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Abstract 
In alkahne media b a r b i t u r a t e s  of  the general :formula 

H N C O N H C O C R ' R " C O  react  wi th  p -mt robenzy l  chloride to ~*ve 
I I 

derivatives of the compos~t*on NCONCOCH. . ,  CaHCNO2CRrR"COCH2 - 

I l 
CoH.NO.,- I t  ~s postulated t ha t  the process of complex :formation 
proceeds wa  the interact*on of a negatively charged enohzed barb*tunc  
acid 1on w*th a pos*ttvely charged p -mt robenzy l  1on. The infrared 
absorption spectra of the denvat*ves are in accord wi th  this mechanism 
and suggest t ha t  m the complex the barb*turate ~s bonded to the 
p -mt robenzy l  moiety th rough  the carbonyl  oxygens m the 4 and 6 
pos~taons The compounds show umque  :features t h roughou t  the regaon 
stud~ed, 4 0 0 0 -  650 cm -~, and hence the method affords a Mgh degree 
of spec*fic*ty :for detect ing and character iz ing these sedative drugs  

Introduction 

Numerous procedures for the qualitative and quantita- 
tive analysis of barbiturates can be found in the literature. 
The methods reported include mlcrocrystal tests, com- 
plex formation, color reactions, tltrimetric procedures 
and a variety of modern instrumentation techniques as 
cited by Penprase and Biles (17). 

The present paper records the authors' findings of a 
method based upon the reaction of barbiturates with /5- 
mtrobenzyl chloride and infrared analysis of the reaction 
products. The application of this reaction followed by 
determination of the melting points of the isolated com- 
plexes as a means of characterizing malonyl urea deriva- 
tives has been reported by several authors (1, 2, 5, 6, 7, 8, 
16). Gonzales, Vance, Helpern and Umberger refer to 
it m their widely recognized text on Legal Medicine, 
Pathology and Toxicology (4) and Lflliman modified 
the general procedure to permit the detection of semi- 
micro quantities of sedative drugs in biological materials 
(14). The method is included m the latest edition of the 

United States Pharmacopeia and thus become an official 
test for the identification of barbiturates (18). 

Examination of the experimental data as summarized 
by Allport (1),  Castle and Poe (2),  and Jespersen and 
Larsen (8) shows, however, that the melting points of 
the derivatives do not differ sufficiently from one another 
to permit unequivocal identification of all the chmcally 
important barbiturates. It  was felt, therefore, that the 
infrared spectra of these compounds may offer additional 
parameters for distinguishing between the various mem- 
bers of this important class of compounds. Also, in view 
of previous work carried out in these laboratories on bar- 
biturate drugs (10, 11, 12, 13), it was anticipated that 
useful information regarding the mechamsm of reaction 
governing the process of complex formatmn m~ght be ob- 
tained. 

Experimental 

The barbiturates used in this investigation were ob- 
tained by recrystallizatlon of commercial products from 
dilute aqueous ethanol. 

The/5-mtrobenzyl derivatives were prepared in accord- 
ance with the procedure described by Castle and Poe (2). 
Sodium carbonate (0.04 mole) and barblturic acid (0.02 

mole) were dissolved in a minimum amount of boiling 
water. /5-Nltrobenzyl chloride (0.04 mole) in ethanol 
was added to this solution, the volume of the aqueous to 
the nonaqueous phase being maintained at a 1:2 ratio. The 
reaction vessel was placed on a hot plate and the solution 
refluxed for about i/_, hour. After coohng to room tempera- 
ture the precipitate was filtered off and washed thoroughly 
with water to remove nnreacted starting materials (bar- 
biturate, carbonate, p-nitrobenzyl hahde) as well as any 
monosubstltuted p-nitrobenzyl derivative which might 
have formed. 

The products were purified by dissolving in hot ace- 
tone, adding sufficient ethanol to induce precxpltatlon and 
coohng in a refrigerator for several hours. Because of 
their low solubility in acetone, the method proved un- 
suitable for purifying the derivatives of Sigmodal,® 
Dial® and Alurate ®, which compounds were recrystal- 
lzed from chloroform. 

Melting points were determined using a Fisher-Johns 
apparatus and following the procedure described for Class 
I in the United States Pharmacopeia ( /8 ) .  

Preparation of Samples for Infrared Analysis 

The materials were finely powdered in a mechanical 
grinder until they would pass through a 250-mesh sieve 
(U. S. Standard Sieve Series No. 230). Accurately weighed 
amounts were then mixed intimately with sufficient A.C.S. 
reagent grade potassium bromide--treated similarly and 
dried overnight at 125°C-- to  obtain preparations of 
known composition. Aliquots of 200 mg were subjected 
In. vac~eo to a pressure of 10,000 lbs/sq inch for about 5 
minutes and the absorbancies of the clear discs thus pro- 
duced measured over the frequency range extending from 
4000-650 cm -1. A potassium bromide disc prepared under 
comparable conditions was placed m the path of the 
reference beam to compensate for absorption by the re- 
agent. After each experiment the discs were weighed in 
order to determine the amount of sample present. The 
weight variations between different discs never exceeded 
1%. 

Generally 0.25% concentrations were used for record- 
ing the spectral curves. Since all barbiturates absorb 
strongly in the 1750-1650  cm- 1 region, their spectra 
were in some instances also scanned using 0.125% con- 
centrations. Similarly, in order to characterize more accu- 
rately the fingerprint region of the complexes, their spectra 
were traced at both 0.25% and 1.0% concentrations 
throughout the 1350 - 650 cm -1 range. 

A Perkin Elmer Double Beam Model 21 Spectropho- 
tometer equipped with rock salt optics was used to record 
the spectra. 

Results and Discussion 

The melting points of the derivatives were generally in 
good agreement with those recorded m the literature. 
Only the Mebaral® and Rutonal® compounds, when 
prepared in accordance with the procedure described, 
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T A B L E  1. M E L T I N G  P O I N T S  OF BARBITURATES AND T H E I R  P - N I T R O B E N Z Y L  DERIVATIVES 

Compound Melting Plont ( *C) 

Chemical Name Trade Name Name m Standard Texts* Barbtturw Acid Complex 

5-Al ly l -5 -phenylbarb~tunc  acid Alphenal  

5-Al ly l -5-Isopropylbarb*tunc  acid Alura te  

5-Ethyl-5-~soamylbarb~turIc acid A m y t a l  

5 -Allyl-  5 - ( 1 -cyc lopenten-2-y l )  barb t tur ie  acid Cyclopal  

5 -E thy l -5 -  ( 1 -me thy l - l -bu teny l )  barbitur*c actd Delvinal 

5,5 -Dial lylbarbatur ic  ac*d Dial 

5- (1 -Cyc lohexen - l -y l )  - 3 , 5 -d lme thy lba rb i t unc  acid Evipal 

5 -E thy l -  5 - i sopropylbarbl tur lc  acid Ipral  

5 -Ethyl -  5 -phenylbarb i tu r ic  acid Luminal  

5 -EthyI-5 - ( 1 -cyclohepten-1 -yl)  barbLturic acid Medomin 

5 -E thy l -5 -  ( 1 -merhy lbu ty l )  barbatur ic  acid Nembu ta l  

5 - E t h y l - 5 - n - b u t y l b a r b l t u n c  acid Neonal  

5 - (2-Bromoal lyl )  -5 - isopropylbarbi tur*c acid Nosta l  

5 - ( 2 -Bromoallyl)  - 5 - ( I -naethylpropyl)  barb i tur tc  acid Pernoston 

5 -E thy l -5 -  (1 -cyc lohexen - l -y l )  ba rb i tu r lc  acid P h a n d o r n  

5-Methyl -5-phenylbarb*turm acid 

5-Allyl -  5- ( 1 -me thy lbu ty l )  barb~turic acid 

1 5 6 0 - 1 5 6 7  

Aprobarbi ta l  ( N  N .R . )  140.0 - 143.0 

Amobarb i ta l  (N.F.)  Amylobarb t tone  ( B . P . C )  156.3 - 156.9 

1 3 9 . 8 -  140 3 

Vmbarb i ta l  ( N . N , R )  166.0 - 166 9 

Dxallylbarbi turic  acid ( N . N  R.)  172 5 - 173 0 

Allobarbi tone (B P.C ) 

Hexobarbxtone (B P.) Hexobarbi ta l  ( N . N  R.)  

Probarbi ta l  ( N . N . R . )  

Phenobarbi ta l  (U S.P ) Pbenobarbl tone  (B P.) 

Pentobarbi ta l  (U S P.) Pentobarb~tone (B P.) 

Butethal  ( N . N R )  Butobarb~tone (B P.C.)  

Propal lylonal  (N .N .R .  '47)  

Butal ly lonal  ( N . N  R ) 

Cyclobarbl ta l  ( N . N . R . )  

Cyclobarb l tone  (B P.C.)  

1 5 2 . 3 - 1 5 3  0 

190.0 - 1 9 1 . 0  

151.3 

185 0 - 1 8 5 . 5  

131.0 - 1 3 2 . 0  

190.5 -191 .5  

144.8 - 1 4 5  2 114.5 - 1 1 5 . 0  

201 2 - 2 0 1 . 7  1 5 9 . 0 - 1 5 9  8 

174.1 - 1 7 4 9  1 8 3 . 0 -  183 5 

171.0 - 1 7 2  2 165 0 - 1 6 5 . 8  

1 2 8 . 8 - 1 2 9 4  149 5 - 1 5 0  5 

127.4 - 128.5 147.0 - 148.0 

180.3 - 181 2 204.5 - 2(15.0 

131.5 - 132 2 1 9 2 . 0 -  192.5 

1 7 1 . 8 -  172 2 1 9 5 . 5 -  196.5 

Rutona l  225 5 - 226 2 196 3 - 197.0 

Seconal Secobarbital  ( N . N  R.)  96 1 - 96.9 159.0 - 160.0 

Quina lbarb i tone  (B P. Add.  '51 ) 

5 - (2-Bromoal lyl)  -5 - ( 1 -me thy lbu ty l )  barb i tur ic  acid Sigmodal 

5,5 -D*ethylbarb*tunc acid Veronal  

167.3 - 168.2 180.5 - 181.5 

1 8 9 . 6 -  190.4 193 0 - 194 0 Barbital  (U.S.P.) Barbi tone (B P.) 

" U.S P - - U n i t e d  States Pharmacopeia ,  B .P . - -Br i t i sh  Pharmacopeia ,  N N . R . - - N e w  and Nonofficial Remedies, B .P .C . - -~ r i t i sh  Pharmaceut ica l  Codex. 

T A B L E  2. I N F R A R E D  A B S O R P T I O N  CHARACTERISTICS OF B A R B I T U R A T E - P - N I T R O B E N Z Y L  DERIVATIVES 

Compound Mel tmg Regions of Infrared Absorption (cm -1) 
(p-Nt trobenzyl  Pomt  
dermatzve of) °C 1240 - 1230 1200 - 1100 1000 - 900 800 - 710 

Triple t  ( in tensi ty  of  bands One  weak band  One s t rong band,  one 
Neonal® 147.0 - 148.0 Sharp Band increasing w*th wavelength)  One inf lect ion weak band, two inflections 

Tr ip le t  (centra l  band  of  Medium band (broad)  One s t rong  band 
N e m b u t a l ®  149.5 - 150.5 N o  Band lowest intensi ty)  One inf lect ion 

A m y t a l ®  151.3 Sharp Band Three  intense bands 3 weak bands  Strong band  wi th  shoulder  

T w o  s t rong  bands,  two  One  s t rong band,  one T w o  s t rong  bands,  one 
Alphenal® 152 3 - 153.0 N o  Band weak bands,  one inf lect ion med. band,  two  weak bands med. band, one inf lect ion 

1205 -1195  1180 1085 995 

Ipra l® 159 0 - 159.8 Strong Band Inflection Weak band  N o  band  

Seconal® 159.0 - 160 0 Weak Band Strong band No band  Weak  band  

1205 950 895 7 9 0 - 7 2 0  

S~gmodal® 180.5 - 181.5 Weak  Band Triple t  Medium band  

Lumina l® 183.0 - 183.5 Inf lect ion One weak band  N o  band  

Cyclopal® 185.0 - 185.5 Medium Band T w o  inflections Inf lect ion 

One  s t rong band,  one weak 
band, one mflect~on 

Three  s t rong  bands 
One  medium band  

One intense band, one weak 
band, one ref lect ion 

1 2 6 0 - 1 1 4 0  9 5 0 - 9 2 0  9 0 0 - 8 0 0  7 9 0 - 7 1 5  

T w o  s t rong bands, one reed. One  s t rong band  
band,  one weak band  

Three  s t rong bands One in f l ec t i on ,oneweakband  (preceding t h e s e c o n d s t r o n g  One weak band  
Alu ra t e® 190 0 - 191.0 One  medium band followed by medium band b a n d ) ,  one inf lec tmn 

T w o  s t rong bands, one 
One  s t rong band,  One s t rong band  medium band,  one weak 

Dial® 190 5 - 191.5 T w o  weak bands One weak band  band, one inf lect lcn  Two  s t rong bands 

One  s t rong band , two  weak One  med*um band T w o  s t rong bands,  one One  s t rong  band, one weak 
Pernoston® 192 0 - 192.5 bands, one ref lect ion One weak band  med. band,  one weak band  band,  one inflect*on 

Three  s t rong bands, one 
T w o  s t rong bands weak band  (preceding the One  s t rong  band, one 

Veronal® 193 0 - 194 0 One weak band One  s t rong band s t rong bands) ,  one reflect*on reed band,  one weak band 

One s t rong band  (broad)  T w o  s t rong bands One  s t rong  band, 
Phanodo rn® 195 5 - 196.5 wi th  sholder, one med. band  Doublet  One shoulder  One  ref lect ion 

T w o  s t rong bands (one T w o  s t rong  bands (each 
T w o  s t rong bands No band wi th  three shoulders) w*th one shoulder)  

Ru tona l®  196 3 - 197.0 (One  broad)  One m e d m m  band (broad)  One  medium band 
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FIG. 1. I N F R A R E D  SPECTRA OF BARBITURATES AND T H E I R  P - N I T R O B E N Z Y L  DERIVATIVES 
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melted considerably higher (M.P. 140 - 141.5 °C and 223 - 
224°C respectively) than had previously been reported. 
However, when using a waterbath instead of a hot plate 
for refluxing the reactants--as suggested by Jespersen 
and Larsen (5)--products were isolated whose physico- 
chemical properties were in close agreement with those 
cited in the literature. Evidently the rate of heating does, 
m these instances, become a critical factor co-determining 
the course of the reaction. 

The experimental data, as summarized in Table I for 
both the free barbituric acids and their p-nitrobenzyl com- 
plexes, show that Alphenal@ and Amytal@ (M.P. 156- 

157"C.) as well as their derivatives (M.P. 151 - 153"C.) 
cannot be distinguished on the basis of their melting 
points. Likewise, Alurate@ and Cyclopal@ both melt in 
the 140"C region and the melting points of their /5- 
mtrobenzyl complexes, although considerably higher, lie 
only a few °C apart (185~191°C) .  It  would also be 
difficult to distinguish Nembutal@ from Neonal® (M.P. 
127-129°C) and even the preparation of their p-nitro- 
benzyl derivatives (M.P. 147-150°C) would be of little 
value in this respect. On the other hand Pernoston@ (M.P. 
131 - 132°C) may readily be distinguished from these two 
barbiturates via its p-nitrobenzyl derivative (M.P. 192°C) 
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Similarly Delvinal® and Sigmodal® (M.P. 1 6 6 -  168°C) 
are easily identified by preparing their p-nitrobenzyl 
derivatives whose mehmg points lie 50°C apart. It  would 
likewise be of advantage to characterize Medomin®, Lumi- 
nal@ and Dial® (M.P. 171-175°C) as their p-nitro- 
benzyl derivatives whose melting points range from 165 - 
191 *C. 

As far as the authors are aware, no procedure has as 
yet been reported for regenerating the barbiturate from 
its p-nitrobenzyl complex. Unless the free acid is there- 
fore first isolated from the sample under investigation 
and sufficiently characterized, the preparation of a p- 

nitrobenzyl derivative followed by a determination of 
the melting point of the isolated product as the sole 
criterion of identity becomes a highly suspect procedure. 
I t  can be seen, for example, that the derivatives of Alphe- 
nal®, Amytal®, Nembutal® and Neonal® all melt m 
the 147- 153°C range. Similarly, the complexes of Cyclo- 
pal®, Luminal® and Sigmodal® (M.P. 180-185°C) and 
of Alurate®, Dial@, Pernoston@, Phanodorn®, Rutonal® 
and Veronal® (M.P. 190- 197°C) all melt within rela- 
tively narrow temperature regions. Practically identical 
melting points are exhibited by the p-mtrobenzyl com- 
pounds of Ipral® and Seconal@ (M.P. 159-160°C.) 
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These observations clearly indicate the need for additional 
criteria of identity for these substances in order to en- 
hance the value of the reaction to the toxicologist and 
forensic chemist as a means of detecting and characteriz- 
ing the barbiturate drugs. 

Such criteria are found m the infrared spectra of the 
deratives as shown in Fxgure 1, along with those of the 
free barblturic acids. 

It can be seen that generally the p-nitrobenzyl com- 
pounds are much richer in structure than the correspond- 
ing barbituric acids, and they may all be readily d~stin- 

guished from one another by their IR spectral characteris- 
tics. Table II illustrates this feature in a quahtative man- 
ner with regard to those representatives of the series which, 
as earlier described, cannot be differentiated on the basis 
of their melting points. 

In addition to their value for dlfferent,ating and 
identifying the various barbituric acids included in this 
study, the spectral curves shown in Fig. 1 prowde con- 
slderable information regarding the mechanism of the 
process of complex formation. 

Lyons and Dox  (16) considered the reaction to take 
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place in accordance with the equation: 

NH--CO R' 

o=c / \ c  / 
~ N H - - C O  / ~ R "  

+ 2 C6H4NO2CH2CI 

/ C H 2  C6H4 NO 2 

N CO R' / \ / 

\ C  / -.t'. 2HCI 
O=C~N CO / ~R" 

\ 
CH 2 C6H 4 NO 2 

and their view was later shared by Jespersen and Larsen however, in support of this mechanism. The spectral curves 
(8) .  N o  experimental data were given by these authors, presented in F,gure 1 strongly suggest that the process 
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does not take such a course but is in accord with the fol- 
lowing sequence of reactions: 

j/o , /OH 

c / 0 = C4N1H--6C C/R > O = c < N  = C~  R' 
3 4 / ~ N°zC03 N / ~ " 
NH--C R" %0 ~C\o H R 

BARBITURATE 

This mechanism visualizes preliminary ionization and 
enolization of the barbiturates in the alkahne medium 

followed by interaction of the generated anions with the 
halide. The enolization of barbltunc acids in aqueous 

2 C 6 H 4 NO 2 CH 2 C| 

0 --CH2--C6H4NO 2 
N C / R' 

,---~ O=C / = ~C / + 2 HCl 
~ N  C / ~R"  

O--CH2--C6H4 NO 2 

BARBITURATE-p-NITROBENZYL DERIVATIVE 

systems has been investigated by Fox and Shugar (3),  
Loofbourow and Stimson (15),  Stuckey (20), and Wood 
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(21) ,  and strong infrared evidence for the occurrence of 
the process was recently presented by Levi and Hubley 
(12). 

Examination of the spectra of the free barbituric 
acids recorded in Figure 1 shows generally three distinct 
bands occurring in the 1750-  1650 cm -1 region. They 
reflect the vibrational characteristics of the three car- 
bonyl groups of these molecules as either individual or 
coupled oscillators (19). The low frequency band is 
associated with vibrations of the carbonyl bond in the 2 
position, the central band corresponds to motions of the 
carbonyl bonds in the 4 and 6 positions, attenuated he- 

cause of simultaneous coaxial out-of-phase oscdlations of 
the carbonyl hnkage m the 2 position, and the high- 
frequency band reflects the oscil lat ions--perpendicular to 
the axis of symmetry of the molecule- -of  the 4 and 6 
bonds exclusively. 

In contrast to these three marked absorptions, seen m 
the spectra of the barbituric acxds, only one strong band 
is observed in the spectra of the p-mtrobenzyl  derivatives 
throughout  the 1750-  1650 cm -1 region. This observation 
clearly reflects the presence of but  one carbonyl linkage 
in these molecules. The position of this band (1685 cm -1 
region),  furthermore, s trongly suggests that  the carbonyl 
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hnkage m the 2 position is not revolved m the enolization 
process and that complex formation is accompanied by 
establishment of two new bonds via the carbonyls in the 
4 and 6 positions. 

Further support for this mechanism stems from an 
examination of the spectrum of the Evipal ® complex 
(Spectrum No. 14). The parent compound is an N-methyl  
substituted barbitunc acid. Hence enolizatlon can involve 
but one imlno hydrogen and but one carbonyl bond of 
the molecule. Two of the three C ~ O  linkages should 
therefore remain intact, and this is seen to be the case---- 
the infrared spectrum of the derivative displaying a 

distinct doublet in the carbonyl frequency region (1690 
and 1675 cm -1 respectively). 

One should further note that the characteristic N - H  
(bonded) absorptions occurring in the spectra of all the 
barbiturates throughout the 3 3 5 0 - 3 0 5 0  cm -1 region are 
no longer observed in the spectra of the complexes. This 
finding, too, is in accord with the structures assigned to 
the derivatives and the reaction mechamsm described 
which visualizes conversion of the O z C ( - - N H - - ) 2  
linkages of the barbituric acids to O - ~ C ( - - N z C - - ) 2  
bonds in the complexes. Both the position (1683 ± 4 
cm "l) and intensity of the carbonyl band observed in the 



SPECTRA OF BARBITURATES AND DERIVATIVES, CONTD. 

WAELENGTH. MICRONS 

FREQUENCY CM-' . 

spectra of the derivatives further support these con- 

Examination of the spectrum of p-nitrobenzyl chloride 
(Figure 1; No. 39) shows prominent bands near 1610, 
1540, 1350, 1270, 1105, 860, 800 and 705 cm-I. Marked 
absorptions in these regions are also observed in the spectra 
of the derivatives. The 1 3  50 cm-I band representing the 
nitro symmetric stretching vibration and the 1540 cm-I 
band representing the nitro asymmetric stretching vibra- 
tion (9) are in all instances particularly sharp and intense. 
Thus, the presence of a p-nitrobenzyl group as a common 
moiety of the complexes is in full agreement with the 

spectral characteristics of these molecules and the postu- 
lated reaction mechanism. 
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During preparation of acrylonitrile-l-d, 
C H e z C H D - - C N ,  

N o t e  

by DeO exchange, as described by Leitch (1),  it was 
found that a linear relationship obtained between ab- 
sorbance values for the 1165 cm -x band and the degree 
of exchange indicated by mass spectrometer data. This 
note contains a brief descrlptmn of the exchange experi- 
ment, spectra of acrylomtrile before and after deuteration, 
and a table of IR and mass spectral data recorded at inter- 
vals during the exchange. 


