
302 

PHENYLHYDRAZONO-PHEN TAUTOMERISM. 
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INTRODUCTION 

In prior publications1*2, we reported the preparation, from nzyo-inositol, of 

xylo-4,5,6-trihydroxy-2-oxo-1,3-bis@henylhydrazono)cyclohexane (1) and showed 

that it exists in a red fo_m and in a yellow form. In the preceding paper2, we pointed 
out that certain previously known, crystalline, oxo-bis@henylhydrazono) compounds, 
when prepared under mild conditions, are yellow, but change to dark red on standing 
or on heating in toluene, and we suggested that 1 and also these other compounds 
undergo a tautomeric reaction such as that depicted in Fig. 1. We further suggested 

Fig. 1. Tautomerism of 2-oxo-1.3-bis(phenylhydrazones). 

that the red forms have an enolic, phenylhydrazono-phenylazo resonance-structure 
(lb), whereas the yellow forms have a normal phenylhydrazono structure (la). 

We have now prepared and studied the foliowing, previously known oxo-bis- 
(phenylhydrazono) compounds: 2-oxo-1,3-bis@henylhydrazono)cyclohexane3 (2), 
2-0x0-1,3-bis(phenylhydrazono)cyclopentane4 (3), 3-oxo-2&bis(phenylhydrazono)- 
cyclohexane-1-carboxylic acid5 (4)) 2-0x0-1,3-bis@henylhydrazono)inda# (5), and 
2-oxo-l,3-bis~phenylhydrazono)propane7*8~g (6). The structures and properties of oxo- 
bis(phenylhydrazono) compounds have been the subject of numerous prior investi- 
gations3-18, but heretofore, the structures of 1-6 have not been rigorously determined. 

*For purposes of comparison, the compounds are considered as 2-oxo-1,3-bis(phenylbydrazono) 
derivatives, even though, in their systematic names, the groups may be otherwise designated. 
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In fact, 3 has been reportedlg, without proof, to be a 3-oxo-1,2-bis(phenylhydrazono) 
compound, rather than a 2-0x0-l,3-bis@henylhydrazono) compound. In the present 
paper, the structures of the compounds were studied by measurement of n.m.r- 
spectra and by comparison of their U.V. and visible spectra with those of compounds 
of known structure. Certain parameters for correlation of spectra and structure have 
been found, and specific structures have been assigned to the compounds of interest. 
For simplicity of representation, only one enolic structure for each of the compounds 
l-6 is shown, although all possible enolic resonance forms corresponding to lb 

should be considered possible for the compounds. 
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DISCUSSION 

Red and yeHow forms of 2-oxo-I,3-bistjhenylhydrazono) compounds 
The u. v. and visible spectra of the red forms of compounds l-6, given in Table I, 

show three main regions of absorption*, namely, at 243-251 mu (e N20,000), 282- 
289 nm (C ~5,000), and 432-488 nm (.e -35,000). The similarity of the absorption 
spectra indicates that all of the compounds have like chromophores, and consequently, 
similar structures for the phenylhydrazono moieties. 

The deep-red color of the compounds, and especially the high intensity of the 
absorption band at 432-488 run cannot be explained by the presence of a phenyl- 
hydrazono, or a simple phenylazo, chromophorezo. The spectra suggest that each of 
the compounds has a phenylhydrazono group and a phenylazo group in a conjugated 
resonance structure. The diphenylformazans of sugars’l have a phenylhydrazono 

*The ultraviolet peaks are given as the wavelength (A> in nanometers (nm), formerly called milli- 
microns (mp); 1 nm = lo+ m. 
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group and a phenylazo group attached to the same carbon atom, presumably in a 
resonance state. Because of the similarity of the resonance structures, the 2-0x0-1,3- 
bis(phenylhydrazones) and the diphenylformazans of sugars would be expected to 
show similar U.V. and visible absorption. In agreement with this expectation, D- 

mannose N,N-diphenylformazan (7) gave three intense absorption bands in the regions 
characteristic of the red forms of compounds l-6 (see Table I). The marked similarity 
in the absorption spectra of the 2-oxo-1,3-bis(phenylhydrazono) compounds and of 
the formazans clearly supports the enolic, phenylhydrazono-phenylazo structure 
proposed. The structure was further supported by comparison of the u. v. and visible 
spectra of the compounds with the spectrum of l-phenylazo-3-phenylhydrazono- 
1-cyclohexene (8). This compound was originally prepared by Merlin$‘, who suggested 
that it has a phenylhydrazono group in conjugation with a phenylazo group. We have 
repeated the preparation of 8 and find that it shows u. v. and visible absorption bands 
similar to those listed for D-mannose NJV-diphenylformazan and for the red forms of 
compounds l-6. 

Product 2, prepared from 1,2,3-cyclohexanetrione and phenylhydrazine under 
r&l conditions, crystallized from aqueous ethyl alcohol in the form of a yellow 
hydrate (2a). A freshly prepared, ice-cold solution of 2a in aqueous ethyl alcohol 
shows an absorption band at about 400 run that shifts rapidly to a longer wavelength 
(about 470 nm). The solution, after equilibration and evaporation, yields red crystals 
of 2b. We could not obtain crystalline hydrates of other 2-oxo-bis(phenylhydrazono) 
compounds, but, in each instance, the product prepared under mild conditions was 
yellow or orange, and became dark red on recrystallization. The relative stability of 
the red and yellow forms of the several 2-oxo-1,3_bis(phenylhydrazones) seems to 
vary widely. 

The bis@henylhydrazone) of 1,2,3-cyclopentanetrione (3) separated from aque- 
ous ethyl alcohol in orange-colored, anhydrous crystals, slightly soluble in toluene. 
The freshly prepared toluene solution is yellow-orange, but turns red on standing. 
Evaporation of the red solution gives dark-red crystals of the enolic form, 3b. The 
products obtained by recrystallization from ethyl alcohol varied widely and appeared 
to be mixtures. 

It has been reported by others 23-25 that the phenylhydrazono structure is 
ordinarily favored over the phenylazo structure. In solution, however, the relative 
stability of the two forms may depend on the formation of complexes and on the 
polarity of the solventz6. 

A comparison of the infrared spectra of the yellow hydrate 2a and the red 
form 2b reveals signilicant differences; thus, 2a shows the following characteristic 
absorption bands*: 2.82 ,um (O-H); 3.00 pm (N-H); 6.10 pm (C=N); and 6.48 pm 
(N-H bending). In marked contrast, 2b does not show these bands, but shows a new 
bandat 6.36 pm which may be attributed to the -N=N- vibration27*30. This absorp- 

*me infrared absorption bands are given as the wavelength (A) in micrometers (pm), formerly called 
microns (~4); 1 pm = lo+ m. 
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tion band and the lack of absorption bands characteristic of C=O, C=N, and N-H 
(bending) support the enolic, phenylhydrazono-phenylazo structure proposed for 2b. 

The infrared spectra of the red forms of 1 and 3-6 all show a band at 6.32 to 
6.44 jnn, attributed to the -N=N- vibration, but they also show weak bands at 2.88 
to 3.00 pm, corresponding to N-H vibrations, at 6.45 to 6.58 m attributed to N-H 
bendin~1~33, and a band at 6.10 pm (C=N). These bands are not shown by 2b 

(in which the normal N-H vibrations may be restricted by the highly stable, chelate 
structure). It thus appears that 2b was isolated in the pure, chelate form, whereas 
compounds 1 and 3-6 contain minute proportions of the hydrazono form. 

The structure of compound 2 is particularly favorable for chelation, because the 
phenylhydrazono and 0x0 groups are in position to form a resonance structure 
without steric hindrance or ring strain. The steric factors are not quite so favorable for 
compounds 1,3,4,5, and 6, and this fact may account for the presence of N-H bands 
in their i.r. spectra. With compound 2, the resonance energy may be sufficient to 

TABLE II 

NUCLEAR hfAGNETIC RESONANCE SPEClRA OF 2-0X0-1,3-BIS(PHENYLHYDRAZON0) COMPOUNDS AND 

RELATED COMPOUNDS” 

Compound Soluent Cbelufed N-H Nonchelated N-H OtJler pertinent signals 

1 p-dioxane 

1 Me&O 

2 CDCis 
2 MenSO 

43 
5 

7" 
10 

11 
14 

14 MeaS 13.25 

18 CDCb 

19 p-dioxane 

20 

21 

MenSO 
MenSO 

Me&O 
p-dioxane 

p-dioxane 
MezSO 

Me&O 12.86 
p-dioxane 13.20 

MezSO 

CDCb 

14.30 
12.32 
14.40 
14.28 
13.98 
14.46 
14.12 
13.70 
14.30 
14.GO 
12.80 
13.90 

12.64 
(12.60)" 

13.54 
12.75 

12.55 

11.85 

13.75 
12.80 

(13.34)” 

10.86 
11.42 

10.00 

10.30 
10.43 

9.91 

10.45 
(11.5o)b 
10.40 
9.40 

10.90 

10.80 

10.80 9.91(COBH) 

10.20 (COzH) 

7.90 (methine) 

7.83 (metbine) 

8.10 (methine) 
9.50 (aldehyde) 
8.18 (methine) 
9.50 (aIdehyde) 

8.20 (methine) 

GAlI resonance positions are given as p.p.m. downfield from internal tetramethylsilane (&scale); 
the average deviation is fO.l p.p.m. *Signal observed after equilibration. 
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hybridize the phenylhydrazono-phenylazo moieties completely. Presumably, the 
electron-withdrawing power of the carbonyl group is a driving force for the formation 
of the resonance structure depicted in lb. 

To obtain additional information concerning the structures, the n.m.r. spectra 
of the 2-0x0-1,3-bis(phenylhydrazono) compounds were compared with the spectra 
of compounds having somewhat similar features (see Table II). In each instance, the 
spectrum in p-dioxane, chloroform-d, or methyl sulfoxide shows a strong signal 
(12.55 to 14.46 p.p.m.) indicative of a chelated N-H group. Compound 2 was studied 
in considerable detail, because it does not have substituent groups that complicate 
interpretation of the spectrum, and it is readily prepared and purified. 

The n.m.r. spectrum of compound 2 in chloroform-d (see Fig. 2) shows multi- 
plets centered at 1.9 p.p.m. (the four protons on C-4 and C-6), at 2.62 p.p.m_ (the 
two nonequivalent protons on C-5), and at 7.28 p.p.m. (the protons on the phenyl 
ring). The nonequivalence of protons on C-5 probably arises from axial and equatorial 
attachment and the spin-spin interaction with the protons on neighboring atoms C-4 
and C-6. The spectrum also shows a strong signal at 13.98 p.p.m., indicative of an 
intramolecular bond between the imino hydrogen atom of the phenylhydrazono group 
and the carbonyl oxygen atom The spectrum does not, however, show any signals 
typical of a free imino proton. This fact and the absence, in the infrared spectrum of 2, 
of absorption characteristic of N-H, C = 0, or O-H groups support the enolic phenyl- 
hydrazono-phenylazo structure in which the imino hydrogen atoms of the phenyl- 
hydrazono groups are alternately joined with the oxygen atom. An approximate 
calculation of the intensity of the n.m.r. signal of 2 at 13.98 p.p.m. in chloroform-d 
suggests that the two protons are involved but cannot be resolved. In a polar solvent, 
however, the two forms of the compound may exist as separate entities. In fact, the 
n.m.r. spectrum of 2 in methyl sulfoxide shows two low-field signals; a relatively 
strong signal at 14.46 and a weaker signal at 14.12 p.p.m. This result is in accordance 
with the chelate rings depicted in the structures shown in Fig. 1. Addition of a few 
drops of methyl sulfoxide to a probe of 2 in chloroform-d produces (by means of a 
solvent shift) two distinct peaks from the (otherwise submerged) low-field signal 
observed at 13.98 p.p.m. for 2 in chloroform-d. 

Related phenylhydrazono and phenylazo compounds 
Further insight into the structures of compounds l-6 was obtained by study of 

certain compounds having related phenylhydrazono and phenylazo structures 
(formulas 9-14). 

myo-Inosose-2 phenylhydrazone (9) (a typical phenylhydrazone) shows two 
absorption bands in the u.v., and none in the visible region. Glyoxal bis(phenylhydra- 
zone) (lo), the simplest acyclic bis(phenylhydrazone), shows two bands in the U.V. 
region and one in the visible region at 372 nm33S34. The cyclic compound, D-myo-inos- 
ose-1 phenylosazone (11) also shows three bands, but at somewhat longer wavelengths 
than those for the acyclic compound 10. 

Simple phenylazo compounds give a low-intensity band at 380 to 415 nm 

CurMf;~. Res., 5 (1967). 30&319 
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6 -IO-250), but the presence of a conjugated double bond causes a bathochromic 
shift and an increase in the extinction coefficient. Thus, phenylazomethane and 1,2- 
diphenyl- 1 ,2-bis(phenylazo)ethane3 5 absorb at 403 and 404 nm, respectively. In 

N-N 
/H 

‘Ph 

HO 

9 

H\ /Ph 

‘i’ 
N 
NCH G== 

I 
HC 

\ 

!, to 

Ph”H 

HC’N=NPh 

II 

PhN=N 
7 

11 
12 

H\ lPh 
r 

HCHN’y-l 

1 I 
H=\,/“, 

Ph 

HCN=‘NPh 

II 
CH 
I 

AcOC1-i 
I 

HCOAc 
I 

H LN/Ph 

I 

H;rN‘-l 

I-K’ ‘N’ ‘Ph 
\b 

HkOAc 
I 14 

CH*OAc 

13 

marked contrast, 1,2-bis(phenyIazo)ethylene 36 (12) gives a high-intensity band at 
466 nm (e N 1,500). This is in accordance with the observations that the azo group is 
iso-n-electronic with the vinyl groupj7 and that the conjugation of two electronically 
equivalent cbromophores gives rise to a high-intensity band (K band)38. A conjugated 
phenylazo chromophore in compounds l-6 may account, in Iike manner, for the 
high-intensity absorption band at 430-490 mn. 

Comparison of the U.V. spectrum of the acyclic compound 6 with the spectra 
of the cyclic compounds l-5 reveals that conjugation of a phenylazo group in the 
acyclic compound 6 produces less bathochromic shift and a lower extinction coeffi- 
cient than conjugation in the cyclic compounds. Other conjugated azo structures 
show similar effects. Thus, the acyclic compound 13, first prepared by Wolfram 
and co-workers3’, shows a band at 425 nm (s ~350), whereas the cyclic compound 8 
shows a band at 487 nm (s N30,000). Likewise, in the visible region, compound 6 
shows lower absorption than cyclic compounds l-5. In the latter compounds, the 
phenylhydrazono groups are held in a fixed and favorable position for forming a 
resonance structure, whereas, in the acyclic compound 6, the phenylhydrazono groups 
may assume a less favorable position. Hence, the effect of conjugation is greater for 
the cyclic compounds. 

In addition to a U.V. absorption band at 302 nm (previously reported for 13 by 
Wolfram and co-workers34 and the band at 425 nm reported here, compound 13 
shows a characteristic triplet: I.:;:” 222.5 (EN 1 l,OOO), 227.5 (e N 12,600), and 233 mn 
(s N10,800). These characteristic bands may be used for detection of the structure 
-CCC-N=N-Ph in other compounds. 
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The n.m.r. spectrum of 10 after equilibration (see Table II), in agreement with 
the observations of Chapman and co-workers40, gave evidence for the existence of a 
chelated and a nonchelated N-H group. The n.m.r. spectrum of 11 in methyl sulfoxide 
shows a signal at 12.86 p.p.m., thus confirming the chelate ring-structure, analogous 
to the structures reported for the phenylosazones of the sugars40-42. 

The poirrts of attachment of the phenylhydrazono groups in compounds 1 and 
6 had previously been established 2*8Sg by reliable chemical methods; the phenylhydra- 
zono groups in compounds 2, 3, 4, and 5 are now assigned to C-l and C-3 from the 
similarity of the spectra of the compounds to the spectra of compounds 1 and 6. 
The compounds were prepared by treatment of the triones with phenylhydrazine and, 
in each instance, the phenylhydrazono groups could have entered at C-l and C-2, 
or at C-l and C-3. It was, therefore, of interest to study the spectra of a 3-0x0-1,2- 
bis@henylhydrazono) derivative. For this purpose, we prepared mesoxalaldehyde 
1,2-bis(phenylhydrazone) (14), a compound originally reported by Chargaff and 
Magasanik43 and investigated by El Khadem and Abdel Rahmar~~~. The U.V. and 
visible spectra of 14 vrere found to be in agreement with those reported by the above 
authors, except for a broad band at 251 nm not reported by them 44. The spectrum 
of 14 in the visible region shows absorption bands at 315 and 418 nm, whereas the 
spectra of the 2-oxo-l,3-bis@henylhydrazono) derivatives show a single band at 
432-487 nm. The two bands at lower wavelength, instead of one band at bigher 
wavelength, serve to distinguish the 3-oxo-1,2_bis(phenylhydrazono) from the 2-0x0- 
1,3-bis(phenylhydrazono) derivatives. The n.m.r. spectrum of 14 in methyl sulfoxide 
(and in p-dioxane) agreed with that of El Khadem and Abdel Rahman44. 

The properties of 14 are of particular interest with reference to certain phenyl- 
hydrazono compounds of unknown structure prepared from the following hetero- 
cyclic triones: tetrahydro-S-hydroxy-5,6-diphenylpyran-2,3,4-trione (15), alloxan 
X6), and dehydro-L-ascorbic acid (17). 

1s 16 OH 

17 

The red bis(phenylhydrazone) of 15 melted at 231-232”, as reported16; it 
showed AzzH 238 (e ~19,300), 261 (c ~21,600), 293 (e -18,700), 356 (c -9,800), 
and 456 nm (s - 16,500). However its i-r. spectrum showed strong carbonyl absorption 
at 5.82 and 5.98 q. Treatment of the bis(phenylhydrazone) with phenylhydrazine at 
130” produced a slightly pinkish, crystalline product, m-p. 268-270”, that differed 
widely from the yellow tris(phenylhydrazones) prepared from 1,2,3-triones (com- 
pounds 18-21). Thus, the bis(phenylhydrazone) of 15 must have a structure different 
from the enolic phenylhydrazono-phenylazo structure of the red forms of compounds 
1-6. 
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Treatment of alloxan with phenylhydrazine gave a rearranged product pre- 
sumably similar to the ring-contraction products reported to result from the reaction 
of dloxan with aliphatic or aromatic amiues 45 Treatment of dehydro-L-ascorbic . 

acid with phenylhydrazine gave two products, in agreement with reported work4(j. 
Neither of these was analogous to the 1,3_bis(phenylhydrazones) 1-6. 

Tris(phenylhydrazono> compounds 
To obtain a more complete understanding of chelated phenylhydrazono struc- 

tures, the tris(phenylhydrazono) derivatives depicted were prepared. These derivatives 
are related, respectively, to the 2-oxo-1,3-bis(phenylhydrazono) compounds 24, and 6. 

HNPh 
I 
N---H 

G 

\ 
N-Ph 

/ 
N. 

\ 

7 
N-N 

\ 
Ph 

18 

Ph’ 
!-I 

21 a 

HNPh 

Ph 
19 

HNPh 
I 

N---J-l 

’ \N-Ph UC 

/ H 
Ph . 

21b 

The n.m.r. spectrum of 18 in chloroform-d (see Fig. 3) shows two low-field 
signals, at 13.54 and 12.75 p-p-m., that are slowly exchangeable with deuterium (l&O); 
these results indicate the presence of two chelated rings, as depicted in the formula. 
In chloroform-d, the signal for the free imino proton was submerged with the signals 
for the protons of the phenyl group. 

The n.m.r. spectrum of 19 in p-dioxane shows signals at 12.55 and 11.85 p.p.m., 
ascribed to two chelate rings, and a signal at 10.80 p.p.m. readily exchangeable with 
deuterium at room temperature, which is ascribed to the nonchelated, imino proton. 
Compound 20 in methyl sulfoxide shows signals at 13.75 and 12.80 p.p.m. ascribed to 
the presence of two chelate rings, and a signal at 10.80 p-p-m. ascribed to a non- 
chelated, imino proton. The signal at 9.91 p.p.m. readily exchangeable with deuterium 
(J&O) is ascribed to the proton of the carboxyl group. 

El Khadem and Abdel Rahman44 have reported that 1,2,3-tris(phenylhydra- 
zono)propane (21) gives n.m.r. signals in methyl sulfoxide at 10.22, 10.83, and 
12.51 p.p.m. corresponding, respectively, to the presence of two nonchelated, imino 
protons and one chelated proton. We find that the n.m.r. spectrum of 21 in chloro- 
form-d does not show any low-field signals immediately after dissolution, but, after 
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a few minutes of equilibration, a weak, low-field signal develops at 13.34 p.p_m., 
indicating chelate-ring formation. The signal is not readily exchangeable with deu- 
terium (DZO) at room temperature; this suggests that 21 in chloroform-dmay establish 
an equilibrium containing forms 21a and 21b, analogous to equilibrium mixtures 
reported by Chapman and co-workers 40 for certain 1,2-bis@henylhydrazones). 

The visible spectrum of 21 in ethanol shows a strong absorption band at 408 nm 
(see Table IFI) that may indicate that the compound undergoes further isomerization 
in polar solvents. 

EXPERIMENTAL 

Prior to analysis, all compounds were dried for 4 h at 25”/0.1 mm over phos- 
phorus pentaoxide, unless otherwise stated. Melting points were observed in Pyrex* 
capillary tubes and are uncorrected. Ultraviolet and visible spectra were recorded 
with a Beckman DK-2 recording spectrophotometer*. Infrared spectra were determined 
in potassium chloride pellets, and in Nujol” or fluorocarbon mulls by use of a Perkin- 
Elmer “Infracord” Spectrophotometer, Model 137* ; they are reproduced in a separate 
publication4’. 

The n.m.r. spectra were measured with a Varian A-60 spectrophotometer* 
(sample temperature, 25-35”); all resonances are expressed as p.p.m. downfield from 
internal-reference tetramethylsilane (TMS) (a-scale). p-Dioxane (commercial grade) 
was distilled from a small proportion of lithium aluminum hydride, and stored over 
molecular sieves prior to use. Methyl sulfoxide (reagent grade) was dried over molec- 
ular sieves for at least a week prior to use. Chloroform-d (commercial, spectrographic 
grade) and deuterium oxide were used without purification. 

xylo-4,5,6-Trihydroxy-2-oxo-I,3-bis(phenylhydrazono)cyclohexa~ (1). - Com- 
pound 1 was prepared from “xylo-4,5,6_trihydroxycyclohexenediolic acid” by a 
procedure reported elsewhere ‘*‘. Compound 1 failed to produce the expected tris- 
(phenylhydrazone) when heated with phenylhydrazine for 90 min at 145” by the 
procedure described for compound 18. 

2-Oxo-1,3-bis(phenyihydrazono)cycZohexane (red form) (2b). - To a solution of 
dihydropyrogallol(2,3-dihydroxy-2-cyclohexen-l-one, prepared by catalytic reduction 
of pyrogallo13*48) in 300 ml of 4% aqueous acetic acid was added a saturated solution 
of iodine Lprepared from iodine and 1:4 (v/v) glacial acetic acid-methanol] until a 
trace of free iodine remained. The excess of iodine was removed by cautious addition 
of a small quantity of the parent compound, and the solution was filtered through a 
thin layer of a decolorizing carbon. The colorless solution, containing 1,2,3-cyclo- 
hexanetrione, was treated with 10 ml of phenylhydrazine in 10 ml of methanol at 
60-70”. The resulting, cherry-red product was twice recrystallized from warm methanol. 

*Mention in this article of certain commercial instruments or chemical compounds does not con- 
stitute endorsement by the National Bureau of Standards. 
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The yield of 2b, as lustrous, dark-red prisms, was 0.35 g, m-p. 132-133”; lit3 m-p. 
131-132.5”. 

Anal. Calc. for CIgH18N40: C, 70.56; H, 5.92; N, 18.29. Found: C, 70.28; 
H, 5.85; N, 18.09. 

Hydrated 2-oxo-1,3-bis(phenyIhydrazono)cycZohexane (2a). - Dihydropyro- 
gall01 (5 g) was dissolved in 300 ml of 4”/0 aqueous acetic acid and oxidized with iodine 
by the procedure given for the preparation of 2b. The colorless solution containing 
1,2,3-cyclohexanetrione was cooled to 0”, and 15 ml of phenylhydrazine in 15 ml of 
methanol, and 8 g of sodium acetate triacetate in 50 ml of cold water, were added with 
stirring. After 30 min at 0”, the light-orange precipitate was removed, and washed 
with cold water. The damp, crude product was quickly dissolved in warm, 95% 
ethanol, and the solution was filtered, and cooled quickly. The resulting, light-yellow 
needles were collected by filtration, washed with cold, 50% aqueous ethanol, and 
dried for 3 h at 25”/0.1 mm; yield 7 g; m.p. 130” (red melt, apparently anhydrous 2b). 

Anal. Calc. for C!,sH,,N~O,: C, 66.65; H, 6.22; N, 17.27. Found: C, 66.67; 
H, 6.18; N, 17.40. 

Recrystallization of the hydrate 2a from hot ethanol yielded red, anhydrous 2b. 
Stored in a closed bottle, the crystalline hydrate retained its yellow color for months 
without appreciable loss of water of crystallization or change in i.r. spectrum. 

1,2,ETris(phenyZJzydrazono)cycZoJzexane (18). - A suspension of 0.15 g of crude- 
2b and 2 ml of phenylhydrazine, in a test tube protected from the atmosphere, was 
heated in an oil bath for 1 h at 130-140”. The brownish yellow solution was then 
cooled, diluted with 2 ml of ethanol, and poured (with stirring) into 150 ml of cold, 
4% aqueous acetic acid. The resulting bright-yellow precipitate was stirred for 1 h, 
titered off, and washed with cold, 25% aqueous ethanol, to yield 100-200 mg of 18; 
it was recrystallized from ethanol, or aqueous ethanol, and dried in a vacuunr desic- 
cator to constant weight; yellow needles, m.p. 185-186”, lit3. m.p. 186”. 

Anal. Calc. for CZ4HZ4Ns: C, 72.70; H, 6.10; N, 21.20. Found: C, 72.77; 
H, 6.02; N, 21.04. 

2- Oxo-I,3-bis@JzenyZJtydrazono)cycZopentane (red form) (3b). - Reductic acid 
(2,3-dihydroxycyclopenten-l-one) (1 g) in 100 ml of 5% aqueous acetic acid was 
oxidized with iodine by essentially the procedure given for preparing 2. The colorless 
solution containing 1,2,3-cyclopentanetione was treated at 65-75” with 2 g of sodium 
acetate trihydrate and 2 ml of phenylhydrazine in 2 ml of methanol. The resulting 
2-0x0-l,3-bis(phenylhydrazono)cyclopentane, brownish red leaflets, was recrystal- 
lized twice from hot ethanol and once from hot toluene. The product was dried 
for 2 h at 100°/O.l mm; yield 1.1 g of lustrous, reddish bronze leaflets, m.p. 247-249”; 
lit4 m.p. 247.5-248.5”. 

Anal. Cak. for C,,HIBN40: C!, 69.84; H, 5.52; N, 19.17. Found: C, 69.70; 
H, 5.62; N, 19.42. 

On heating compound 3b with phenylhydrazine for 1 h at 145” by the procedure 
described for the preparation of 18, 1.2,3-tris(phenylhydrazono)cyclopentane (19) 
was formed; yellow-orange prisms, m-p. 206-208”; litP m.p. 207-208”. 
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2-Oxo-1,3-bis(phenyihydrazono)cycIopentane (orange-yellow form) (3*)_ -. Re- 
ductic acid (2 g) in 75 ml of 4% aqueous acetic acid was oxidized with iodine by the 
procedure used for preparing the red form, 3b. The clear solution containing 1,2,3- 
cyclopentanetrione was cooled to 0”, and 150 ml of crushed ice, 3 ml of phenyl- 
hydra&e in 3 ml of methanol, and 3 g of sodium acetate trihydrate, were successively 
added with continuous stirring. After 15 min at O”, the orange-yellow crystals were 
separated by filtration, washed with aqueous methanol, and dried for 3 h at 
25”/0.1 mm; the yield of3* was 3-3.5 g. 

Anal. Calc. for C17H16N40: C, 69.84; H, 5.52; N, 19.17. Found: C, 69.68; 
H, 5.47; N, 19.35. 

The i.r. spectrum of the orange-yellow form of 3* was found to be essentially 
the same as that of the reddish bronze form 3b (see Table Il). 

3-Oxo-2,4-bis(phenyZ~zydrazono)cyclohexaize-l-carboxylic acid (4). -The starting 
material, dihydrogallic acid, was prepared according to the procedure of Mayer and 
co-workers’, except for the isolation of the product, which was conducted as follows. 
The crude product (80-85 g) obtained by reduction of 100 g of gatic acid was sus- 
pended in 150 ml of ice-water, and the suspension was vigorously stirred for 20 min at 
3-5”, and filtered. The filtrate, on being kept for 24 h at 3”, deposited crystals. The 
process was repeated with the original, crude mixture in 150 ml of ice-water_ The 
crystalline product from two extractions was combined, and dissolved in SO-175 ml 
of warm water; the solution was decolorized with carbon, the suspension filtered, and 
the filtrate kept for 24-48 h at room temperature. The thick prisms of dihydrogallic 
acid that separated were washed with ice-cold water, and dried in uacuo at room 
temperature; yield 6-8 p, m-p. 192-193”; lit.’ m-p. 192-193”. By concentration of the 
mother liquor and further extraction, the yield of product was raised to 10-12 g. 

For the preparation of 4,1 g of dihydrogaliic acid was oxidized with iodine, and 
the resulting trione was condensed with phenylhydrazine at 80-90” by the procedure 
given for the preparation of 2. The resulting, orange-red product (1.3 g) was recrystal- 
lized twice from warm ethyl acetate; m-p. 222-223”; IL5 m-p. 221-223”. 

Anal. Calc. for C19H18N403: C, 65.15; H, 5.18; N, 15.98. Found: C, 65.20; 
H, 5.10; N, 15.88. 

On heating compound 4 with phenylhydrazine for 90 mio at 155-160”, 2,3,4- 
tris@henylhydrazono)cyclohexanecarboxylic acid (20) was formed; yellow prisms 
(ethanol), m-p. 232-234”; lit.’ m-p. 234-235”. 

Anal. Calc. for CZ5H,,N,0,: C, 68.16; H, 5.49; N, 19.08. Found: C, 68.28; 
H, 5.66; N. 19.32. 

(2-Oxo-1,3-bis(phenyIhydrazono)indan (5). - Compound 5 was prepared by 
the reaction of ninhydrin (1,2,3-indantrione monohydrate) with phenylhydrazine in 
75% aqueous acetic acid by the method of Ruheman#. Crude 5 was twice recrystal- 
lized from hot ethanol (950 ml per g); orange-red needles, m-p. 207-209”; liL6 207- 
208”. 

*Possibly a mixture of two anhycirous forms. 
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Anal. Calc. for C,,HIBN,O: C, 74.10; H, 4.74; N, 16.46. Found: 74.04; 
H, 4.60; N, 16.60. 

When heated with phenylhydrazine for 90 min. at 155”, compound 5 failed 
to give the expected tris(phenylhycirazone). 

2-Oxo-I,Ebis(phenyZhydrazono)propane (6). - 3-Oxoglutaric acid, prepared 
by the method of Adams and co-workers4’, was oxidized with benzenediazouium 
chloride by published procedures with slight modification. Au ice-cold solution of 
benzenediazonium chloride (from 18.7 g of aniline, 80 ml of 6~ hydrochloric acid, 
and 14 g of sodium nitrite in 400 ml of water) was added dropwise, with stirring at 0”, 
to 16 g of 3-oxoglutaric acid in 80 ml of water. Sodium acetate trihydrate (55 g) in 
100 ml of water was then added, and the temperature was slowly raised to 50”. Rapid 
evolution of carbon dioxide occurred, followed by crystallization of 6. For analysis, 
and study of its spectra, the compound was recrystallized from acetone; m.p. 174 
175”; lit7 m-p. 171-173”, lit.’ m.p. 175-176”. 

Anal. Calc. for C15H14N40: C, 67.65; H, 5.30; N, 21.04. Found: C, 67.85; 
H 5.45; N, 21.20. 

When compound 6 was heated with phenylhydraziue for 1 h at 130°, 1,2,3-tris- 
(phenylhydrazono)propane (21) was formed; after recrystallization from ethanol, it 
had m-p. 166”; litP3 mp. 167”, lit.& m-p. 168”. 

D-Mm?nose dipJzenyIformazan (7). - This compound, m-p. 174-17Y, was pre- 
pared and purified according to the procedure of Mester21. 

I-Phenylazo-3-phenyZhydrazonocycZoJzexene (8). - The compound was prepared 
by the procedure of Merliug22, and puriiied by column chromatography [silica gel, 
1:l (v/v) acetic acid-benzene]. 

myo-lnosose-2 pJzenyZhydrazone (9)_ - The compound was prepared by treat- 
ment of nzyo-inosose-2 with phenylhydrazine by the procedure of Postemak”; 
recrystallization from methanol yielded colorless crystals, m-p. 174-176”; Us1 m.p. 

174-176”. 
GIyoxaZ 1,2_bis(phenyZhydrazone) (10). - The compound was prepared by the 

standard method from commercial, 50% aqueous glyoxal and phenylhydrazine at 
room temperature. The crude product was recrystallized several times from methanol; 
lustrous crystals, m.p. 169-170”; lit.‘l m.p. 169-170”. 

D-myo-lnosose-l plzenylosazone (11). - D-myo-Iuosose-1 was prepared by 
catalytic oxidation of Zero-inositols2, and converted into D-myo-inosose-1 phenyl- 
hydrazone. From the latter compound, the phenylosazone was prepared by oxidation 
with air in the presence of phenylhydrazinium acetate, as described by Carter and 
co-workerss3 and by Magasanik and Chargaffs for the preparation of the corre- 
sponding L isomer. The crude product was purified by recrystallization from 2:1:5 
(v/v) water-pyridine-2-methoxyethanol, to give yellow needles, mp. 207-209”; lit.54 
m.p. 217”; 210”. 

1,2-Bis(phenyZazo)e?JlyZene (12). - Compound 12 was prepared by a slight 
modification of the procedure of von Pechmaun ” A mixture of 5 g of 10, 6 g of _ 
potassium dicbromate, and 5 ml of glaciaI acetic acid in 50 ml of water was rapidly 
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heated to 95”, and kept at this temperature for 5 min. Heating was discontinued, 
and the reaction mixture was kept for 24 h at room temperature. The dark product 
was filtered off, washed with water, and dried. It was triturated with cold acetone 
(25 ml), and the suspension was filtered, to yield 0.8-1.0 g of crude product. Puri- 
fication by column chromatography (neutral alumina, chloroform), followed by 
recrystallization from methanol and acetone, yielded lustrous, dark-red plates, m-p. 
149-150”; lit.” m.p. 152’, lit.36 m-p. 150’. 

6- Phenylazo-tram-5-hexene-mlyxo-i,2,3,4-tetro2 tetraacetate (13) (D-arabino- 
3,4,5,6-tetraacetoxy-I-phenyIazo-trans-I-hexene). - This compound was prepared 
by the procedure of Wolfrom and co-workers”. 

Mesoxalaldehyde 1,2&s(phenyZhydrazone) (14). - The compound was prepared 
according to the procedure of Chargaff and Magasanik43, and was recrystallized from 
aqueous ethanol, to give light-orange-yellow needles, m-p. 196-198” (dec), litP3 
m-p. 198”. 

Bis(phenyZhydrazone) of tetralzydro-5-hydroxy-5,6-diphenylpyran-e. - 

The bis(phenylhydrazone) of 15, having an unknown structure, was prepared, by the 
method of Dahn and Hauth 16, from 15 and phenylhvdrazine. The reddish orange _ 
product was purified by recrystallization from absolute ethanol, to give orange-red 
crystals, m-p. 230-231” (dec); lit-l6 m.p. 230-232”. 

Anal. Calc. for C,,H,,N,O,: C, 73.09; H, 5.08; N, 11.76. Found: C, 72.90; 
H, 5.22; N, 11.70. 

SUMMARY 

The structures of xylo-4,5,6-trihydroxy-2-oxo-1,3-bis(phenylhydrazono)cyclo- 
hexane (l), 2-oxo-1,3-bis(phenylhydrazono)cyclohexane (2), 2-oxo-1,3-bis(phenyl- 
hydrazono)cyclopentane (3), 3-oxo-2,4-bis(phenylhydrazono)cyclohexane-l-carboxylic 
acid (4), 2-0x0-1,3-bis(phenylhydrazono)indan (5), and 2-0x0-1.3-bis(phenylhydra- 
zono)propane (6) were studied by comparison of their n.m.r., u.v., visible, and i.r. 
spectra with the spectra of reference compounds of known structures. The results 
showed that compounds l-6 exist in two forms. The red forms have an enolic (chelated) 
phenylhydrazono-phenylazo structure. A similarity of the compounds to the diphenyl- 
formazans is noted, and substantiated by a comparison of absorption spectra. 
Compound 2 crystallizes from aqueous ethyl alcohol in the form of a yellow hydrate 
shown to have a phenylhydrazono structure. On dehydration, the yellow hydrate 
yields the red enolic form. 

The n.m.r. spectra of 1,2,3-tris@henylhydrazono) derivatives of cyclohexane, 
cyclopentane, and cyclohexanecarboxylic acid show two low-field signals indicative 
of two chelated rings. Tris(phenylhydrazono)propane in chloroform-d shows no 
low-field n.m.r. signals immediately after dissolution, but, after equilibration, shows 
a weak, low-field signal; this suggests that the substance may establish an equilibrium 
analogous to the equilibria reported by others for phenylosazones. 
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