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A series of 37 aldehyde dimethylhydrazones have been prepared as isosteres of the tumor-growth retardant 3,3-dimethyl-2- 
phenyltriazene. Infrared absorption data clearly establish a band a t  1640-1590 cm.-' characteristic of the C=N linkage 
and, as the strongest absorption in the spectra, a band at 1070-960 cm. -1 which can be correlated with the electron releasing 
or electron attracting character of the substituents in the benzene ring of the aromatic aldehyde dimethylhydrazones. 

The observation that 3,3-dimethyl-l-phenyl- 
triazene, C~H&=N-N(CHB)~, is an effective 
material for the retardation of tumor growth1 
suggested that the isosteric grouping, >C=N-IS- 
(CH& might confer a similar activity on the 
aldehyde dimethylhydrazones in which the group 
is found. This class of compounds is practically 
completely unknown. The only previously recorded 
examples are the dimethylhydrazones of bena- 
aldehyde,2 p-isopropylbenzaldehyde,2 furfural,2 cy- 
clohexanal,2 formaldehyde,* and a~etaldehyde.~ 
Thirty-seven additional derivatives have now been 
prepared and their properties are described in 
the tables along with infrared absorption charac- 
teristics. 

The availability of infrared data for these com- 
pounds makes it possible to establish new struc- 
tural correlations for the atomic groups present. 
The series of aliphatic aldehyde dimethylhydra- 
zones all show an absorption in the 1610 cm.-l 
region which is attributable to the C=N stretching 
vibrations. This is apparently the first location of 
the frequency (C=N) in compounds containing the 
>C=N--N< group. In  the series of dimethyl- 
hydrazones of formaldehyde-acetaldehyde-acetone 
the band shifts from 1585 cm.-l to  1610 ern.-' 
to  1639 cm. -1. A similar shift occurs with increasing 
methyl substitution on the C=C band and can be 
attributed to either a weighting effect or the 
electron release characteristics of the methyl 
group. For the glyoxal derivative, the band is split 
into bands a t  1678 cm.-l and 1550 cm.-I, pre- 
sumably as a result of mechanical interaction or 
resonance between the two identical C=N bonds 
in which one band is raised, the other lowered with 
the average a t  1614 cm.-1.4 Conjugation with the 
benzene ring would probably place this absorption 
band in the 1590 cm.-l region which is interme- 
diate betmeen the 1600 cm.-l and 1580 em.-' 
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benzene C=C absorption bands. As a result the 
C-N band is obscured in the aromatic aldehyde 
derivatives, and a similar situation exists in the 
heterocyclic series. These types show two charac- 
teristic absorption bands a t  1613-1587 em. -l and 
1580-1555 cm.-l and, in about a fourth of the ex- 
amples, a third band a t  1681-1616 ern.-'. 

The presence of two absorption bands centered 
a t  about 1471 cm.-l and 1450 cm.-l in nearly all 
of the dimethylhydrazones are characteristic car- 
bon-hydrogen deformation modes associated with 
methyl (and methylene where present) groupings. 
These along with strong, characteristic C-H ab- 
sorption bands in the 2941-2778 em. -1 range are of 
confirmatory interest. Additional characteristic 
bands occurring in spectra of all types of dimethyl- 
hydrazones are found near 1282 cm. -1, 1136 cm. -I, 
and 870-905 cm.-l. The last probably results from 
contributions from the C-H out of plane defor- 
mation also characteristic of the aldehyde CHO 
group5 and the N-N stretching bandJ6 both of 
which are known to occur in this region. It is 
present in 36 out of 38 compounds. The two excep- 
tions are the acetaldehyde derivative and the 
acetone derivative. 

Perhaps the strongest, and therefore most 
characteristic, band observed with every one of the 
38 derivatives prepared is the 1066-963 cm.-l 
region. Shifts in this band can be correlated with 
the electron releasing and attracting nature of the 
substituents in the aryl groups. Such correlations 
have been recorded relating shifts in the carbonyl 
absorption band to Hammett sigma values for 
substituted benzoic acid,' dibenzoyl peroxides,s 
and acetophenones.9 Fig. 1 shows a plot of the 
wave length a t  which this absorption band occurs 
us. Hammett sigma values for fifteen m- and p -  
substituted aryl and the pyridine aldehydes. The 
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FIG. 1. INFRaRED ABSORPTION US. HA~IMETT Sigma VALUE 
FOR SUBSTITUTED ARYL DIMETHYLIIYDRAZOSES. 

presence of this strong band a t  965 cm.-', the 
highest value of the entire series, in acetone 
dimethylhydrazone, can be attributed to the 
electron release characteristics of the two methyl 
groups indicating the importance of hypercon- 
jugation structures. This is not, however, consistent 
with the observation that this band occurs a t  
1008 em. -l in formaldehyde dimethylhydrazone 
and 1028 cm. in acetaldehyde dimethylhydra- 
zone. One would expect a value for the formalde- 
hyde derivative below that for the acetaldehyde 
derivative. 

Preliminary incomplete data on the evaluation 
of these materials in tumor growth retardation 
studies have shown that pyridine-3-carboxalde- 
hyde dimethylhydrazone has a f, - rating a t  a 
dose level of 30 mg./kg. in tests on experimental 
mouse sarcoma 180.lo Tests with pyridine-2,6- 
dicarboxaldehyde dimethylhydrazone and with 
pyridine-4-carboxaldehyde methylhydrazone have 
shown =k (250 mg./kg.), - (125 mg./kg.) and 
*, ? (125 mg./kg.) ratings, respectively. Many of 
the others are toxic. These results do not establish 
either strong or consistent activity and additional 
testing to determine the meaning of these results is 
necessary. 

 EXPERIMENTAL^' 
Details of typical preparations of materials listed in the 

tables are given. The aldehydes, dimethylhydrazine, and 
methylhydrazine were obtained from commercial sources.12 
Most of the heterocyclic hydrazones re re  unstable and 
turned dark on standing. 

Isobutyraldehyde dimethylhydrazone. A solution of 7.0 g. 
(0.1 mole) of isobutyraldehyde and 7.0 g. (0.116 mole) o 
dimethylhydrazine was heated to reflux and cooled. Solid 
sodium hydroxide was added to induce the separation of 
two layers. The nonaqueous layer was separated and the 
treatment with solid sodium hydroxide was repeated until 
no aqueous layer separated. Distillation from sodium hy- 
droxide gave 7.0 g., 64%, of isobutyraldehyde dimethylhy- 
drazone, b.p. 125-127'. 

(10) The authors are indebted to Dr. C. C. Stock and 
Dr. D. A. Clarke, Sloan-Kettering Institute, for conducting 
these evaluations. The testing procedure and rating scale 
have been described by Stock et.  al., Cancer Research, Suppl. 
No. 1, p. 91 (1953) and Suppl. No. 2, p. 179 (1955). 

(11) Analyses by Micro Tech Laboratories, Skokie, Ill. 
(12) The authors acknowledge with thanks the gift of 

samples of acetylacetone and glutaraldehyde from Carbide 
and Carbon Chemicals Corp. and of 2,5-diethoxyterephthal- 
aldehyde from Tennessee Eastman Co. 
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o-Ethoxybenzaldehyde dimethylhydrazone. A solution of 15 
g. (0.1 mole) of o-ethoxybenzaldehyde and 7.0 g. (0.116 
mole) of dimethylhydrazine was refluxed 3 hr. Distillation of 
the reaction mixture, after evaporation of the excess hydra- 
zine, gave 12.6 g., 66Oj,, of the product, b.p. 136-138'/4 mm. 

2,6-Diethoxyterephthalaldehyde bis(dimethy1hydrazone). A 
solution of 6.6 g. (0.03 mole) of 2,5-diethoxyterephthalalde- 
hyde and 5.0 g. (0.083 mole) of dimethylhydrazine in 25 ml. 
of alcohol was refluxed for 3 hr. The solid which precipitated 
on cooling was recrystallized from methanol-water to give 
2.0 g., 2275, of the product, m.p. 147-148'. 

p-ihmethylaininobenzaldehyde dimethylhydrazone. A solu- 
tion of 15 g. (0.1 mole) of p-dimethylaminobenzaldehyde 
and 7.0 g. (0.116 mole) of dimethylhydrazine in 30 ml. of 
concentrated hydrochloric acid and 25 ml. of ethanol was 
refluxed for 3 hr. The solution was made basic with con- 
centrated ammonium hydroxide, filtered hot, and cooled 
to precipitate the crude product. Recrystallization from 
ethanol-water gave 5.0 g., 26%, of the product, m.p. 74-75'. 

Pyridine-d-carboxaldehyde dimethylhydrazone. A mixture 
of 5.35 g. (0.05 mole) of pyridine-2-carboxaldehyde and 
4.0 g. (0.067 mole) of dimethylhydrazine was fractionated 
after standing 1 hr. to  give 5.7 g., 77%, of the crude product, 
b.p. 128-132"/13 mm. Refractionation gave the pure prod- 
uct, b.p. 12&130'/13 mm., na< 1.6038. The picrate prepared 
from this product melts a t  185-186". 

Pyridine-.&carboxaldehyde dimethylhydrazone. This product 
was prepared by the procedure given for the isomeric 2- 
carboxaldehyde. The fraction b.p. 136-149°/21 mm. solidi- 
fied in the receiver. Recrystallization from petroleum ether 
gave 73% of the product, m.p. 60-64". Additional recrystal- 
lization from petroleum ether and from water gave the pure 
product, m.p. 65-86'. 

Infrared spectra were determined using a Baird double 
beam recording spectrophotometer with sodium chloride 
optics. All measurements were calibrated against the 3 .419~ 
band for polystyrene. The medium used is given in the 
tables of data. Solutions were run at approximately 5% 
concentrations. The abbreviations used signify w (weak), 
m (medium), s (strong), S or vs (very strong), sh (shoulder) 
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From the inspection of the infrared spectra of 58 allenic compounds, 48 of them from the literature, 2 resynthesized, 
iind 8 synthesized for this study, it was concluded that the bands a t  1950 and 850 em.-' are characteristic of the allene bond 
system with certain variations due to substitution. The antisymmetrical stretching frequency a t  1950 em. appears as a 
doublet when the allene group is terminal and is substituted by an electron-attracting group (C02H, C02R, CONHt, COCl, 
COR, CF8, CN). I ts  intensity decreases with increasing substitution of electronically similar groups. The band at 850 em.-' 
is characteristic of the terminal =CH2 group and its absence is good evidence for the absence of terminal allenes. It has an 
overtone a t  1700 em.-' of low intensity. The synthesis of the new allenes is described. 

Because of the increasing interest in allenic com- 
pounds it became important to  develop fast and 
safe methods for their identification. The present 
paper deals with the application of infrared spec- 
troscopy to this problem. Certain empirical rules 
became apparent which were successfully tested and 
applied to  all available allenic compounds. Some 
allenic compounds were especially synthesized for 
this study; other data were collected from the 
literature or obtained by personal communications 
with other investigators. In  some cases infrared 
spectra of the allenic compounds prepared by other 
workers was determined in our laboratories.2 

For the identification of allenes two bands are of 
special interest. In  the 1950 cm.-' region, v1 (due to 
the antisymmetrical C=C=C stretching vibra- 
tion) sometimes appears as a doubletIa and v2 

(1) Abstracted from the Ph.D. thesis of D.E.M., Uni- 
versity of Pittsburgh, 1956. The authors wish to acknowledge 
the financial support of the Air Reduction Company. 

(2) We wish to thank Dr. Foil A. Miller and his coworkers 
for all the determinations and for the fruitful discussions. 

(3) J. H. Wotix and W. I). Celmer, J .  Am. Chem. Soc., 
74, 1800 (1952). 

(due to  torsional motion of an allenic terminal 
methylene) in the 850 cm.-l region. The latter 
band has an overtone, 2v2 a t  1700 cm.-l The pres- 
ence of v1 and v2 and their relative intensities 
clearly differentiates between allenes containing 
various substituents. Tables I to  V list the allenic 
compounds available for this study and the posi- 
tion and intensities of the v l ,  v2 and 2v2 bands. 

Explanation of Tables I to V .  Tables I to V con- 
tain pertinent infrared data collected during this 
study for allenic compounds. These data were ob- 
tained from many different sources, under diversi- 
fied conditions and using many different instru- 
ments. Therefore, the actual frequencies of the ab- 
sorption bands listed in these tables are quite un- 
certain. 

Frequencies are in reciprocal centimeters (cm. -'). 
The frequency of a band is followed by an intensity 
description. The usual terms (v = very, s = 
strong, m = medium, w = weak) are used. 

The meanings of other terms are: - = no ap- 
preciable absorption band; na = information for 
this frequency range is not available; [ I  = "ac- 


