benzoic Acid, N,N’-Dicarbobenzoxyhydrazide-phenyl-
hydrazone (IIc).—Benzyl azodicarboxylate (2.0 g., 0.0067
mole) was dissolved in 15 ml. of refluxing ether. To this
solution was added slowly through the condenser in approxi-
mately one-third portions 1.7 g. (0.0086 mole) of benzalde-
hyde phenylhydrazone. The condenser was washed with
5-ml. portions of ether after each addition. Reflux of the
ether solution was continued until the solution turned a
brilliant yellow. The ether was then removed on an aspi-
rator and a yellow solid melting at 124-128° was obtained.
The solid was recrystallized from methanol to furnish 2.45 g.
(77%) of II¢c, m.p. 130-131°.

Anal. Caled. for CuHyN,O.: C, 70.41; H, 5.35; N,
11.33; active H, 0.40. Found: C, 70.18; H, 5.30; N,
11.20; active H, 0.48.

4-Carbethoxyamino-2,5-diphenyl-2,3-dihydro-3-0x0-1,2,4-
triazole (IVa). Procedure A.—The treatment of IIa by the
method of Biisch, et al.,? utilizing acid resulted in a white
golid from methanol, m.p. 148-149° (lit., m.p. 149-150°%).

Procedure B.—One gram of IIa was placed in a solution of
40 ml. of methanol and 3 g. of potassium hydroxide and re-
fluxed for 24 hr., whereupon the solution became clear.
Upon cooling and acidification with sulfuric scid, a white
solid precipitated which was filtered and dissolved in ben-
zene. The benzene solution was then filtered to remove any
potassium sulfate. Upon cooling the filtrant, 0.77 g. (889%)
of IVa, m.p. 146~147°, was obtained. A mixed melting
point determination with an avthentic sample of IVa was
undepressed and infrared spectra of the two samples were
superimposable.

Procedure C.—The reflux of 0.5 g. of IIa in 30 ml. of
benzene for 3.5 days resulted in a color change from bright
yellow to a very light yellow. Concentration of the benzene
solution and cooling resulted in crystallization of 0.39 g.
(90%) of IVa, m.p. 147-148°. A mixed melting point with
authentic material showed no depression.

4-Carbethoxyamino-5-methyl-2-phenyl-2,3-dihydro-3-0xo-
1,2,4-triazole (IVb).—Treatment of IIb according to the
method of Biisch, et al.,® resulted in the formation of IVb,
m.p. 110-112° from benzene (lit., m.p. 112°3),

4-Carbobenzoxyamino-2,5-diphenyl-2,3-dihydro-3-0xo-
1,2,4-triazole (IVc).—A 0.5-g. sample of IIc was dissolved
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in 25 ml. of refluxing methanol to which 3 ml. of 209, hydro-
chloric acid had been added. The solution was refluxed
until clear. The methano! solution was concentrated and
cooled in the refrigerator. A white solid IVe (0.33 g.;
88%) m.p. 127.5-129° crystallized. An analytical sample
was recrystallized from a mixture of hexane and ether, m.p.
129-130°.

Anal. Caled. for C»H, N Os: C, 68.36; H, 4.70; N,
14.50. Found: C.68.27; H,4.76; N, 14.42.

4-Carbethoxyamino-2-methyl-5-phenyl-2,3-dihydro-3-oxo-
1,2,4-triazole (IVd).—Ethyl azodicarboxylate (5.0 g.;
0.028 mole) was added dropwise to freshly distilled benzal-
dehyde methylhydrazone (3.8 g.; 0.028 mole) dissolved in
25 ml. of anhydrous ether. An exothermic reaction with
decolorization of the solution resulted. The solution was
allowed to stand for 4 days and a white solid melting at 132-
134° crystallized. Recrystallization of this material from
ether gave 4.0 g. (55%,) of IVd, m.p. 135-136°.

Anal. Caled. for CH;,N,O;: C, 54.93; H, 5.38; N,
21.37. Found: C, 55.00; H, 5.43; N, 21.42,

4-Amino-2,5-diphenyl-2,3-dihydro-3-0x0-1,2,4-triazole

(V).—Five grams of IVa was mixed with 5 g. of potassium
hydroxide in 50 ml. of ethylene glycol and the mixture was
refluxed under nitrogen for 4.5 hr. The mixture was then
poured into 300 ml. of water, and the total solution was ex-
tracted with two 200-ml. portions of ether. The combined
ether extracts were concentrated on a steam bath, 100 ml.
of methanol added, and the residual ether was driven off
by heat. Upon cooling the aleoholic solution, 2.8 g. (77%)
of white solid V, m.p. 154.5-156°, crystallized. An analyti-
cal sample prepared by recrystallization from ethanol melted
156-157°, and exhibited Apax (EtOH) 271 mu, log e 4.2.

Anal. Caled. for C,HNO: C, 66.63; H, 4.79; N,
22.22. Found: C, 66.52; H, 4.94; N, 22.05.

4-Benzylideneamino-2,5-diphenyl 2,3-dihydro-3-0xo0-1,2,4-
triazole (VI).—In 10 ml. of boiling methanol was dissolved
0.1 g. of V. Benzaldehyde (1 ml.) was slowly added to the
solution and a white precipitate formed. The solid wes
filtered and reerystallized from methanol to yield 0.11 g.
(819%) of VI, which melted at 119-120° and exhibited Amax
(EtOH) 266 my, log € 4.5.

Anal. Caled. for CyqH;eN,O: C, 74.08; H, 4.74; N,
16.47. Found: C, 73.89; H, 4.58; N, 16.59.

Direct Synthesis of Poly(morpholinomethyl)hydroquinones!

WitLiam J. Burks, Jay L. Bistop, AND JoE A. WARBURTON
Department of Chemistry, University of Utah, Salt Lake City, Utah
Recetved June 28, 1962

High yields of tris- (III) and tetrakis(morpholinomethyl)hydroquinone (IV) were obtained directly from the condensa-

tion of hydroquinone with formaldehyde and morpholine.

Factors influencing the condensation were studied and IV was

hydrogenated to tetramethylhydroquinone (VI) and to 2,3,5,6-tetramethyleyclohexane-1,4-diol (VII).

It was recently shown that p-benzyloxyphenol is
an attractive starting material for the synthesis of
trimethylhydroquinone.2 Infurther related studies
it was found that reaction of 2,6-bis(morpholino-
methyl)hydroquinone with morpholine and formal-
dehyde under certain conditions led to both tris-
and tetrakis(morpholinomethyl)hydroquinone.

(1) This investization was supported in part by a research grant
CY-5211 from the National Cancer Institute of the Public Health
Service.

(2) W. J. Burke, J. A. Warburton, J. L. Bishop, and J. L. Bills,
J. Org. Chem., 26, 4669 (1961).

The formation of the latter was unexpected in
view of the fact that Caldwell and Thompson?
found that 2,5-bis(dimethylaminomethyl)hydro-
quinone was obtained when hydroquinone was
condensed with the stoichiometric quantities re-
quired for the desired corresponding tris compound.
They pointed out that hydrogenation of tris(di-
methylaminomethyl)hydroquinone would provide
a convenient route to trimethylhydroquinone,

(3) W, T, Caldwell and T, R. Thompson, J. A4m, Chem, Soc., 61,
765 (1939).



