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Abstract 
The ul t raviolet  absorpt ion spectra of  a series of  a lpha-  azldo 

ethers, alpha- azldo thioethers,  and alpha-  azido amines exhibited ex- 
t rac t ion  coefficient max ima  m the  region 264-300 m p  A shif t  to the 
lower wavelength  was found  to occur  in the order  S ~ O ~ N  when 
these atoms are subst i tuted alpha to an azido- group.  

In f ra red  absorpt ion spectra were recorded in the 2 to  15 micron  
region, and assignments made for  the asymmetr ic  and symmet r ic  N3 
s t re tch ing  vibrations.  The  No asymmetr ic  v ibra t ion  occur red  in the 
r a n g e  2141-2090 cm -~ for  the  azldes examined. The  Na symmetr ic  vi- 
bra t ion  w a s  m o r e  variable. Tenta t ive  assignments were made ]or  this 
absorption occurring for alpha- azido ethers and alpha- azldo thioethers. 
However, no assignment was made for this vibration for the alpha- 
azldo amines due to the comphcated spectra m this region. The Na 
asymmetric vibration for az~domethyl methyl ether, azldomethyl methyl 
sulfide and N-azldomethyl phthahmlde exhibited a doublet whale other 
azldes exhibited a single absorption for this mode. 

Introduction 

The linear structure of the azido-group, as in covalent 
and ionic azides, coupled with its facility of forming five 
membered azoles of structure I: 

A .... B 

I I 
N N 

\ N  / 

where A is carbon and B may be carbon, nitrogen or sul- 
fur, respectively, has led to questions concerning the 
nature of the intermediate state. The basic question to be 
answered involves the process whereby three sequentially 
linked nitrogen atoms changes from the linear structure 
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edge th*s support. 
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to the bent structure. The present investigation is part of 
a program which attempts to study this problem. 

The use of absorption spectroscopy to the solution of 
structural problems in the thiatriazole ring system has 
been reported by Lieber and students (I-4). It  was de- 
monstrated that reactions which should lead to thiocar- 
bamyl azides are in reality derivatives of the thiatriazole 
ring system. Infrared spectral evidence confirmed this 
(I-7). On the other hand, spectroscopic evidence just as 
clearly demonstrates the existence of the carbamyl azide 
structure rather than the oxytriazole ring system. Scott (8) 
reported a broad clean asymmetric N3 absorption band in 
the infrared for a number of phosphoryl azides and con- 
cluded that a ring structure does not exist. 

Azides are reported (9) to be readily recognized by the 
strong N3 asymmetric stretching absorption, which occurs 
with constancy near 2130 cm -1. The corresponding sym- 
metric stretching occurs at a considerably lower frequency 
(about 1300 cm -1) but is much more variable in :frequency 
and intensity. Contributions to the infrared absorption 
spectroscopy of azides have been made by Eyster (I0), 
Sheinker (I1), Boyer (12,13) Lucien (14) and Lieber 
(15,16). More recently, Lieber (17) has discovered that 
aromatic acid azides exhibit a doublet for the N3 asym- 
metric stretching absorption. An extension of this work 
(23) demonstrated that the N3 asymmetric doublet was 
due to the proximity of the conjugative aromatic unsatura- 
tion (benzene ring) and that the band again appeared as 
a singlet when the aromatic ring was reduced, as in 
cyclohexyl carboxylw acid azide. It  was with the objective 
of studying such alpha interactions (which the authors 
now term perturbation effects) that the investigation of 
the absorption spectroscopy of alpha-azido ethers and 
amines was initiated. These compounds can be generalized 
by the structure: R-X-CH2-N3, where X may be oxygen, 
sulfur, or nitrogen and R is an alkyl or aryl group, respec- 
tively. The similarity of these compounds to thiocarbamyl 
azides, carbamyl azides, and carbonyl azides may be ob- 
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served by rewriting the structure in the following form 
given by: 

• 2 
C 

~X / \N 3 

where X -~ O, S, or N, in which the perturbating effect is 
hmited to the oxygen, sulfur or nitrogen atoms, respective- 
ly. A systematic study of the ultraviolet and infrared 
absorption spectra of alpha azide ethers has not been 
prewously reported. 

Experimental* 

Alpha-Azido Ethers and Amines 

In general, these compounds were prepared by the 
action of sodium azide upon the corresponding alpha-halo- 
ether as described by Bohme for alpha-azido-ethers (18), 
alpha-azido thio ethers (19) and N-azido-methylamines 
(20). The compounds prepared for spectroscopic study are 
summarized in Table I. In most cases satisfactory elemental 
analyses for carbon and hydrogen were obtained. Unlike 
that reported by Bohme (I 8) the methyl- and ethyl- alpha- 
azido ethers proved to be too explos,ve for carbon and 
hydrogen combustion. In the case of the alpha-azido thio- 
ethers satisfactory elemental sulfur analyses were obtained 
in all cases. Bzs-azido-methyl sulfide, a new compound, 
proved to be too explosive for carbon-hydrogen analysis. 
All of the compounds reported in Table I are liquids, ex- 
cept that of N-azidomethylphthalimide, a new compound, 
which comprised colorless plates, melting at 72-73 ° (un- 
corrected). All of the liquids had boiling points which 
agreed with the values previously reported (18-20). Alpha- 
azido ethers and ammes are dangerous compounds. Repe- 
titions of these synthesis ~hould observe proper safety equip- 
ment including sparA-proof stirring motors. 

TABLE I. A L P H A - A Z I D O  E T H E R S  AND A M I N E S  

R-X-CH~-Na 

Nztrogen, % 
R X Formula Calcd. Found 

CHa O C.~HsNaO ~ 48.26 48.26 
CeH~ O CaHTN30 ~ 41.56 41.20 
CH3 S OaHsN3S 40.74 40.03 
C=Hs S C3H~N3S 35 86 35.80 
n-C3H; S C~HgNaS b 32.03 32.35 
CeH5 S C;HTNjS 25.43 25.43 
CoHsCH~ S CsHoNaS 23.44 23.75 
NaCH: S C:H~NoS ~,b 5 8 3 0 5 8.5 0 
(CHa) 2 N e CaHsN4 55.97 55.65 
CsH~o N e C..HnN4 39.97 40.30 
CoH:C202 N o CgH~O=N4 b 27.71 27 65 

~Three independent analyncal laboratories were unable to analyze for 

carbon and hydrogen due to the very explosive thermal degradanons 
of the compounds when heated. 

*'New compounds 

• P~pendmo-group 

aOr tho-phthahmldo-group 

eBohme (20) was unable to obtain a satisfactory analys*s for tMs com- 
pound. 

"Elemental micro-analyses were carried out by Dr. C. Weder and Dr  

F. B. Strauss, Oxford, England. 

TABLE II. U L T R A V I O L E T  ABSORPTION FREQUENCIES FOR 

R-X-CH_o-N3 

RX ~.max, m~ ema:e 

CH30  274 39.9 
CHaCH.O 276 33 1 
CH3S 284 28.0 
CHaCH:S 284 28 4 
CH,CH~CH.S 284 29 8 
N3-CH2-S 284 54.9 
C,HsS a 
C~HaCH~.S a 
(CHo) :N 264 b 32 6 
C~H~oN 264 b 37.7 
C~H,C:O~N "~ 

"Az,de absorpuon in the 260-290 m #  regmn ma~ked by strong aromanc 
absorpuon. 

bXm,,, taken as the reflection point. 

N 3- CH 2 
\ 

S 

N3--CH2 / 

Bis-azido-methyl sulfide 

0 
II 
C 

/ 
G 
P 
0 

N-Azidomethylphthalimide 

Ultraviolet Absorption Spectra 
Spectra were obtained on a Beckman Model DU quartz 

spectrophotometer with 1 cm matched quartz cells over 
the range of 240-300 m~ and curves plotted for log e 
versus wave length. All samples were dissolved m anhy- 
drous spectroscopic methanol, and absorbance readings 
using a methanol blank were taken. Anhydrous condinons 
were rigidly maintained. The data obtained are summarized 
in Table II. Figure 1 shows a typical plot for each of the 
three different types of azido-ether. 

Infrared Absorption Spectra 
The spectra were recorded on a Perkin-Elmer Model 21 

double beam spectrophotometer with a sodium chloride 
prism (calibrated against a polystyrene film) over the range 
of 2-15 microns using an automauc slit drive with a pro- 
gram of 927 and a scanning rate of twenty rain. The 
spectra of liquids were recorded in a demountabh cell 
containing a 0.025 mm silver spacer. Solids were mulled in 
a drop or two of white od (Nujol). Spectra over selected 
ranges were recorded from solution by nulhng out the 
solvent spectra in the reference beam. Exact N3 asym- 
metric absorption frequencies were recorded from carbon 
tetrachloride solution in 0.20 mm matched cells with a 
program of 960, adjusting the concentration so as to 
absorb 70-80% of the energy input at the absorption maxi- 
mum. Because of the complicated vibrations appearing in 
the N3 symmetric stretching region, this portion of the 
spectrum was also recorded in carbon tetrachloride. Spectra 
of the halomethyl intermediate were also recorded from 
solution and super imposed on the azido spectra in order 
to locate the Na symmetric stretching absorption. The 
infrared assignments for the N3 asymmetric and symmetric 
vibration are summarzied in Table III. A typical full scale 
spectrum is shown by Figure 2 for azldomethyl methyl 
sulfide. The more precise study in the asymmetric region for 
the same compound is shown in Figure 3, which shows the 
asymmetric doublet. The complexity of the symmetric re- 
gion is illustrated by bis- (azido methyl) sulfide in Figure 4. 
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FIG. 1. ULTRAVIOLET ABSORPTION SPECTRA OF ( 1 )  Azldo- 
methyl methyl sulfide, (2) N-azidomethyl dimethylamine, 
and (3) Azidomethyl methyl ether. 
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Discussion 

U l t r a v i o l e t  A b s o r p t i o n  S p e c t r a  

Gilliam and Stern (21) report that aliphatic azides 
such as ethyl azide or azidoacetic acid show a characteristic 
low intensity band near 285 m/z (E z 20-50) and a band 
of high intensity near 222 m/z (E ca. 150) and that th,s 
band differs from that of azide ion, e.g., sodium azlde. 
Lieber (22) has reported a weak absorption band between 
282 and 288 m/~ for a number of alphatic and aromatic 
azides. The intensity of this band was very weak, and an 
increase in chain length did not effect the intensity of this 
band. The absorption was stronger in the phenyl and sub- 
stituted phenyl azides, although not as strong as the pri- 
mary band of benzene. Bbhme (I 8,19) reported the pres- 
ence of a weak band for azldo-methyl ethers and azido- 
methyl thioethers in the 275-290 m~ region. 

As seen in Table II, spectra of azldomethyl ethers, 
-thioethers, and -amines exhibited absorptions of weak 
intensity In the 264-284 m/~ region. A shift toward the 
lower wavelength is seen to occur in the order S > O > N  
(Figure 1), when these atoms are substituted alpha to an 
azido group. An increase in chain length had little effect 
upon the intensity of this absorption. However, the Intro- 
duction of a second azido group into a molecule increased 
the intensity of this absorption nearly two fold. Spectra 
of aromatic azides were not plotted, since the primary 
aromatic bands overshadowed the weaker azide absorption. 
As in the past, absortpions in this region are assigned to the 
nitrogen -nitrogen multiple linkages of covalently bound 
azides. However, the effect of the substituent alpha to the 
azido group is seen by a shift of the azide absorption. Al- 
though limited m scope, this appears to be the first system- 
atic study of the effect of an alpha substituent on the 
ultraviolet azido frequency. 
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FIG. 2. INFRARED ABSORPTION SPECTRA OF LIQUID AZIDOMETHYL METHYL SULFIDE IN 0 .025  2vim CELL:  
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FIG. 3. THE INFRARED ABSORPTION SPECTRA 
OF AZIDOMETHYL METHYL SULFIDE IN, THE 
ASYMMETRIC N~ REGION RECORDED AS A 
SOLUTION IN CARBON TETRACHLORIDE 

I n f r a r e d  A b s o r p t i o n  S p e c t r a  

The infrared absorption spectra of azldomethyl ethers, 
-thio-ethers, and -amines were studied with particular 
emphasis upon the N.3 asymmetric and symmetric vibra- 
tions. The spectra of azidomethyl ethers, -thioethers, and 
-amines were recorded and compared to the spectra of the 
corresponding halomethyl compounds. A strong broad band 
exhibiting 100% absorption was observed in the N3 asym- 
metric stretching region for all azide spectra with but a 
single exception. N-azidomethyl phthalimide exhibited a 
doublet in this region as well as in the carbonyl region. 
Alpha-halo methyl compounds have no significant absorp- 
tions in the N:~ asymmetric stretching region. The N.~ 
symmetric stretching region was complicated by the pres- 
ence of other absorptions. However, tentative assignments 
were made when possible. 

The spectra of azidomethyl ethers -thioethers and 
-amines were recorded in carbon tetrachloride solution 
across the Na asymmetric stretching region (Figure 3). 
Assignments for the N:s asymmetric stretching absorption 
are summarized m Table III. This absorption occurred In 
the range 2141-2090 cm -1 for the azldes examined, with 
all but one falling in the range 2121-2091 cm-1; thus con- 
firming the constancy of the N.~ asymmetric stretching 
band regardless of environmental groups as reported by 
previous workers (I 5,17). 

It is interesting to note the band splitting of the N:3 
asymmetric stretching absorption for az,domethyl methyl 
ether and azldomethyl methyl sulfide (Figure 3), when 
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FIG. 4. INFRARED ABSORPTION SPECTRA IN 
THE SYMMETRIC N.~ REGION RECORDED WITH 

SOLUTIONS IN CARBON TETRACHLORIDE. 
Solid Line--Bis-(azldomethyl) sulfide, Dotted 
Line--Bis- (chloromethyl) sulfide 

these azides are present in a concentration low enough to 
keep the absorption on scale. Higher homologues of these 
azides failed to show this band splitting, but exhibited a 
single N3 asymmetric stretching absorption (Table III).  
The corresponding N-azldo-methyl amines exhibited a 
smgle absorption, with the exception of N-azido-methyl 
phthalimide whose doublet was also evident from a Nujol 
mull as described earlier. 

HydrazoIc acid, in the gaseous state exhibited a doublet 
for the Na asymmetric stretching mode (25), a solution 
of hydrazoic acid in carbon tetrachloride was prepared, 
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T A B L E  I I I .  INFRARED ASSIGNMENTS FOR N3 ASYMMETRIC 

AND SYMMETRIC STRETCHING VIBRATIONS 

Symmet rw  Ns 
Aztde Asymmetr tc  Na 

Stretchtng a Stretching ~ 
(tentatm,e) 

CH,OCH~.Na 2121vs, 2098vs 1232s 
CH~CH.~OCH2N3 2119vs 1227s 
CH3SCH~.N~ 2113vs, 2091vs 1304-1294m 
CHjCH.oSCH2N~ 2098vs 1302m 
CH3CH~.CH2SCH:Na 2105 vs 1299n ~ 
C6HsSCHeN~ 2101 vs 1304-1295 m 
C,H~CH:SCH2N3 2107vs 1309-1295 m 
NaCHeSCH2N3 2112 vs 1304-1292s 
(CHa) ~NCH2N3 2094vs b 
C~H~oNCH2N3 2094vs b 
C.~HsCo_O:NCH2N3 2140s, 2104s b 

aIn cm-X; vs, very  strong, etc. 
bSpectrum Is comphcated by the presence of other absorptions and no 

assignment can be made. 

and the spectrum recorded with a single N3 asymmetric 
stretching absorption observed for this spectrum. 

The spectra of these azides and the corresponding halo 
compounds were recorded from carbon tetrachloride solu- 
tion across the Nz symmetric stretching region (Figure 4). 
While this band is complicated by the presence of other 
absorptions in the region, tentative assignments are made 
for this mode and appear in Table III. 

The spectra of azidomethyl methyl sulfide and azido- 
methyl ethyl sulfide were recorded as solutions of methanol 
and acetonitrile as well as carbon tetrachloride with no 
noticeable changes in the N3 asymmetric stretching absorp- 
tions. 

The reason for the absence of band st~litting for other 
members of the series of compounds studied is not clearly 
understood. A theoretical study of the above systems from 
a quantum mechanical point of view is underway which 
will be reported upon in a separate communication. 
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Notes 

Infrared Spectra of Diethylenetriamine and 
2-(2-Aminoethylamino)ethanol 

Leon Segal and F. V. Eggerton 
Southern Regional Research Laboratory J', New Orleans, [a 

The formation of a coordination compound between 
diethylenetriamine (DETA) and cellulose has been report- 
ed by Segal and Loeb (4),  and studies have been planned 
for elucidating the structure and mode of bonding of the 
comolex. X-ray diffraction studies (4) indicate that the 
DETA-cellulose complex, and the complex formed be- 
tween ethylenediamine (EDA) and cellulose have very 
similar crystalline interplanar dimensions. Segal and Loeb 
concluded that the DETA molecule was bonded to the 
cellulose chain molecules in a manner similar to that ac- 

yOne of the laboratories of the Southern Utdizat ion Research and 
Development D,vision, Agr*cultural Research Service, U. S. De- 
par tment  of Agricul ture  

ceoted for the EDA molecule, this being possible because 
of a similarity in amine structures. To further pursue the 
structure study on the complex, another comoound, 2- 
(2-aminoethylamino)ethanol (AEAE), was selected for 
its structural relationship to DETA and EDA. Infrared 
spectroscopy was considered to be the best way of obtain- 
ing the data needed for elucidating the manner of bonding. 
However, the study was hawwered by lack of information 
on the infrared spectra of the above amine compounds. In 
this note the infrared spectra of the amine compounds 
are presented, and assignments of the observed bands to 
structural umts in the molecule are made. 

The DETA was obtained as a commercial product. It  
was purified by digestion over stick sodium hydroxide, 
drying with a sodium-lead alloy, and finally distillation. 
The cut was taken in the boiling range 205-207°C 
(b.D. (1),  207.1°C).  The AEAE was a water-white, 
high-purity product and was used without further puri- 
fication. The carbon tetrachloride solutions of the amines 


