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Protein and free amino acids from two sizes of cotton flower buds were analyzed by ion 
exchange chromatography to provide information to be used in the development of 
ariificial diets for the boll weevil (Anthonornus grandis Boheman). Amino acids from 
several parts of the bud were analyzed; the most complete data were obtained from 
the anthers, since these constitute the adult weevil's main source of food. Only 9.4y0 of 
the total amino acids in the anthers occurred in the free form; of these, asparagine, 
glutamine, and proline were present in the greatest amounts. Amino acids in the protein 
were present in amounts comparable to those in other plant proteins, with relatively 
large quantities of aspartic and glutamic acids, leucine, alanine, glycine, and lysine. 

RTIFICIAL diets are used at different A laboratories for rearing the boll 
weevil, Anthonornus grandis Boheman ( I ,  
3. 70-72). However. for certain re- 
search purposes, these diets are unsuit- 
able, primarily because they differ in 
composition from the cotton flower bud 
(commonly called the square) on which 
the weevil feeds. For example. diets 
containing casein would not be expected 
to have the same relative amounts of 
amino acids as the cotton plant. 

Diets closely resembling the weevil's 
natural food were needed for studies of 
the physiology of diapause, host plant 
resistance, and fatty acid and carbohy- 
drate metabolism. To develop a satis- 
factory laboratory diet, a knowledge of 
the composition of the insect's natural 
food was needed. Amino acids were 
considered first, since these are among 
the most important dietary constituents. 
A survey of the literature revea!ed nu- 
merous reports on analyses of cottonseed 
and its by-products but almost no infor- 
mation on amino acids in cotton squares. 
Therefore, analytical work was under- 
taken to develop the desired information. 

Selection of plant parts for analysis 
was based on the feeding habits of the 
weevil. The adult Xceevil perforates the 
outer square covering (sepals and petals) 
and feeds on immature anthers. The 
female lays its eggs individually among 
the anthers in cavities formed by feeding. 
Newly hatched larvae feed on the anthers 
for several days and then migrate to the 
ovarial region in the center of the cotton 
square. 

The amino acids in the anthers were 
considered to be of greatest interest; 
thus. most analyses involved this part of 
the flower bud. A few samples of sepals 
and petals and of ovaries were analyzed 
for comparison. The amino acid com- 
position of the natural food of the closely 
related thurberia weevil, dnthonomus 
grandis thurberiae Pierce, was also deter- 

mined. For this purpose, a sample of 
young bolls from the host plant of this 
species was analyzed. 

Experimental 
Selection and Preparation of Sam- 

ples. An American Upland cotton. 
D.P.L.-15 (Gossjpium hirsutum L.) used 
in many cotton-growing areas, was the 
source of squares. With bracteoles and 
stems removed, squares were divided into 
two groups according to size; the smaller 
squares weighed 0.3 + 0.1 gram and the 
larger, 0.6 i 0.1 gram. Adult weevils 
feed readily on both sizes, but lay most 
of their eggs in the smaller (4). 

Squares of each of the two sizes, 
collected at  two different times during 
the year, were analyzed for anther 
amino acids. The squares collected in 
February came from the greenhouse and 
those collected in June from plants in 
the field. A third collection of the 
smaller squares, taken from the field 
in December, was analyzed for anther, 
sepal, and ovary amino acids. 

A sample of bolls from the thurberia 
weevil host cotton. Gossypium thurberi 
Todaro, was obtained in February from 
greenhouse plants. The total weight 
of seven bolls, with bracteoles and stems 
removed, was 5.57 grams. 

In preparing samples of squares for 
extraction, the sepals and petals ( A ,  
Figure 1) were removed after cutting a 
ring around the middle of the square 
with a razor blade, a t  point D. The 
anthers, B. which comprised the sample 
of greatest interest, were then scraped 
from the style with jewelers' forceps. 
The ovary and style, C: were removed by 
making a transverse cut along line E 
near the base of the square. During 
dissection. the samples were cooled 
with crushed ice. Sufficient absolute 
ethanol was added to make a final 
concentration of SOY0 ethanol by volume. 
Samples not immediately extracted were 
stored at  -15' C. 

For extraction of free amino acids. 
tissues were homogenized for 2 minutes in 
a VirTis 45 homogenizer, then trans- 
ferred to a tube for centrifugation, after 

which the supernatant was decanted 
The residues were extracted three addi- 
tional times with SOY0 ethanol. The 
extracts were combined and brought to 
dryness on a rotary evaporator, the tem- 

Figure 1. Cotton square showing 
selected parts 
A. Sepals and petals 
8. Anthers 
C. Style and ovaries 
D. Point a t  which sepals and petals were re- 

moved 
E. Point a t  which ovaries were removed from 

base 

perature not exceeding 50" C. The 
amino acids were then dissolved in 
sodium citrate buffer (pH 3.25) and 
stored at  -15' C. 

Bolls of G. thurberi were diced and the 
free amino acids extracted, dissolved in 
buffer, and stored as described above. 

Since the chromatographic procedure 
will not separate asparagine and glut- 
amine from threonine and serine, they 
were converted to aspartic and glutamic 
acids by refluxing a small portion of the 
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ethanol extract with an equal volume of 
constant boiling hydrochloric acid for 1 
hour. The differences between the 
quantities of aspartik and glutamic acids 
found before and ,after mild hydrolysis 
represented the amounts of asparagine 
and glutamine present. The conversion 
of asparagine and glutamine to their 
respective acids also made it possible to 
determine threonine: and serine. 

To  determine to what extent bound 
amino acids were extracted from anthers 
by S070 ethanol, the amino acids in an 
extract of anthers were determined 
before and after an 18-hour acid hydrol- 
ysis. Increases in amino acids resulting 
from hydrolysis Lvere attributed to pep- 
tides or other bound amino acids in the 
80% ethanol extract. 

The residues remaining after the ex- 
traction of free amino acids were further 
extracted \sith atisolute ethanol and 
petroleum ether. dried in a desiccator 
over calcium chloride. then hydrolyzed 
in constant boilin15 hydrochloric acid 
distilled from an al::-glass apparatus. A 
50-mg. portion of each residue was 
refluxed in 50 ml. of acid for 18 hours. 
As recommended by Dustin (2). a rela- 
tively large volume of acid was used for 
samples containing: large amounts of 
carbohydrates. The hydrochloric acid 
was removed in a vacuum desiccator 
containing sodium hydroxide, and the 
amino acids were dissolved in p H  3.25 
buffer. Insoluble materials were re- 
moved by filtration. The filtrates Lvere 
stored until use a t  -15' C. 

Analysis. The ion exchange column 
chromatography prlxedure described by 
Moore. Spackman, and Stein (7) was 
used to identify the amino acids. Two- 
milliliter effluent fractions were collected 
with siphon-operated automatic fraction 
collectors and the fractions were heated 
in an electric tube heater with a nin- 
hydrin reagent (8). Absorbance was 
measured \sith a Spectronic 20 colorim- 
eter. Results \sere expressed as micro- 
moles per gram wet weight of sample. 

.4n automatic stopcock changer was 
designed and built to change buffer solu- 
tions on the long column after about 20 
hours' operation. Two buffer-contain- 
ing flasks under equal pressure \sere 
attached to a three-way stopcock above 
the column. A small low-speed motor, 
mounted in position to rotate the stop- 
cock, was started at  a predetermined 
time with an electric timer and stopped 
by a cam-operated switch after one-half 
revolution. This procedure allowed 
more continuous operation of the 
columns, and permitted the completion 
of three analyses in 1 week. 

Mixtures made u p  of known amounts 
of 16 different amino acids were chroma- 
tographed four or more times to deter- 
mine per cent recoveries. The standard 
deviation for all analyses averaged 
=k9.8YO. Four of the amino acids had 
standard deviations greater than the 
average: arpartic acid, proline. glycine, 
and alanine. The per cent recoveries of 
ammonia and the methionine sulfoxides 
were not determined; values for these 
constituents were reported as leucine 
equivalents. 

Table 1. Amino Acids in Anthers of Cotton Squares of Different Sizes 
(pmoles amino acid per gram w e t  weight)  

Peptide 

Small l a rge  Smal l  l a r g e  Mixed 

Aspartic acid 0 .71  0 . 5 3  31 .6  31 . 6  0 .72  
.4sparagine 12 .50  7 , 2 7  c 

Threonine 0 .71  0 63 1 5 . 2  1 6 . 3  0 . 2 4  
Serine I .52 1 . 2 9  2 2 . 0  21 .9  0 .72  
Glutamine 6 .32  4 59 c c c 

Free Amino Acidsa Profein Amino Acidsa Amino Acids,h 

Glutamic acid 2 39 2 12 38 4 37 1 1 82 
Proline 2 01 10 76 19 1 17 2 0 59 
Glycine 0 74 0 46 28 9 30 6 1 13 
Alanine 2 . 8 0  2 20 2 8 . 4  27 .9  0 . 8 5  
Valine 0 . 9 5  0 .61  2 1 . 6  20 .5  0 .42  
Methionine 0 . 3 I d  0 .24 '  5 6  5 . 9  0 .23  
Isoleucine 0 55 0 37 18 1 18 8 0 58 
Leucine 0 90 0 63 27 9 26 9 0 62 

Phenylalanine 0 12 0 25 12 0 12 4 0 30 
Tyrosine 0 10 0 23 9 4  8 5  0 20 

Peak'Be f 0 . 7  0 . 7  0 . 3 6  
Peak C e  0 . 1 2  0 . 1 4  f I f 
Lysine 0 .56  0 . 5 6  2 6 . 3  26 8 0 . 4 1  
Histidine 0 .30  0 . 4 4  6 . 8  6 . 9  0 . 0 4  
Ammonia' 6 .33  6 . 1 1  34 .6  33 .3  3 .21  
Arginine 0 . 5 9  0 . 3 3  1 4 . 8  13 5 0 .11  

.4verage values for samples collected in February and June. 
Amide included in respective amino acid value. 

Extracted by 80% 
Includes methionine sulf- ethanol. 

oxides. e Reported as leucine equivalents. f Below sensitivity of method. 

Table II. Amino Acids of Three Cotton Square Parts Collected from 

Amino acid 

Aspartic acid 
Asparagine 
Threonine 
Serine 
Glutamine 
Glutamic acid 
Proline 
Glycine 
Alanine 
Valine 
Methionine 
Isoleucine 
Leucine 
Tyrosine 
Phenylalanine 
Peak A" 
Peak Bc 
Peak (7 
Lysine 
Histidine 
Ammoniac 
Peak D" 
Arginine 

Field in December 
(!moles amino acid per gram wet  weight)  

Free Amino Acids Profein Amino Acids 

Anthers Ovaries Sepols Anthers Ovaries Sepals 

3.45  1 .07 0 .77  26 .3  29 .8  22 .0  
36 20 24 15 9 94 
1 28 0 39 0 37 13 I 14 4 12 3 
2 93 1 75 1 64 17 8 19 9 16 0 
7 52 2 49 1 78 a 
2 .71  3 . 1 6  1 . 3 9  2 8 . 8  37 .6  2 7 . 9  

Trace Trace Trace 14 7 22 7 15 . 7  
0 39 0 51 0 11 25 4 25 6 23 2 
3 00 2 46 1 48 24 5 28 6 20 2 
1 51 0 36 0 15 18 0 20 1 14 0 
0 . 2 3  Trace b 4 . 1  6 . 1  1 . 2  
1 . 6 3  0 . 1 9  0 .11  14 .7  1 7 . 5  1 2 . 4  
1 21 0 23 0 09 22 7 26 9 18 6 
0 22 7 4  5 9  5 5  
0 25 9 0  11 0 6 1  

h h 

b b 
b b b b h 

b b h b 0 5  
1 50 

0 08 
1 .11  0 . 6 1  0 . 2 5  h 

0 .67  0 . 1 7  0 .16  2 1 . 5  30 .0  2 0 . 6  
2 .64  0 . 9 5  0 .57  5 . 7  7 . 1  4 . 9  
3.19 3 .28  3.25d 32 .1  35 .1  25 .7  

0 .62  3 .02  0 . 0 9  1 3 . 2  1 8 . 4  1 0 . 1  

b b 

5 b h b b 0 .17  

" Amide included in respectile amino acid value. Below sensiti\ity of method. Re- 
ported as leucine equivalents. d Two peaks reported as ammonia. 

The recoveries of asparagine and glu- 
tamine as aspartic and glutamic acids 
were found to be 1 0 0 ~ O .  Analyses of 
cystine and tryptophan in protein Lvere 
not attempted. 

The total nitrogen for free amino acid 
extracts and protein hydrolyzates isas de- 
termined by a ninhydrin procedure 
adapted from the procedures described 
by Fels and Veatch (5) and Kanchakk ( 6 ) .  

Results 

Free Amino Acids. TI$enty com- 
ponents were detected in the alcoholic 

extracts of anthers. as shown in Table I. 
The data as shown are averages of the 
samples taken in February from the 
greenhouse and in June from the field. 
The t\so major components in decreasing 
order for small squares were asparagine 
and gluramine, and for the large squares 
\sere proline and asparagine. Aspara- 
gine, glutamine, proline, and ammonia 
comprised about 70% of the total ninhy- 
drin-positive materials identified. 

Only serine. glutamic acid, and ala- 
nine in addition to the three components 
mentioned above, rvere found in quanti- 
ties greater than 1 Fmole per gram wet 
\veight. 
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A component occurring only in the 
extracts of February greenhouse collec- 
tions of hirsutum anthers and thurberi bolls 
appeared in the effluent slightly before 
aspartic acid. This component, thought 
to be methionine sulfoxide, was reported 
as methionine. In each case methionine 
was very low or absent. 

An unidentified material (peak C) oc- 
curred in all free amino acid extracts. 
Its position was identical to that of hy- 
droxylysine; however, it was destroyed 
by mild hydrolysis and was not believed 
to be hydroxylysine. An unknown 
material also occurred in hydrolyzates 
of protein and free amino acid samples 
(peak B) .  

In Table 11, a complete amino acid 
analysis of small squares collected in 
December is shown. Except for glu- 
tamic acid, glycine. and arginine, each 
free amino acid decreased in quantity 
from anthers to ovaries to sepals. The 
largest free component in each type of 
tissue was asparagine, which comprised 
51% of the total in anthers, 52% in 
ovaries, and 44% in sepals. .An un- 
identified material (peak A )  occurred in 
the ovary analysis in a position similar to 
that of y-aminobutyric acid. The iden- 
tification of this component was not con- 
firmed. Plaisted ( 9 ) ,  however, identi- 
fied y-aminobutyric acid among the free 
amino acids from the leaves of cotton. 

Generally, the values for anther free 
amino acids in the February and June 
collections were less than those in the 
December collection. The total, for 
large or small squares, in February and 
June was less than 60% of that in Decem- 
ber. Total amino acids recovered from 
the ovary extract were about one third 
less than those from the anthers, and 
those from the sepals about two thirds 
less. 

The unidentified components (peaks 
B and D) in the sepal extract were not 
found in other free amino acid extracts. 
Peak B, however, appeared to be similar 
to unidentified peaks in several of the 
hydrolyzates. A component of the sepal 
extract, reported as ammonia, appeared 
to consist of two components; the sec- 
ond was not identified. 

The amount of asparagine (as shown 
in Table 111) in the bolls of G. thurberi 
was about twice as large as the total of 
all other free amino acids. The second 
largest, glutamine. occurred in quantities 
similar to those found in square anthers. 
Except for aspartic acid and threonine, 
most free amino acids were detected in 
smaller quantities in thurberi bolls than 
in hirsutum squares. 

Peptide Amino Acids. The sample 
used to determine that bound amino 
acids were being extracted by 80% 
ethanol was of mixed sizes. The in- 
creases (shown in Table I) after hydrolysis 
of the extract indicated that significant 
amounts of peptide or otherwise bound 
amino acids were being extracted. 

Protein Amino Acids. The amino 
acids as detected in the hydrolyzed 
protein samples from squares are also 
shown in Tables 1 and 11. Eighteen 
components were found in the anthers, 
one of which (peak B )  was not identified. 

The results shown in Table I are an 
average of the data from February green- 
house and June field square anthers. 
The quantities from the two sizes were 
similar. The constituents of the ovary 
and sepal proteins from the December 
collection (Table 11) were similar to 
anther protein; however, they varied 
a great deal in total amount. The ovary 
total was 22% greater and the sepal total 
14% less than in anthers of the same 
squares. 

Thurberi boll protein constituents, as 
shown in Table 111, were very similar to 
those found in hirsutum square anthers. 
The total amount of protein in the bolls, 
however, was only 50% of that from 
anthers. 

The largest constituents in the anther 
and boll samples were aspartic and glu- 
tamic acids, glycine, and alanine. The 
presence of large amounts of ammonia in 
the hydrolyzates indicated that part of 
the aspartic and glutamic acids present 
might have arisen from the related amino 
acids asparagine and glutamine. 

Discussion 
Collections of cotton squares analyzed 

from the greenhouse in February and 
the field in June and December (equiva- 
lent to late fall) were considered a cross 
section of plant growth conditions. In- 
dividual differences did occur between 
the February and June collections, but 
these were less pronounced than differ- 
ences due to square size. 

The results of analyses of cotton 
anthers differed in several respects from 
those reported by Plaisted ( 9 )  for cotton 
leaves. The ratio of free to protein 
amino acids in leaves was about twice 
that in anthers. The leaves also con- 
tained greater amounts of free aspartic 
and glutamic acids. The relative 
amounts of the various amino acids in 
anther and leaf protein were also dis- 
similar. 

Of the 23 ninhydrin-positive com- 
ponents detected in the various samples 
of cotton squares, four remained uniden- 
tified. The only one of these found in 
large enough amounts to be of interest 
\vas suspected to be y-aminobutyric acid. 

The total nitrogen values for the 80% 
ethanol (free amino acid) extracts ranged 
from 1.89 mg. per gram wet weight for 
large anthers collected in June to 3.49 
mg. for anthers collected in December. 
The free and peptide amino acids ac- 
counted for only 37 to 69y0 of the total 
nitrogen in these extracts. About one 
fourth of this was in the form of peptides. 

The values for total nitrogen in the 
protein hydrolyzates ranged from 5.6 
mg. per gram wet weight for anthers col- 

Table 111. Amino Acids of Thurberi 
Bolls 

(pmoles amino acid per gram wet weighf) 

Acids Amino Acids Amino Acid 
Free Amino Protein 

Asoartic acid 1.17 20.7 
Asparagine 40.90 
Threonine 1.20 7.9 
Serine 1.74 10.6 
Glutamine 5.36 
Glutamic acid 1 ,66 20.1 
Proline 1.61 8.8 
Glycine 0.18 14.5 
Alanine 2.13 12.4 
Valine 0.50 11.2 
Methionine O.OBb 2.3 
Isoleucine 0.12 8.3 
Leucine 0.05 13.2 
Tvrosine e 4.3 
PLen ylalanine c 6.0 
Peak Cd 0.18 C 

Lysine 0.34 12.3 
Histidine 0.43 3.4 
Ammoniad 2.55 26.1 
Arginine 0.36 9.5 

a Amide included in respective amino 
acid value. Includes methionine sul- 
foxides. Below sensitivity of method. 
d Reported as leucine equivalents. 

lected in December to 8.6 mg. for ovaries 
collected in December. Recovery of 
nitrogen as amino acids from anther pro- 
tein based on total nitrogen was 98.5 to 
106.2%. The recoveries for ovary and 
sepal samples were 86 and 8270. respec- 
tively. 

The applicability of these data to 
nutritional research is currently being 
investigated. Preliminary results with 
artificial diets have been very promising. 
A diet for adult \veevils containing an 
acetone powder of cotton squares as the 
protein source, and a mixture of L-amino 
acids based on analyses of anthers, has 
given very good results. .A laboratory 
culture of weevils maintained an average 
oviposition rate of more than 7 eggs per 
female per day over a 10-day period. 
This oviposition rate was almost as high 
as that obtained by allowing weevils to 
feed on fresh cotton squares. These re- 
sults n i l1  be reported in more detail 
elsewhere. 
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I N S E C T I C I D E  ACTIVITY A N D  STRUCTURE 

N-Alkyl Carbamates as Insecticides 
and Pyrethrins Synergists 

H. 1. THAYER, R. J. HARTLE, and 
A. MALLIS 
New Products Division, Gulf Re- 
search & Development Co., Pitts- 
burgh 30, Pa. 

Of a series of N-alkyl carbamates three were found to show appreciable insecticidal 
activity against houseflies: 4-indany1, 5-indany1, and 3,4-methylenedioxyphenyl N- 
methyl carbamate. Other carbamates which were not toxic were effective synergists 
for pyrethrins and allethrin against cockroaches and houseflies; one outstanding example 
of this type was 3,4-methylenedioxyphenyl N-butoxyethoxyethyl carbamate. 

OR some time certain carbamates F have been known to possess physi- 
ological activity, but particular interest 
in this class of com~~ounds  as pesticides 
has grown rapidly since 1947 (79, 20). 
Various aryl and heterocyclic esters of 
iV-alkyl and N,A'-dialkyl carbamates 
have been shown tal be toxic to house- 
flies as well as aphids, thrips, mosquito 
larvae, and other insects (7, 7 7 ,  72, 78, 
27, and others). Also, the pyrethrins 
synergistic activity of carbamates to 
houseflies has been investigated and 
reported in a few instances. Prill 
(24, 25) has claimed certain 3,4-methyl- 
enedioxyphenylalkyl 11'-alkyl carba- 
mates to be pyrethrins synergists. In  
contrast, several :1,4-methylenedioxy- 
phenyl .\.'-aryl carbamates show only 
slight synergism for pyrethrins ( 7 ,  2, 9). 

OUI original interest was in determin- 
ing the effectiveness of the indanyl 
moiety in a carbamate type of insecti- 
cide or pyrethrins synergist. Because 
the 5-indanyl and 3,4-methylenedioxy- 
phenyl groups are similar to one another 
with respect to the spatial relations of 
their atoms, indanyl derivatives might 
show insecticidal or synergistic activity 
comparable to that of 3,4-methylene- 
dioxyphenyl derivatives. Our second 
objective was to determine the effective- 
ness of Oxo-octyl-that is, mixture of 
octyl isomers obtained in the Oxo 
process (77)--derivatives of carbamates. 
Both the alcohol and the amine mixtures 
were used in the preparation of these 
compounds. 

Experimental 

Syntheses. The compounds evalu- 
ated in this study, listed in Tables I and 
11, were synthesized by one of two 
methods : 

Method A. R ' X C O  f ROH 4 
R'NHCOOR 

Method B. R 'NH2 + ROCOCI -+ 
R 'NHCOOR 

or R z ' N H  or Rz'NCOOR 

Choice of Method A or B was de- 
termined by the availability of starting 
materials. Methyl, ethyl, n-butyl, n- 
undecyl, and n-octadecyl isocyanates 
were obtained from commercial sources. 
n-Heptyl and n-butoxyethoxyethyl iso- 
cyanates were prepared from acid 
chlorides (76). With the exception of 
3,4-methylenedioxybenzyl alcohol (j), 
all of the alcohols, amines, and phenols 
were purchased. 

Method A. The synthesis of bu- 
toxyerhoxyethyl isocyanate (IV) and 
the carbamate, S-16, formed by the 
reaction of IV with 3-4-methylenedioxy- 
phenol (sesamol) illustrates this pro- 
cedure. The reactions involved in the 
preparation of the isocyanate are as 
follows (6) : 

35% solution of Triton B in methanol 
were added 106 grams (2 moles) of 
freshly distilled acrylonitrile. The ad- 
dition was carried out a t  a rate to main- 
tain a reaction temperature of 45' to 
50" C. The mixture was stirred a t  
room temperature for 1 hour after ad- 
dition was complete and then made 
slightly acidic with acetic acid and 
filtered. The filtrate was distilled a t  
reduced pressure to yield 293 grams 
(85%) of 3-(2-n-butoxyethoxy)-propioni- 
trile, boiling at  95-97' C. a t  1 to 2 
mm.; n# = 1.4280. 

Analysis. Calculated for C s H n O ~ S :  
C, 63.12; H, 10.00; N, 8.18.- Found: 
C. 63.07; H. 10.17: N. 7.99. 
'3-(2-n-BUTOXYETHOXY)PROPIONIC ACID 

(11). 3- (2-n-Butoxyethoxy)propionitrile 
(257 grams, 1.5 moles) was added drop- 
wise with stirring to 300 grams of con- 
centrated hydrochloric acid which was 
held at 70' C. The mixture was 
stirred a t  this temperature for 3 hours, 
followed by 30 minutes of heating 
at  100' C. \\later was then removed 
from the reaction mixture in a flash 

CdHgOCHzCH20H 4- CH-CHCX Base_ C ~ H ~ O C H Z C H ~ O C H ~ C H Z C N  (I) 
HCI 1 H20 

C4HgOCHzCHzOCHzCH2COCI C ~ H S O C H ~ C H ~ O C H & H Z C O ~ H  (11) 

(111) 
NaN3 

3 - (2 - n - BUTOXYETHOXY)PROPIO- 
NITRILE (I). This compound was pre- 
pared by the base-catalyzed addition of 
butoxyethanol to acrylonitrile following 
the general procedure of Bruson (3). 

To a mixture of 237 grams (2 moles) 
of butoxyethanol (dried over calcium 
hydride and distilled) and 3 ml. of a 

C ~ H , O C H Z C H ~ O C H Z C H ~ N C O  (IV) 

evaporator. The by-product, ammo- 
nium chloride, was separated by filtration 
and washed with ether. The solvent 
was distilled from the filtrate, and the 
product was distilled a t  reduced pres- 
sure to yield 237 grams (837,) of 3- 
(2-n-butoxyethoxy)propionic acid (boil- 
ing point, 134' C.  a t  1.5 mm.). 

VOL. 1 3 ,  NO. 1,  JAN. -FEB.  1 9 6 5  43 


