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INFRARED SPECTRA OF SUBSTITUTED PHENANTHROLINES 13 
THE OUT-OF-PLANE CH DEFORMATION REGION* 

By E. C. X. GRIGG? and J. R. HALL? 

Detailed interpretation of vibrational spectra is impossible for complex 
molecules but information of value may be obtained from an empirical study of 
the spectra of series of related substances. The dependence of band pattern 
on molecular substitution has been demonstrated for several regions in the 
infrared spectra of aromatic compounds, for example, the out-of-plane CH 
deformation region, 900-650 cm-l. 

The  orr relation between the number of adjacent hydrogen atoms and the 
frequency of the corresponding absorption band for in-phase out-of-plane OH 
deformation is well established for benzene variously substituted (Bellamy 1958) 
and fused ring aromatic compounds (Wiberley and Gonzalez 1961). The infrared 
spectra of heteroaromatics, e.g. pyridine, quinoline, and their derivatives, likewise 
show the above correlation (Karr, Estep, and Papa 1959 ; Godar and Mariella 
1961). The study is now extended to 1,lO-phenanthroline and a number of its 
derivatives. Only one report of a systematic study of the infrared spectra of 
substituted phenanthrolines seems to have been made (Smith and Diehl 1961). 
Few details were published. 

Results awd Discussion 
Table 1 lists the frequencies of the absorption bands observed between 

900 and 650 cm-l in the various spectra. The data for 1,lO-phenanthroline are 
taken from the work of Schilt and Taylor (1959). Possibilities of one hydrogen, 
two and three adjacent hydrogen atoms arise. The corresponding regions of 
absorption (Bellamy 1958) are inserted in the column headings of Table 1. 
Frequencies of absorption observed below 750 cm-l are entered in the final 
column. Band intensities are enclosed in parentheses. Some of the substances 

* Manuscript received July 5, 1962. 
t Department of Chemistry, University of Queensland, Brisbane. 
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are hydrated. Experience with the hydrated and anhydrous forms of lJ0-phen- 
anthroline and 2,9-dimethyl-1,lO-phenanthroline shows that the frequencies of 
the most intense bands in this region are rather insensitive to varying amounts 
of water. 

The spectra show a limited number of intense bands between 900 and 
650 om-l. Reproductions of the spectra of 1,lO-phenanthroline (Schilt and 
Taylor 1959) and 2,9-dimethyl-lJ0-phenanthroline (Grigg, Hall, and Plowman 
1962) have been published. The 900-650 cm-l regions in these spectra are 
typical. In  general there is no ambiguity in selecting the in-phase out-of-plane 
deformation bands which are shown in bold type in Table 1. Intenae bands are 
present where they are expected according to the number of adjacent hydrogen 
atoms. I n  one case, 3,4,5,6-tetramethyl-1,lO-phenanthroline, the band lies 
just outside the allotted range. Two strong bands are observed at 829 and 
802 em-l in the spectrum of 5-nitro-1,lO-phenanthroline. This region is com- 
plicated by absorption due to the CN stretching vibration invclving the nitro 
group. The corresponding band in the spectra of aromatic nitro compounds 
occurs about 849 om-I (Randle and Whiffen 1952). I t  appears that the empirical 
study is applicable to phenanthroline derivatives. The weak features observed 
in the range 900-650 em-I probably result from out-of-phase motions of the ring 
hydrogen atoms, vibrations of other types and molecular interaction in the 
crystal. 

Karr, Estep, and Papa (1959) found two absorption bands in the spectra of 
substituted quinolines in those instances where there was an equal number of 
adjacent hydrogen atoms on the carbocyclic and heterocyclic rings. The band 
of higher frequency corresponded to the out-of-plane deformation of the hetero- 
cyclic hydrogen atoms. On$ four of the phenanthroline compounds (numbers 
2, 4, 16, and 17) could be studied for the same effect. The results were not 
conclusive. 

The second observation to be made from the phenanthroline spectra is that 
the region 750-650 em-l contains an intense band (see Table 1, frequencies in 
bold type) in every case except for 3,4,5,6,7,8-hexamethyl-1,lO-phenanthroline, 
where strong absorption occurs at 755 cm-1. While there is some evidence for 
multiplicity of absorption bands for a given number of adjacent hydrogen atoms, 
the repeated occurrence of a single intense band in a restricted range, namely 
755-715 cm-l, supports the previous contention (Grigg, Hall, and Plowman 1962) 
that it appears to be characteristic of the ring system and may be due to a skeletal 
bending mode. 

Ezperimental 
The infrared spectra were recorded on a Perkin-Elmer Model 21 Spectro- 

meter fitted with a rock-salt prism. The substances were examined as mulls in 
Nujol. 

We thank Monsanto Chemicals (Australia) Limited, Melbourne, for the 
donation of analysed samples of all the substances apart from 1,lO-phenanthroline 
and 2,9-dimethyl-1,lO-phenanthroline. 
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THE USE OF DIETHYL PHOSPHOXATE AS A SOLVENT AND 
CATALYST FOR THE PREPARATION OF ARYLHYDRAZONES* 

One of the difficulties in preparing arylhydrazones has sometimes been 
the lack of a suitable solvent for both the arylhydrazine and the carbonyl 
compound. Shine (1959) lists some of the methods available and reports that 
2,5,8-trioxanonane (diglyme) is a convenient solvent in certain cases. 

It has now been found that diethyl phosphonate (diethyl phosphite) is a 
good solvent for arylhydrazines and for many carbonyl compounds. Further- 
more, addition of an acid catalyst to the mixture is unnecessary because traces of 
water hydrolyse the solvent giving the strong acid ethyl hydrogen phosphonate, 
HP(O)(OEt)(OH), (Milobendzki and Sachnowski 1917) and more water is produced 
as the reaction proceeds. Under the conditions employed, side reactions between 
carbonyl compounds and the solvent do not compete seriously with hydrazone 
formation. Wild (1958) lists several 2,4-dinitrophenylhydrazones which are 
difflcult to prepare by published methods, but when diethyl phosphonate was 
employed no difficulty was experienced in obtaining 2,4-dinitrophenylhydrazones 
of benzoin, di-n-butyl ketone, phenacyl bromide, or fenchone. 18-Pentatria- 
contanone (stearone) and 1-phenyloctadecan-1-one (stearophenone), selected 
because of their low solubility in hot ethanol, gave satisfactory yields of 
hydrazones, here described for the first time, but the hindered ketone 2-methyl- 
2-(1-hydroxy-1-methy1ethyl)cyclohexanone failed to react. 

EaperimentaZ 
To a solution of the carbonyl compound (1 mrnole) in the minimum volume of diethyl 

phosphonate was added a solution of the arylhydrazine (1 mmole) in diethyl phosphonate (4 ml). 
I n  some instances, the hydrazone precipitated immediately or on keeping the solution for a few 
hours, but in others it was necessary to dilute the mixture with an equal volume of water in order 

* Manuscript received June 13, 1962. 
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