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TABLE J 

Starting Material Dicyanamides Produced 
Diamines Cyanogen Bromide, Yield, Nitrogen, '% 

No. M.p. Wt., g. Wt., g. Wt., g. yo M.P. Calcd. Found 

1. Hepta- 27-28 12 .3  10.6 6 . 7  78 60-62 31.08 30.89 

3. Xona- 35-37 15.0 10.6 8 . 1  82 40-42 26.89 26.93 
4. Deca- 60-61 16 .4  10.6 

2. Octa- 50-52 13.7 10.6 8 . 0  87 73-74 28.84 28.35 

9 . 2  87 75-76 25.20 24.97 

in all common solvents. The crystals of alkylenedieyanamide 
were placed, for example, on a surface of a glass or metal 
plate and kept in molten state below a temperature of about 
70'. A transparent glassy film resulted having excellent ad- 
hesing properties. The same film could be obtained by coat- 
ing the plate with a solution of alkylenedicyanamide in 
ethanol or acetone followed by drying a t  a suitable tempera- 
ture. 
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Amino acid t-alkyl esters have recently been 
shown2 to be considerably more resistant to self- 
condensation than the ordinarily employed amino 
acid esters of primary alcohols. These results were 
confirmed by Anderson and Callahan3 who were 
unable to observe any change of the refractive index 
of glycine t-butyl ester after storage a t  -20'. 

Storing glycine t-alkyl esters at  room temperature 
over extended periods of time, however, leads to 
formation of glycine peptide esters which may be 
separated by paper chromatography and electro- 
phoresis. For comparison various esters were pre- 
pared via the trityl derivatives according to Z e r v a ~ . ~  
The trityl moiety could selectively be removed 
with acetic acid without hydrolyzing the t-alkyl 
ester group. 

The chromatographic procedures essentially veri- 
fied the expected condensation pattern of glycine 
esters as described by Poroshin, Kozarenko, and 
Khurgin,5 although monomer and dimer of the t- 

(1) Paper 134. This work was aided by grants from the 
United States Public Health Service and the University of 
California. 

(2) A. Vollmar and M. S. Dunn, J .  Org. Chem., 25, 387 
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(3) G. W. Anderson and F. M. Callahan, J .  Am. Chem. 

(4) L. Zervas and D. M. Theodoropoulos, J .  Am. Chem. 
Soc., 82,3359 (1960). 

Soc., 78,1359 (1956). 

alkyl glycinate were still present after twelve 
months, owing to the low reaction rate. The pre- 
cipitated solid of the samples consisted of the tri-y 
tetra-, penta-, hexa-, and heptaester (with the 
penta- as the main component). Piperazinedione 
could be found in small quantities only. In compari- 
son the condensate of isobutyl glycinate had com- 
pletely solidified after ten months a t  room tempera- 
ture. Monomer, dimer, and trimer had disappeared 
and the main constituents were isobutyl tetragly- 
cinate (44.5%), the pentaester (15.50/0), diketo- 
piperazine (16.2%), and the hexaester, besides 
small amounts of the free peptides. 

&Butyl and t-amyl m-alaninate were quite un- 
reactive. After Bteen months there was no evidence 
of peptides being formed. 

The present findings indicate that the condensa- 
tion patterns of isobutyl and t-butyl glycinate differ 
mainly as far as their rates are concerned, though 
the cyclization appears to  be more suppressed with 
the bulky t-alkyl esters. The slow production and 
precipitation of higher peptide esters in the latter 
case (while a large excess of the monomer is still 
available) favor the formation of penta-to hepta- 
esters. 

EXPERIMENTAL 

Materials. Tritylgiycine was prepared by saponification of 
its ethyl ester with potassium hydroxide.' Tritylglycylglycine 
was analogously obtained from its ethyl ester, which was ac- 
cessible from tritylglycine cyanmethyl ester.6 It could also 
be prepared by direct tritylation of digly~ine.~ The trityl 
peptide esters of the t-alcohols were obtained u i a  the mixed 
anhydride method.* The following procedure for removal of 
the trityl group is representative for the t-alkyl peptide esters. 
listed in Table I. 

Trityltriglycine t-butyl ester (2.44 9.) was heated in 15 mI. 
of 80% queous acetic acid for 1.5 min. on the water bath. 
The mixture was diluted with 40 ml. of water and allowed 
to cool. Precipitated triphenylcarbinol was removed by filtra- 
tion, and the filtrate was evaporated in vacuo. The oily resi- 
due was dissolved in ethanol, and the solvent waa removed as 
before. The solution was acidified with methanolic hydro- 
chloric acid, ether was immediately added, and the crys- 
talline precipitate was collected and crystallized twice from 
ethanol-ether, methanol-ether, or water-acetone. The yield 
was 0.995 g. (70%). The purity of each peptide ester was 

(5) K. T. Poroshin, T. D. Koaarenko, and Yu. I. Khur- 
gin, Izvest. A h d .  Nauk S.S.S.R., Otdel. Khim. Nauk 974 
(1956); 563,640,642 (1957). 

(6) R. Schwyzer, B. Iselin, W. Rittel, and P. Sieber, 
Helv. Chim. Acta, 39, 872 (1956). 
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TABLE I 
PHYSICAL CONSTANTS AND ELEMENTARY ANALYSIS OF GLYCINE PEPTIDE ESTERS 

Carbon, % Hydrogen, % Nitrogen, % 
M.P.’ Formula R,* Calcd. Found Calcd. Found Calcd. Found 

Trityldiglycine t-butyl ester 167-168 Cz7HaoNzOs 75.31 75.56 7.02 6 .99  
Trityldiglycine t-amyl ester 148-149 CZEH~ZNZO~ 75.6g 75.78 7.25 7.12 
Diglycine t-butyl ester hydro- 

Diglycine t-amyl ester hydro- 

Diglycine isobutyl ester.HC1 139-140 CsHld31NzOI 0.63  42.76 42.71 7.62 7 .64  12.46 12.40 
Trityltriglycine t-butyl ester 149-150 CtsHaaNsO. 71.43 71.71 6.82 6 .74  
Trityltriglycine t-amyl ester 145-147 CaOHa&NaO4 71.84 72.20 7.03 7.45 
Triglycine t-butyl ester.HC1 174-175 CloHd3lNa0, 0.51 42.62 42.76 7.15 7.02 14.91 14.65 

Triglycine isobutyl ester.HC1 154-155 CloHzoClNaO4 0.51 42.62 42.55 7.15 7.18 14.91 15.10 
Tetraglycine t-butyl esterSHC1 179-180 C12H&lN,06 0.40  42.54 42.73 6.84 6 .90  16.53 16.37 
Tetraglycine isobutyl ester.HC1 162-163 C12H&1N1O6 0.40  42.54 42.76 6 .84  6 .75  16.53 16.74 

Average R f  values of the 
pure compounds in Solvents 11. In  a mixture of several peptide esters the respective R f  value of each peptide becomes smaller 
than the value cited. 

chloride 172-173 C8Hi,ClN203 0.63  42.76 42.85 7.62 7 .57  12.46 12.59 

chloride 160-161 CsHlrClNzOi 0.69  45.28 45.15 8.02 7 .79  11.72 11.91 

Triglycine t-amyl ester.HC1 170 CiiHzzClNaO4 0.56  44.66 44.54 7.49 7.43 14.21 14.37 

AU melting points were determined in capillary tubes. The temperatures were not corrected. 

checked by Chromatography in order to exclude contamina- 
tion with peptide.’ 

Paper chromatography. Descending chromatography was 
carried out with the solvent systems (I) : n-butyl alcohol- 
acetic acid-water 4: 1 : 1 (freshly prepared), and (11) : sec- 
butyl alcohol-formic acid-water 75: 13: 12 (aged more than 
14 days*) on Whatman No. 1 filter paper allowing the sol- 
vent front to migrate 52-53 cm. The detecting spray reagent 
consisted of 0.5 g. of ninhydrin dissolved in a mixture of 100 
ml. of absolute ethanol and 10 ml. of acetic acid. 

A second method to  detect peptides,. peptide esters, and 
diketopiperazine was that  of chlorination and subsequent 
treatment of the chromatogram with tolidine-potassium 
iodine as described by Reindel and H ~ p p e . ~  

For the quantitative determination 5-20 X 10-18 moles of 
the esters were spotted in 5; 10; and 1 5 4 .  aliquots of both 
the known and the unknown solutions in alternating order 
on Whatman No. 1 filter paper. The chromatograms were 
prepared with solvent 11. The color was produced by care- 
fully dipping the air-dried chromatogram into a solution of 
1.0 g. of ninhydrin in 100 ml. of ethanol and 10 ml. of acetic 
acid. After drying the chromatograms at room temperature 
for 10 min. they were kept in an oven (saturated with water 
vaporlo) for 25 min. at 60’. After one more hour at room 
temperature the spots were cut out and extracted with 10 ml. 
of 0.1% cadmium acetate in methanol.11112 The extinction 
was measured in a Beckman spectrophotometer, model B, 
a t  505 RIP. The resulting values were reproducible within f 
5%. 

Diketopiperazine in the polycondensate of isobutyl gly- 
cinate was estimated after hydrolyzing it to diglycine with 
0.2N barium hydroxide for 30 min. at room temperature. 
The hydrolysate (after precipitating the barium ion with 

(7) The glycine peptide isobutyl esters were prepared by 
direct esterification of the corresponding peptide with 
isobutyl alcohol and hydrochloric acid. 

(8) R. P. Kendall and H. S. B. Marshall, Chemistry & 

(9) F. Reindel and W. Hoppe, Chm. Ber., 87, 1103 
(1954). 

(IO) M. Stefl, J. Tulach, and A. Sovova, Collection Czecho- 
slov. Chem. Comwmn., 25,435 (1960). 

(11) J. Heilmann, J. Barrollier, and E. Watzke, 2. 
Physiol. Chem., 309,219 (1957). 

(12) G1. N. Atfield and C. J. 0. R. Morris, “Separation 
and quantitative determination of amino acids by high 
voltage paper electrophoresis,” paper submitted a t  the 390th 
Meeting of the Biochemical Society, January 23, 1960. 

Industry, 1353, (1959). 

0.2N sulfuric acid) was chromatographed with solvent 11, 
and the readings were compared with those of a standard 
solution containing diglycine and tetraglycine. 

Paper electrophoresis on Whatman No. 1 MM, 1300 volts 
rtt 30 volts/cm. and a buffer according to Michlla gave a good 
separation of t-butyl glycinate up to  the heptaglycinate while 
diketopiperazine remained close to the origin where the sam- 
ple had been spotted. 
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A variety of methods exists for the preparation of 
aromatic nitramines such as the oxidation of diazo- 
tates,a the direct nitration of amines,8 and the al- 
kaline nitration of amines using an alkyl nitrate 
and a basic condensing agent.‘ The first of these 
methods suffers from the facts that large quanti- 
ties of solution must be manipulated to obtain 
small amounts of nitramine and the yield of by- 
products is high. The direct nitration procedure 
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