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to the development of the derivative formation proce- 
dure described below. 

Ten par t s  of the sa tura ted  hydroxylamine hydrochloride solu- 
tion are mixed with 3 par t s  of 20% KOt t ,  and the prec ip i tated  
potass ium chloride is removed by filtration. This results in a 
solution tha t  is only about  60% neutra l ized  and wi l l  react  only 
with lactones under  the prescribed condit ions  of the test. The 
par t ia l ly  neutralized hydroxy]amine reagent  is added to the 
mater ia l  to be tested and held for  15 min. at  65~ The reac- 
t ion  mixture is then cooled; and an appropr ia te  quant i ty  is 
appl ied  to the chromatographic  paper.  All of the ethyl esters 
of f a t t y  acids f rom butyr ic  through stearic, t r ibutyr in ,  and 
glycerol mono-stearate  and all of the lactones  l isted in Table I 
were subjected to the modified test  as follows. 

Approximately  10 rag. of lactone or ester were reacted under  
the above stated condit ions  with 0.2 ml. of hydroxylamine 
reagent,  and then 2 k (equivalent to about  0.1 mg. of lactone) 
of the mixture were applied to the paper.  Solvent system 
No. 3 was used in  developing the chromatogram. Spots  ap- 
peared only f rom ]actone derivatives  when the developed chro- 
matograms  were sprayed with 1% FeC]3 solution. The same 
results  were obtained when lactones were first mixed with 
some of the ethyl esters or glyceride mater ia l  and then reacted 
with the modified hydroxylamine reagent.  When the same com- 
pounds were reacted with alkaline hydroxylamine and then 
chromatographed,  spots appeared corresponding to each ]actone 
and ester. These results  indicated that  besides being used as a 
method for  the identification of the lactones  present  in  an un- 
known mixture,  the two chromatographic  procedures could be 
helpful  in  i d e n t i f y i n g  some of the esters tha t  are present.  A n y  
spots appear ing on the chromatogram developed f rom the alka- 
l ine hydroxylamine mixture  tha t  did not  show up on the chro- 
ma tog ram developed f rom the par t ia l ly  neutral ized,  reagent  
mixture  would have arisen f rom ester mater ia l .  

Analys is  of Synthet ic  Peach Extracts  

An  analysis  of three synthetic peach extracts can 
be cited as a practical demonstration of the use of 
these chromatographic techniques. The peach ex- 
tracts, suitable for fort i fy ing peach ice cream, were 
obtained from different flavor manufacturers .  

One ml. of partial ly neutral ized hydroxylamine  
reagent was added t o  1-ml. quantities of each flavor 
extract. To each extract in another series of tubes 
was added 1 ml. of  the alkaline hydroxylamine  so- 
lut ion described previously.  Samples (50 rag.) of 
gamma decalaetone, gamma hendecalaetone (gamma 
undeealaetone) ,  ethyl acetate, and ethyl butyrate 
were treated in like manner.  All  tubes were placed 
in a 65~ water  bath for 15 rain. After  cooling, five 
s quantities were spotted on paper and the chroma- 
tograms were developed, using solvent system No. 3. 
The data ob ta ined  from this study are found in 
Table I I .  

These chromatograms revealed that  gamma hen- 
decalaetone was the only lactone present. The chro- 
matogram developed from the alkaline hydroxylamine 

TABLE II 
Chromatographic Analysis of Synthetic Peach Extracts 

Ethyl acetate ..................................... 
Ethyl butyrate ................................... 

"y-Decalactone ............................... 
"y-Undecalactone ........................... 

Peach extract A ................................ 

Peach extract B ................................ 
Peach extract C ................................. 

Rf values of spots appearing 
on chromatograms 

Using 
partially 

neutralized 
hydroxylamine 

reagent 

No spot 
No spot 

0.81 
0.88 
0.87 

0.87 
No spots 

Using 
alkaline 

hydroxylamine 
reagent 

0.19 
0.72 
0.82 
0.87 
0.05, o.19, 
0.44, 0.87 
0.88, 0.69 
No spots 

reaction revealed the presence of other ester mate- 
rial in two of the extracts. While  no attempt was 
made to ident i fy  these esters, an acetate in peach 
extract A and a butyrate in B may  be indicated. 
Peach extract C apparently  contained neither lac- 
tone nor ester material  since no spots appeared on 
the chromatogram. It  was noted that extracts A and 
B were superior to extract C as flavor fortifiers in 
peach ice cream. 

Summary  
Paper chromatographic procedures are described, 

whereby a homologous series of n-aliphatic gamma 
Iaetones from butyrolactone through dodeealactone 
can be resolved as hydroxamic acid derivatives. Simi- 
lar resolutions can be obtained with a series of n-ali- 
phatic delta lactones from nonalactone through do- 
deealactone. Procedures also are described, whereby 
lactones in the presence of ester or glyceride material  
can be identified us ing a modified hydroxylamine  rea- 
gent. Analyses  of commercial  synthetic  peach extracts 
demonstrate the practical use of these procedures. 
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Benzamides, p-Nitrobenzamides, Benzenesulfonamides, p-Toluene- 
sulfonamides, and Acetamides as Identification Derivatives 
of Long-Chain Amines 
RICHARD SASIN, WALTER A. BUTTE JR., ALAN L. BORROR, ond GEORGE S. SASIN, 
Drexel Institute of Technology, Philadelphia, Pennsylvania 

THOUGH LONG-CHAIN AMINES have been manufac- 
tured for several years, very  few derivatives 
have been reported that are suitable for identi- 

fication. Previous to this s tudy substituted benzene 
sulfonamides and phenylthioureas of dodecylamine, 
tetradecylamine, hexadecylamine, and octadecylamine, 

as well  as the substituted acetamide and the substi- 
tuted benzamide derived from octadecylamine were 
the only  derivatives which were synthesized from 
readily available reagents and could be useful  as 
identification derivatives (1, 2).  

In this study straight-forward, simple procedures 
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for  the preparat ion of the derivas were utilized, 
and the derivatives were evaluated for identification 
purposes. Among the compounds examined were the 
substi tuted benzamides, p-nitrobenzamides, benzene- 
sulfonamides, p-toluenesulfonamides, and acetamides 
derived f rom dodecylamine, tetradecylamine, hexa- 
decylamine, and octadecylamine. The substituted 
phenylthioureas are not useful in distinguishing be- 
tween adjacent members of the amine series contain- 
ing an even number of carbon atoms in the C12-C18 
range because their  melting points do not differ suf- 
ficiently (1, 2). 

Experimenta l  

All melting points are corrected and were deter- 
mined by the capil lary tube method. The analyses, 
yields of pure products  obtained, melting points, 
and mixed melting points of the amine derivatives 
are summarized in Table I. The amines were pur- 
chased from the Aldrich Chemical Company. Analy-  
ses were performed by the Huffman Microanalytical 
Laboratories. 

General Procedure for the Preparation of the Ben- 
zenesulfonamides, p-Toluenesulfonamides, and p-Ni- 
trobenzenesulfonamides. Hinsberg 's  method (4) for  
the preparat ion of sulfonamides was modified by 
using methanol in place of water as a solvent. To 
20 ml. of methanol were added 0.01 mole of the ap- 
propriate  amine and 3 ml. of 20% sodium hydroxide 
solution. This mixture  was then shaken with a 25% 
excess of the corresponding sulfonyl chloride for a 
period of five minutes. The solid which resulted was 
separated by filtration and washed with 10 ml. of 3 M 
hydrochloric acid solution. The derivatives were crys- 
tallized repeatedly from ethanol unti l  there was no 
increase in melting point. 

General Procedure~ for the Preparation of the Ben- 
zamides and p-Nitrobenzamides (1). To a solution 
of 0.02 mole of the appropriate  amine in 50 ml. of 
d ry  benzene in a 200-ml., round-bottomed flask, fit- 

ted with a reflux condenser, was added 0.025 mole of 
benzoyl chloride or p-nitrobenzoyl chloride, and the 
mixture was boiled under  gentle reflux for one hour. 
Then another  50 ml. of benzene were added, the 
mixture  was heated to boiling, and the hot solution 
was filtered through a fluted filter paper. On cool- 
ing the filtrate, colorless crystals precipitated, and 
these were separated by filtration. The product  was 
crystallized from ethanol unti l  there was no increase 
in the melting point. 

General Method for the Preparation of Acetamides. 
A mixture of 0.02 mole of the appropriate  amine,  25 
ml. of glacial acetic acid, and 10 ml. of acetic anhy- 
dride was boiled under  gentle reflux for one hour in 
a 200-ml., round-bottomed flask, fitted with a reflux 
condenser. The solution was then poured into 150 ml. 
of ice water, and the result ing solid was separated 
by filtration. N-Hexadeeylacetamide and N-octadecyl- 
acetamide were crystallized to constant melting point 
f rom ethanol while petroleum ether was used as the 
solvent for  the dodecyl and tetradecyl  derivatives. 

Discussion 

A satisfactory identification derivative should be 
an easily prepared crystalline solid with a narrow 
melting range. I ts  melting point moreover should 
differ from derivatives prepared  from similar com- 
pounds sufficiently to distinguish between them, and 
the mixture  of the two derivatives should melt below 
either one. 

The derivatives of most members of a long-chain 
homologous series melt too closely together to be sat- 
isfactory for identification purposes (3). The deriva- 
tives prepared from the amines containing an even 
number of carbon atoms in the C12-Cls range are no 
exception. Among the compounds studied, which in- 
clude 17 previously unrepor ted  derivatives , the most 
sat isfactory are acetamides and benzenesulfonamides 
(Table I ) .  The consecutive members of the former 

T A B L E  I 
Iden t i f i ca t ion  D e r i v a t i v e s  of L o n g - C h a i n  Amines  

Analyses  
:~ixed ~LP .  

Compound Yield 

Benzamides  
N-Dodecyl  
N-Te t radecy l  
N-Hexadecy l  ...... 
N-Octadecyl  a 

, -Ni t robenzamldes  
N-Dodecyl  
N-Te t radecy l  
N-Hexadecy l  
N-Octadecyl.  

Benzenesu l fonamides  
N-Dodecyl  b. 
N-Te t r adecy l  c 
N-Hexadecyl '4  
N-Octadecyl  e . . . . . . . . . . . . . . .  

~-Toluenesulfonamides 
N-Dodecyl  
N-Te t radecy l  
N- t t exadecy l  
N-Oc tadecy l  

*-Ni t robenzenesulfonamides  
•-Dodecyl  
N-Tet radecy]  
N-Hexadecy l  
N-Octadecyl  

Ace tamides  
N-Dodecylf .  
N-Te t radecy l  
N-Hexadeey l  
N-Octadecylg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

% 

42 
40  
60 
50 

55 
47  
51 
41 

62 
45 
54 
37 

46  
49 
69 
56 

51 
45 
44  
41 

52 
58 
61 
37 

~r w i t h  nex t  
h i g h e r  

member  

~ ~ 

6 8 - 6 8 . 5  6 2 . 5 - 6 6  
7 5 - 7 5 . 5  7 0 - 7 3 . 5  
7 8 . 5 - 7 9 . 5  7 6 - 7 8 . 5  
8 5 - 8 5 . 5  .... 

96 .5 . -97  8 7 . 5 - 8 9  
9 9 - 9 9 . 5  9 0 - 9 2 . 5  

1 0 1 . 5 - 1 0 2  9 4 . 5 - 9 7  
1 0 4 - 1 0 4 . 5  .... 

59 5 3 - 5 4  
6 6 . 5 - 6 7  6 1 - 6 2  
7 1 . 5 - 7 2  6 7 - 6 9  
78 .... 

74  6 8 - 6 9  
80 7 4 - 7 5  
84.5  7 8 - 7 9  
8 9 - 8 9 . 5  .... 

8 9 - 9 0  8 3 . 5 - 8 5 . 5  
9 2 . 5 - 9 3  9 2 . 5 - 9 3 . 5  
9 3 . 5 - 9 4  9 1 . 5 - 9 3  
9 4 . 5 - 9 5 . 5  .... 

57 5 1 - 5 3 . 5  
65 6 0 - 6 0 . 5  
7 1 - 7 1 . 5  6 7 - 7 0  
79 .... 

Ca rbon  H y d r o g e n  

F o u n d  Calc 'd  F o u n d  

% % % 

78.8  10 .8  11 .0  
79 .0  11.1  11 .0  
80.3  11 .4  1 ] . 5  

6"~:~ 90 9.2 
69.9  9.5 9:6 
71 .0  9.8 10 .0  
71 .6  10.3 10.3  

67.3  9.9 10.1  
68.9 10.1  10 .4  
69 .7  10 .4  10.2  
71.1  10 .7  10 .8  

58.3  8.2 8.2 
60 .5  8.6 8.7 
62.1  9 .0  9.1 
63.3 9.3 9.3 

75 .6  13 .0  13.3  
76 .7  13 .2  13.2  

Calc 'd  

% 

P r e v i o u s l y  r e p o r t e d  to mel t  a t  
a - - 8 5 - 8 5 . 5  ~ Ref .  1 
b - - 5 7 . 5 - 5 8  ~ Ref .  1 
c - - 6 6 - 6 7  ~ Ref .  2 

d - - 7 1 - 7 2  ~ Ref .  2 f - - 5 3 . 5 - 5 4  ~ Ref.  1 
e - - 7 7 - 7 7 . 5  ~ Ref.  1 g - - 7 6 - 7 7 . 5  ~ Ref.  1 
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series melt approximately 7 ~ apart  and of the latter, 
approximately 6 ~ apart.  The equimolar mixtures of 
the consecutive members iu both series melt at a 
lower temperature  than either member. 

Summary 
Benzamides, p - n i t r o b e n z a m i d e s ,  benzenesulfona= 

mides, p-toluenesulfonamides,  p-nitrobenzenesulfona- 
mides, and acetamides of dodecyl, tetradecyl, hexa- 
deeyl, and octadecyl amines were synthesized and 
evaluated as identification derivatives. Aeetamides 

melt approximately 7 ~ apar t  and the benzene sulfona- 
mides approximately 6 ~ apart.  Seventeen previously 
unrepor ted compounds were prepared. 
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:Suggested Additional Equipment for the Determination 
Of Polyunsaturated Fatty Acids I 
F. I. COLLINS and V. E. SEDGWICK, 2 U. S. Regional Soybean Laboratory, Urbana, Illinois 

T 
HE RAPID SPECTROPHOTOMETRIC METHOD (1) pub- 
lished in Apri l  1956 can be improved by adding 
two simple mechanical devices. These pieces of 

equipment, as shown in Figure  1, are slideboard as- 
semblies (A),  which are used to drop the small cups 
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l~m. 1. S l ideboard  assembl ies  (A)  and  bo t t l e  c lamps  ( B ) .  

of oil into each of the bottles in a t r ay  simultaneously, 
and clamps (B) used to prevent  any  leakage of solu- 
tion during the vigorous shaking process so necessary 
to dissolve the isomerized mixture  in methanol. 

Use of these devices has increased the number of 
samples that  can be analyzed by one technician from 
36 per day to 48; has eliminated entirely any spoiled 
analyses f rom leakage; has improved the checking of 
duplicates; and has reduced the time of oven heating 
by 20 to 30 min. because of less cooling of the t rays  
and bottles of reagent in the shortened time interval  
required to drop the oil cups into the bottles. 

The technician should have a slideboard filled with 
oil cups for each t r ay  of bottles in the oven and two 
clamps to accelerate the shaking procedure. 

Publication No. 290 of the U. S. Regional Soybean L~bdra~t~ry. 
Chemist and Agent (Physical Science Aid), respectively, Field Crops 

Research Branch, Agricultural Research Service, U. S. Department of 
Agriculture, 

ii i i ; I., ,.) --{ 

Pro. 2. Cons t ruc t ion  of a, s l ideboard.  The upper  board  of 
each assembly  sl ides % in. l eng thwise  on the  lower board  a~d 
is locked in  pos i t ion  wi th  a. p in  so t h a t  the  holes in  the  two 
boards  do ~o t  no rma l ly  coincide. Thus the 12 cups of oil, p laced  
in  the holes a t  the t ime  of weighing ,  are  suppor t ed  by the lower 
board  u n t i l  they  are  dropped by s l id ing  act ion.  

Details of the construction of a slideboard are 
shown in Figure  2. Each of the bottle clamps, shown 
in F igure  1, is made of two magnesium blocks, a bolt 
with a wing nut, and a spring to hold the empty 
clamp open. Wooden or aluminum blocks in place of 
the magnesium blocks are equally satisfactory. 
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