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One mole of carbon dioxide reacts with one mole of ethylenediamine or hexamethylenediamine to yield the corresponding 
carbamate. These diamine carbamates give with diazomethane the N.N'-dicarbomethoxydiamines (V), the N-mono-
carbomethoxydiamines (IV) and the free diamines. This result is interpreted by the assumption that the carbamate of an 
aliphatic diamine consists of a mixture of an intramolecular salt of the N-monocarboxydiamine (II) and of an "intermolecu-
lar" salt of the diamine-N,N'-dicarboxylic acid (III) with the free diamine. 

Whilst the formula I of the products resulting 
from the action of carbon dioxide on ammonia and 
primary aliphatic monoamines has been well 
established13'3 

2RNH2 + CO2 = RNHCOO-H3N
+R 

I 

little seems to be known on the structure of com
pounds derived from carbon dioxide and aliphatic 
diamines. The present investigation deals with 
the constitution of diamine carbamates, ethylene-
diamine and hexamethylenediamine carbamates 
serving as model compounds. 

Crystalline products formed readily when dry 
carbon dioxide was passed through a cold alcoholic 
solution of the diamines. The products are very 
soluble in water, giving strongly alkaline solutions. 
By measuring the amount of combined carbon 
dioxide (Van Slyke2) liberated upon addition of 
mineral acids,3 and by determination of the amino 
groups regenerated (Linderstr0m-Lang4), it could 
be shown that under the experimental conditions 
used, one mole of carbon dioxide reacted with one 
mole of the diamine. 

In accordance with formula I, it can be assumed 
that in these diamine carbamates, the carbon 
dioxide is linked by covalent bonds to half of the 
original amino groups in the form of an N-car-
boxylic acid, which is neutralized by the other half 
of the amino-groups as ammonium ions. Indeed, 
formula (II, n = 2), which satisfied the analytical 
data, has been ascribed recently6 to the compound 
between ethylenediamine and carbon dioxide de
scribed in 1900.6 Obviously, however, (II, n = 2) 
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is not the only structure in accord with the an
alytical findings. Also in the "bimolecular" di-
ammonium salt of an N,N'-dicarboxydiamine 
(III, n = 2), half of the original amino groups 
appear in the form of N-carboxylic acids, while the 
other half neutralizes these groups; on treatment 
with mineral acids also (III) would give equi-
molar amounts of diamine and carbon dioxide. 
Obviously, the analysis would fit also any mixture 
of (II) and (III).7 If one can assume that both 
amino-groups of a symmetric diamine molecule have 
an equal chance of being converted into NHCOO -

or NH3
+ , the carbamate would contain equal 

weights of (II) and (III); if it be assumed, how
ever, that the chance of the amino groups to form 
NHCOO- and NH 3

+ is different from the above 
but in accordance with the analytical data, other 
weight ratios of (II) to (III) can be calculated. 

In order to investigate the presence and relative 
ratio of (II) and (III) in the carbamates of ethyl
enediamine and hexamethylenediamine, use was 
made of the reaction between diazomethane and 
ammonium salts of carboxylic acids8 

RCOO-H3N+R' + CH2N2 = RCOOCH3 + R'NH2 + N2 

which would convert (II) into the monocarbo-
methoxy derivative (IV), and (III) into an equi-
molar mixture of the dicarbomethoxy derivative 
(V) and the original free diamine. 

In fact, both for (» = 2) and (n = 6), the com
pounds (IV), (V) and the free diamine were formed 
in the reaction between an ethereal diazomethane 
solution and the carbamates. For comparison, 
(V, n — 2) ,was prepared from ethylenediamine and 
methyl chloroformate, (IV, n = 2) by animation 
of N-carbomethoxybromoethylamine according to 
D£l£pine,9 and (V, n = 6) from hexamethylene
diamine and methyl chloroformate. 

Further evidence was obtained for the presence 
of (III) in the diamine carbamates by the isolation 
of the calcium salts of N,N'-dicarboxyethylene-
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diamine (VI, n = 2) and N,N'-dicarboxyhexa-
methylenediamine (VI, n = 6) upon treatment of 
the carbamates with calcium hydroxide. The 
yields of the salts were in good agreement with the 
amounts of (V, n = 2, 6) in both cases isolated. 

From the yields of IV, V, VI and free diamine 
(n = 2, n = 6) (cf. Tables I and II) the weight 
ratio of II to III in the diamine carbamates could 
be estimated. It was found to be approximately 
1:1. 

For the study of carbamates of unsymmetrical 
aliphatic diamines, the carbamate of lysine methyl 
ester was selected, which is easily formed from equal 
moles of lysine methyl ester and carbon dioxide. 
Its esterification with diazomethane, however, gave 
only N,N'-dicarbomethoxylysine methyl ester and 
all attempts to isolate from the reaction mixture 
the free methyl ester and a- or «-N-monocarbo-
methoxylysine methyl ester were unsuccessful. 
As the hydrochloride fraction expected to contain 
the hydrochlorides of lysine methyl ester and the 
N-monocarbomethoxy derivatives contained meth-
oxy groups and chloride ion in excess over amino-
nitrogen, it is possible that lysine derivatives con
taining free amino groups undergo other reactions 
(N-methylation) with diazomethane.10 

The conclusions drawn concerning the structure 
of the carbamates of aliphatic diamines can easily 
be extended to poly-zxaints. This application may 
be of interest in the study of biological systems 
in which carbamates of proteins containing free 
amino-groups are present.11 

Experimental 
Preparation of "Ethylenediamine Carbamate."—At 

about —10°, a stream of dry carbon dioxide was passed 
through a solution of anhydrous ethylenediamine (2 g.) in 
absolute methanol (10 ml.) over a period of four hours, 
moisture being rigorously excluded. The stream of gas 
was then continued a t room temperature until all the meth
anol had evaporated from the reaction mixture. The semi
solid residue was triturated with anhydrous ether under a 
carbon dioxide atmosphere; the ether was decanted and the 
colorless powder (3 g.) dried over sulfuric acid, m.p. 170° 
(sealed capillary). "Ethylenediamine carbamate" is spar
ingly soluble in methanol and ethanol, insoluble in ether, 
chloroform, benzene, acetone and carbon tetrachloride. 
I t is readily soluble in water with a strong alkaline reaction. 
On acidification, carbon dioxide is evolved. 

Anal. Calcd. for C8H8N2O8: C, 34.6; H, 7.8; N, 26.9; 
amino-N, 26.9; CO2, 42.3. Found: C, 35.0; H, 8.0; 
N, 27.2; amino-N, 26.64; CO2, 42.0. ».« 

Action of Diazomethane on "Ethyl
enediamine Carbamate."—"Ethylene-
diamine carbamate" (1.66 g.) was 
treated with diazomethane (3 g.) in 
ether (450 ml.) at room temperature. 
With liberation of nitrogen, the solid 
gradually disappeared. From the filtered 
ethereal solution, which showed a strong 
alkaline reaction, N,N'-dicarbometh-
oxyethylenediamine (V, n = 2) , N-
monocarbomethoxyethylenediamin e (IV, 
n = 2) and ethylenediamine were iso
lated as follows: the ethereal solution 
was acidified (congo red) with 2 JV meth
anols hydrogen chloride. The oil, which 
separated, solidified at low temperature 
(1.91 g.). The supernatant liquid was 
decanted and the residue A washed with 
ether. From the combined solution the 
ether was removed through a 16-plate 

column. A crystalline, colorless residue B (0.48 g.) was thus 
obtained which was recrystallized twice from dibutyl ether, 
m.p. 131-132°. The melting point was not depressed upon 
admixture of an authentic sample of N,N'-dicarbomethoxy-
ethylenediamine (V, n = 2) (see below). 

Anal. Calcd. for C8H12N2O4: C, 40.9; H, 6.9; N, 15.9; 
CH8O, 35.2. Found: C, 41.4; H, 7.2; N, 15.8; CH3O, 
35,6. 

To an ice-cold solution of A (1.91 g.) in water (15 ml.), 
sodium bicarbonate (1.9 g.) was added in four portions. 
After each addition the solution was extracted with chloro
form. The combined extracts were dried over anhydrous 
sodium sulfate and the chloroform removed at atmospheric 
pressure. The dark, oily, strongly alkaline residue (0.8 
g.) was distilled at 108° (8 mm. ) ; the distillate readily dis
solved in alcohol, chloroform and acetone and to a lesser 
extent in benzene and water. I ts picrolonate prepared in 
chloroform solution melted at 202-203 ° and proved identical 
with that of authentic N-carbomethoxyethylenediamine 
(IV, n = 2') (see below). 

Anal. Calcd. for C14H18N6O7: C, 44.0; H, 4.7; N, 
22.0; CH3O, 8.1. Found: C, 44 .1 ; H, 4.7; N , 21.7; 
CH3O, 8.3. 

The aqueous bicarbonate solution contained, after the 
extraction with chloroform, 0.128 g. of nitrogen (Kjeldahl), 
equivalent to 0.274 g. of ethylenediamine. The latter was 
isolated by distillation of the aqueous solution to dryness, 
acidification of distillate and renewed evaporation. The 
resulting dihydrochloride of ethylenediamine was repre-
cipitated from water with absolute alcohol and converted 
into the dipicrate; m.p . and mixed m.p. 232-233° (dec.). 

Anal. Calcd. for C14Hj4N8O14: N, 21.6. Found: N, 
21.3. 

Isolation of the Calcium Salt (VI, n = 2) of N1N '-Dicar-
boxyethylenediamine from "Ethylenediamine Carbamate ." -
An ice-cold thick aqueous suspension of calcium hydroxide 
(3 ml.) was added to an ice-cold solution of "ethylenedi
amine carbamate" (0.315 g.) in water (5 ml . ) . The reac
tion mixture was left a t 0 ° for 30 minutes, the excess of cal
cium hydroxide filtered off and an equal volume of absolute 
ethanol added to the clear filtrate. The colorless precipitate 
was washed with a small volume of cold water, then with 
alcohol and ether, and dried in vacuo; yield 0.130 g. 

TABLE I 

YIELDS OF IV, V1 VI (n = 2), AND ETHYLENEDIAMINE FROM 

100 Mo. OF "ETHYLENEDIAMINE CARBAMATE" (CONTAINING 

26.9 M G . N) 
Yield, 

Product 

Free ethylenediamine 
IV 
V 
VI 

mg. 

16.5° 
48.26 

28.9C 

41.2 

mg. N 

7.7 
11.4 
4 .6 
6.2 

Total N, % 

28.6 
42.5 

(17.1) 
23.0 

(10) Cf. R. Kuhn and W. Bryd6wna, Bet. 
(11) F. J. W. Roughton, Physiol. Rev., 16, 

7(ffi, 1333 (1937). 
241 (1933). 

" Calculated from nitrogen content of aqueous solution. 
b Weight of material before distillation. c Weight of mate
rial before crystallization; these figures are only semi
quantitative. 
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Anal. Calcd. for C4H6N2O4Ca: N, 15.0; Ca, 21.5. 
Found: N, 15.0; Ca, 21.0. 

Table I summarizes the result of the experiments de
scribed above. 

N,N'-Dicarbomethoxyethylenediamine (V, n = Z).—To 
a solution of ethylenediamine (5.8 g.) in water (25 ml.) 
there was added at 0° 4 N sodium hydroxide (75 ml.) and 
methyl chloroformate (18.9 g.) during 20 minutes with 
vigorous shaking. The mixture was acidified (congo red) 
and the crystalline product filtered, washed with cold water 
(yield 80%) and recrystallized from dibutyl ether; m.p. 
131-132V2 

Anal. Calcd. for C6H10N2O4: C, 40.9; H, 6.9; N, 15.9. 
Found: C, 41.2; H, 7.1; N, 15.8. 

Preparation of N-Carbomethozyethylenediamine (IV, 
n = 2).—A cold saturated chloroform solution of hexa-
methylenetetramine (5.5 g.) was added to N-carbomethoxy-
/3-bromoethylamine (6.7 g.),13 and the mixture kept at 
room temperature for seven days. The precipitate (6.9 g.) 
Br-(CH2)8N4

+(CH2)2NHCOOCH3 was filtered and washed 
with chloroform. 

Anal. Calcd. for C10H20N6O2Br: N, 21.7; Br, 24.8. 
Found: N, 21.6; Br, 24.6. 

A mixture of the salt (2.9 g.) and 10% methanolic hydro
gen chloride (10 ml.) was refluxed for 30 minutes, the meth
anol evaporated and the residue washed with ether, dis
solved in water (5 ml.) and treated with sodium bicarbonate 
(5 g.) at 0°. The monoamine was extracted from the 
aqueous solution with chloroform; it boiled at 108° (8 
mm.); yield of crude product, 0.9 g., soluble in water, 
chloroform, ether and acetone, sparingly soluble in benzene. 
Its picrolonate, prepared in chloroform, melted at 202-203°. 

Anal. Calcd. for C14H18N6O,: C, 44.0; H, 4.7; N, 
22.0; CH3O, 8.1. Found: C, 44.3; H, 5.0; N, 22.2; 
CH3O, 8.0. 

The chloroaurate, a golden-yellow crystalline product, was 
recrystallized from dilute hydrochloric acid, obtained as 
monohydrate. 

Anal. Calcd. for C4H18N2O3Cl4Au: N, 5.9; Au, 41.4. 
Found: N, 6.2; Au, 41.3. 

"Hexamethylenediamine carbamate" was prepared in 
the same manner as the ethylenediamine derivative; yield 
2.49 g. from 2 g. of the diamine; m.p. 150°. 

Anal. Calcd. for C7H16N2O2: C, 52.5; H, 10.1; N, 

TABLE II 

YIELDS OF IV, V, VI, (n = 6) AND FREE HEXAMETHYLENE

DIAMINE, DERIVED FROM 100 MG. OF "HEXAMETHYLENEDI

AMINE CARBAMATE" (CONTAINING 17.5 MG. N) 
Yield, Total N, 

Product mg. mg. N % 

Free diamine R = (CH2)6 18.3* 4.4 25.1 
IV R = (CH2)6 52.16 8.4 48.0 
V R = (CH1), 27.6" 3.3 (18.9) 
VII R = (CH2)6 39.6 4.6 26.2 

" Calculated from nitrogen content of aqueous solution. 
6 Weight of material before distillation. ' Weight of mate
rial before crystallization; these figures are only semi
quantitative. 

(12) Franchimont and Klobbie, Rec. trav. chim., 7, 258 (1888). 
(13) E. Katchalski and D. Ben-Ishai, J. Org. Chem., IB, 1067 

(1950). 

17.5; amino-N, 17.5; CO2, 27.5. Found: C, 52.7; H, 
10.3; N, 17.3; amino-N, 17.61; CO2, 27.7.'•> 

Action of Diazomethane 0n "Hexamethylenediamine 
Carbamate."—The reaction of the carbamate with diazo-
methane was investigated by the methods described for the 
case of the parent substance. The results are summarized 
in Table II, expressed for 100 mg. of the starting material. 

N,N'-Dicarbomethoxyhexamethylenediamine (V, n = 
6), boiled at 110° (15 mm.) and melted at 113° (from water). 

Anal. Calcd. for C10H20N2O4: C, 51.8; H, 8.7; N, 12.1; 
amino-N, 0; CH8O, 26.7. Found: C, 52.0; H, 8.6; N, 
12.2; amino-N, 0; CH8O, 26.9. 

For comparison, it was prepared in 80% yield from hexa
methylenediamine (1.5g.) in water (15ml.) with2 Nsodium 
hydroxide (13 ml.) and methyl chloroformate (2.4 g.) 
at 0°. The crystalline product was filtered, washed with 
ice-cold water and recrystallized from water; m.p. 113°. 

N-Carbomethoxyhexamethylenediamine (IV, n = 6), 
boiled at 195° (15 mm.), 150-160° (0.01 mm.). 

Anal. Calcd. for C8H18N2O2: N, 16.1; amino-N, 8.0; 
CH3O, 17.8. Found: N, 16.3; amino-N, 7.94; CH8O, 
17.3. 

The picrolonate, prepared in chloroform, had m.p. 158°. 
Anal. Calcd. for C18H26N6O7: C, 49.3; H, 6.0; N, 

19.2; CH8O, 7.1. Found: C, 49.6; H, 6.1; N, 18.7; CH8-
O, 7.5. 

The free hexamethylenediamine, resulting from the ac
tion of diazomethane on its "carbamate," was identified as 
picrate, m.p. 216° (dec.) (from water)14 and hydrochloride, 
m.p. 246-248° (fromalcohol-ether).15 

The calcium salt (VI, n = 6) was also prepared in the 
manner indicated for the corresponding ethylenediamine 
derivative. 

Anal. Calcd. for C8H14N2O4Ca: N, 11.6; Ca, 16.5. 
Found: N, 11.9; Ca, 16.1. 

The "carbamate of lysine methyl ester" was prepared 
from lysine methyl ester16 in anhydrous ether at —10°. 
The colorless crystalline product was washed with ether and 
dried in vacuo; m.p. 87-90°; yield quantitative. 

Anal. Calcd. for C8H16N2O4: C, 47.1; H, 7.9; N, 13.7; 
amino-N, 13.7; CO2, 21.5. Found: C, 46.9; H, 8.3; 
N, 13.6; amino-N, 13.74; CO2, 21.7.2-3 

The "carbamate" is insoluble in ether, benzene and ace
tone, sparingly soluble in ethanol, readily soluble in water. 

Reaction with Diazomethane.—The "carbamate" (4.5 g.) 
was treated with diazomethane (25 g.) in ether (400 ml.) at 
room temperature. When the solid had disappeared, the 
free bases in the ethereal solution were precipitated as hy
drochlorides (3.5 g.) and the oily residue of the supernatant 
liquid (1.5 g.) purified by fractionation; b.p. 210-215° (5 
mm.): N,N'-dicarbomethoxylysine methyl ester. 

Anal. Calcd. for C11H20N2O6: N, 10.1; CH3O, 33.7. 
Found: N, 9.8; CH3O, 33.6. 

The hygroscopic hydrochloride fraction was carefully 
dried and analyzed (Cl (Volhard), 19.2; N, 11.3; amino-N, 
7.0; CH3O, 18.0). Although the data indicated the pres
ence of amino and ester groups in the product, all attempts 
to isolate lysine methyl ester and a- or e-monocarbomethoxy-
lysine methyl ester failed. 
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