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isobutyl-2-isopropyloxazolidine yielded besides the ex
pected product some 2-diisobutylaminoethanol. This re
ducing reaction of some Grignard reagents has been ob
served by Conant8 and by Kharasch' in their work on the 
reaction of Grignard reagents with some highly branched 
ketones. The dialkylamino alcohols prepared by this 
method are listed in Table III. 

Reaction of Grignard Reagents with l-Aza-3,7-dioxa-
bicyclo [3.3.0 ]octanes.—The procedures for the reaction of 
Grignard reagen ts with l-aza-3,7-dioxabicyclo[3.3.0]octanes 
and the isolation of products were the same as in the above 
reaction, except that the molar ratio of Grignard reagent 
to bicyclic compound was 2:1 in the experiments in which 
a 5-alkyl-l-aza-3,7-dioxabicyclo[3.3.0]octane or l-aza-3,7-
dioxabicyclo[3.3.0]octane was used and 3:1 in the ex
periment in which 5-hydroxymethyl-l-aza-3,7-dioxabi-
cyclo[3.3.0]octane was used. The dialkylamino poly
hydric alcohols that were prepared by this method are 
listed in Table IV. 

Discussion 

The identity of the products from the hy-
drogenation of oxazolidines has been established 
by Cope and Hancock. The structures of the 
products from the reaction of Grignard reagents 
with N-substi tuted oxazolidines are supported 
by analytical data . Comparison of 2-diisobutyl
aminoethanol which was obtained by hydrogenat-
ing 3-isobutyl-2-isopropyloxazolidine with the 
product which was obtained by hydrolyzing the 
Grignard addition product from the reaction of 
isopropylmagiiesium chloride with 3-isobutyl-
oxazolidine reveals tha t the two materials are 
identical. Each product boiled at 89° a t 10 mm., 
and the picrate of each product as well as a mix
ture of the two picrates melted at 122.5°. This 
additional da tum adds further proof to the mecha
nism of the reaction of Grignard reagents with 
N-substi tuted oxazolidines. 

The structures of the products from hydrogena-
tion of l-aza-3,7-dioxabicyclo[3.3.0]octanes as 
well as the structures of the products from the 
reaction of Grignard reagents with these bicyclic 
compounds are supported by analytical data. 

(8) Conant and Blatt, THIS JOURNAL, Sl, 1227 (1929). 
(9) Kharasch and Weinhouse, / . Org. Chem., 1, 209 (1930). 

Despite the large variety of synthetic high poly
mers recorded in the chemical literature, there is 
no description of a polymeric amine with recur
ring primary amino groups attached directly to a 
long carbon chain, such as (—CHNH2—CH2—)„. 
Polymers of acyl derivatives of vinylamine, such 
as N-vinylimide and vinyl isocyanate polymers, 
have been described but efforts to obtain a vinyl
amine polymer from these acyl derivatives or by 
other routes have failed.1 

(1) Jones, Zomlefer and Hawkins, J. Org. Chem., 9, 500 (1944). 
This paper surveys various methods for nhtsiininc. vinylamine poly
mers. 

These data in turn support the proposed struc
tures of the l-aza-3,7-dioxabicyclo[3.3.0]octanes. 
The preparation of 2-dibutylamino-2-methyl-
1,3-propanediol by the Grignard method (from 
M-propyl chloride and 5-methyl-l-aza-3,7-dioxa-
bicyclo[3.3.0]octane) and by the hydrogenation 
method (hydrogenation of 2,8-dipropyl-5-methyl-
l-aza-3,7-dioxabicyclo[3.3.0]octane) provides fur
ther proof of the structures of the l-aza-3,7-dioxa-
bicyclo[3.3.0]octanes and the mechanism of the 
reactions of these compounds which are proposed 
earlier in the paper and reported herein. 

Summary 

Some new oxazolidines have been prepared 
from aldehydes and amino alcohols as well as 
N-alkylamino alcohols. 

Some of the oxazolidines tha t were prepared 
were hydrogenated to N-alkylamino and N-di-
alkylamino alcohols. 

The reaction of Grignard reagents with N-sub
sti tuted oxazolidines was studied. A N-dialkyl-
amino alcohol was isolated from each of these 
experiments. The mechanism for this reaction 
is discussed. 

l-Aza-3,7-dioxabicyclo[3.3.0]octanes were pre
pared from some amino polyhydric alcohols of 
the type 

R 
I 

HOCH2-C-CH2OH 
I 

NH2 

and some aldehydes. Catalytic hydrogenation of 
these compounds gave dialkylamino polyhydric 
alcohols. The reaction of Grignard reagents 
with l-aza-3,7-dioxabicyclo[3.3.0]octanes gave ad
dition products which on hydrolysis yielded di
alkylamino polyhydric alcohols. Mechanisms of 
these reactions are discussed. 

TERRE HAUTE, INDIANA RECEIVED JUNE 13, 1945 

The reported polymerization of uitroethylene2 

and 1-nitropropene3 suggested a possible indirect 
synthesis of a vinylamine polymer by reduction 
of an appropriate uitroolefni polymer. 

H 
( — C H N O J - C H 2 - ) » —>- (—CHNH2-CH2-)„ 

Attempts to reduce nitroethylene polymer to 
vinylamine polymer have not succeeded,1 but this 
may be due to the circumstance tha t nitroethyl
ene polymer is probably highly cross-linked 

(2) Wieland and Sakellerios, Ber.. 52, 898 (1919). 
(3) Schmidt and KuU. ibid.. 61, 2142 (1928). 
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through reactions involving the active hydrogen 
of —CH(NOz)— groupings. In order to avoid 
undesirable complications arising from such struc
tures, the tert iary nitroolefm 2-nitropropene was 
chosen for the present study. Simple vinyl poly
merization of this nitroolefm would afford a 
structure in which the nitro group .;s attached to a 
tertiary carbon atom. Subsequent reduction of 
such a polymer might be expected to give the re
lated vinylamine polymer. 

«CH3—C=CH2 

NO2 

C - C H 2 - I -

NH2 

The simple 2-nitro6lefm, 2-nitropropene, has 
not been described previously. The preparative 
methods used for 1-nitroolefins, such as dehydra
tion of the appropriate nitroalcohol1 and alkaline 
decomposition of the acetate derived from the 
nitroalcohol3 '4 '6 '6 gave poor yields when applied 
to 2-nitro-l-propanol. Inasmuch as olefins fre
quently may be obtained in good yield by pyroly-
sis of higher esters,7 such as the benzoate or 
phenylacetate, experiments were made with the 
benzoate of the nitroalcohol. Pyrolysis of the 
benzoate of 2-nitro-l-propanol afforded 2-nitro
propene (b.p. 48-49° (60 mm.)) in 54% yield. 
This nitroolefm is a yellow-green liquid which has 
strong lachrymatory properties and rapidly under
goes alteration on standing. 

I t was found tha t the polymerization of 2-nitro
propene could be carried out readily by the method 
of Schmidt and Rutz 3 using aqueous potassium 
bicarbonate as a catalyst. The resulting 2-
nitropropene polymer is a pale yellow, micro-
crystalline solid which decomposes without melt
ing when heated above 200°. The nitropropene 
polymer is moderately soluble in organic solvents 
such as acetone, dioxane and acetic anhydride. 
Molecular weight determinations on this polymer 
have not as yet given reliable values but it appears 
likely that the molecular weight is relatively low. 

Although a search of the literature failed to re
veal reports of the polymerization of nitrobu-
tenes*''''1"-11 and higher nitroolefins, a few pre
liminary experiments in this laboratory indicate 
that a polymer can be obtained from 2-nitro-l-
buteue. An investigation of this nitroolefm and 

(1) Hass , Ho<Ue and Vanderb i l t . lad. Br.g. Chan., 28, 339 (1936), 
32, 34 (1940). 

CJ) Schwarz and Nelles, U. S. P a t e n t 2,257,'J80 (1941); C. A., 36, 
-194 (1942). 

(C.) N igh t inga le and Janes , T H I S J O U R N A L , 66, 352 (1944). 
(7) K l a g e s a n d Allendorf, B e e , 31, 1003 (1898); H i b b e r t a n d Bur t , 

T H I S J O U R N A L , 47, 2240 (11)25). 

(8) Bouveau l t and Wah l , Cumpl. read., 131, 1211 (1900). 
(9) B o u v e a u l t and W a h l , ibid., 134, 1145 (1902). 
!10) Ha i t inge r , Ami., 193, 300 (1878). 

! I) Hait i iVtT. M'.iuii-h.. 2, 280 ' 1 8 8 1 ' . 

its polymer is in progress and will be reported 
later. 

2-Nitropropene polymer in dioxane or acetic 
anhydride solution was not reduced satisfactorily 
by metal-acid combinations or at low hydrogen 
pressures over Adams platinum catalyst but pre
liminary trials indicated tha t reduction could be 
accomplished by means of Adkins' technique at 
high pressures.12 With Raney nickel catalyst 2-
nitropropene polymer was smoothly hydrogen-
ated in two hours at 90° under a pressure of 1700-
1900 lb. using dioxane as a solvent. The resulting 
2-aminopropene polymer is a reddish-brown glass 
which is soluble in water, dilute and concen
trated acids, moderately soluble in dioxane and 
ethyl alcohol; it is insoluble in ether, acetone, 
hydrocarbons, and chlorinated hydrocarbons. 
Purification of the polymer was conveniently ef
fected by conversion into either the phenylurea or 
phenyl thiourea derivative. These derivatives 
are buff to yellow-brown microcrystalline solids 
tha t may be handled in the ordinary way. 

The results of a series of catalytic hydrogenation 

TABLE I 

HYDROGENATION OP 2-NITROPROPENE POLYMER 

Temp., Pressure, 
Run 0C. Ib./sq. in. 

% Yield, % Amine, 
Time, crude insoluble 
hr. amine in dioxane 

1 
2 
3 
4 
5 
6 
7 

135 
150 
150 
130 
110 
90 
90 

1900 
1850 
1800 
1800 
1750 
1750 
1700 

/ CH 3 

6 
8 
4 
3 
3 
3 
2 

58.2 
59.4 
59.5 
59.5 
58.0 
64.1 
58.8 

15.0° 
53.4 
47.1 
2.6 
0.0 
0,0 
0.0 

' Calcd. for —C C H 2 - L N, 24.53. Found: 

\ NH2 / 
X, 16.04. 

TABLE II 

PHENYLUREA DERIVATIVE FROM DIOXANE-SOLUBLE 
FRACTION 

Run" 
1 
2 
3 
4 
5 
6 

N1 %h 

14.96 
12.43 
12.62 
15.05 
15.45 
15.62'' 
15.59'J 

MoI. wt.1 

2700 
3200 
2400 
3700 
4200 
4200 
5000 

No. of rnono-
meric units 

15 
18 
13 
21 
24 
24 
28 

Run numbers correspond, to those given in Table I. 
/ ClL \ 

Calcd. for -C -CH2- N, 15.90. Mean 

\ NHCONHC6H6 / 
value of molecular weight (±200) determined by relative 
viscosity method of Staudinger. d See also Table III. 

(12) W e a r e indeb t ed t o D r . H . R. S n y d e r of t h e Un ive r s i t y of 
Illinois for ca r ry ing out these p re l iminary h igh-pressure reduc t ion 
s tud ies . 



Sept., 1945 2-NITROPROPENE POLYMER AND DERIVED VINYLAMINE POLYMERS 1521 

experiments with 2-nitropropene polymer under a 
variety of conditions are presented in Table I. All 
of the hydrogenations described were carried out 
with 2-nitropropene polymer from a single prepa
ration and all of the runs were made with nickel 
catalyst from the same preparation. The hydro-
genation product was separated into a dioxane-
soluble fraction and a dioxane-insoluble fraction. 
Data relating to composition and molecular 
weight of the dioxane-soluble fraction were ob
tained by examination of the phenylurea deriva
tive formed by treatment of the polyamine with 
phenyl isocyanate (Table II). 

From the data in Tables I and II it appears that 
hydrogenation of the nitroolefin polymer under a 
pressure of 1700-1750 lb. at 90-100° within a re
action time of two to three hours gives a product 
which is completely soluble in dioxane (runs 5, 6, 
and 7) and contains approximately 24-28 2-amino-
propene units. Nitrogen analyses of the phenyl
urea derivative (N, 15.45-15.62%) are in good 
agreement with the value calculated for a phenyl-

CH3 

propenylurea unit (calcd. for —C CH2-, 

NHCONHC6H6 
N, 15.90%). Analyses of two other deriva
tives, the phenylthiourea and ^-bromophenyl-
urea (Table III), also indicate a similar 2-amino-
propene unit for the polyamine. 

TABLE III" 

DERIVATIVES OF 2-AMINOPROPENE POLYMER 

Runi> Derivative 
% N 

Calcd. Found 
15.90 15.62 
14.55 14,72= 
15.90 15.59 
10.99 10.72^ 
14.55 14.67« 

Formula 

6 Phenylurea (CwHi2N2O)n 

6 Phenylthiourea (CiOHi2N2S)n 

7 Phenylurea (CiOHi2N2O),, 
7 ^-Bromophenylurea (CioHnN2OBr)„ 
7 Phenylthiourea (CiOHi2N2S)71 

" Showing the analyses of different derivatives of 2-
aminopropene polymer in comparison with those cal
culated for a regularly recurring 2-aminopropene unit. 
h Run numbers correspond to those given in Table I. 
' Calcd.: S, 10.07. Found: S, 16.52. d Calcd.: Br, 
81.32. Found: Br, 30.20. "Calcd.: S, 16.67. Found: 
S, 10.18. 

Hydrogenation of the 2-r.itropropene polymer 
at higher temperatures and with longer reaction 
times (130-150° for four to eight hours) resulted 
in the formation of 15-5.3% of dioxane-insoluble 
polymer having a nitrogen content of 16%. 
Since the nitrogen content calculated for the 
aminopropene structural unit - C(CH3)-CH2- is 

NH2 
24.5%, a simple calculation shows that deamina-
tion occurred to the extent of about 35% in this 
material. The dioxane-soluble polymers formed 
under these conditions are of lower molecular 
weight and lower nitrogen content than the mate
rial formed under milder conditions. The phenyl
urea derivatives from the dioxane-soluble frac
tions show a molecular weight corresponding t" 
13 IS structural units instead of 24--2X; the ni

trogen content of 12.62-14.96% is appreciably less 
than that calculated for a phenylpropenylurea 
unit (N = 15.90%), and indicates that in this 
fraction the extent of deamination was only 6-
20%. Ammonia was formed to some extent even 
under the mildest conditions of reduction, but in 
these runs the deamination was very slight (< 3%) 
since the phenylurea derivatives had a nitrogen 
content in good agreement with that calculated 
for a phenylpropenylurea unit. As the same type 
of nitropropene polymer was used in all of the 
hydrogenations, it appears that the more drastic 
conditions bring about degradation of the poly
mer chain and also cross-linking of the chains. 

The reactions involved in reduction of 2-nitro
propene polymer under mild conditions and in 
characterization of the soluble polyamine are 
shown below. Analytical data for the derivatives 

- C ( C H 3 ) - C H 2 -

NO2 

H2 

Ni 

—C(CH3)—CH2 

NH2 

C6H5NCO 

C(CH3)—CH2 

N H C O N H C 6 H B 

(Table III) are consistent with the formulation 
of the polyamine as a structure of recurring 2-
aminopropylene units. No evidence is at hand 
to indicate whether the polymer is of the head-to-
tail type (I) or head-to-head, tail-to-tail type 
(II). In the former all of the amino groups have a 

CH5 CH3 CH3 

- - C - C H 2 - C - C H 2 - C - C H 2 -
I 

NH2 NH2 NH2 

(D 
CH3 CH3 CH3 

C - C H 2 - C H 2 - C - - C - C H 2 - - -
I 

NH2 NH2 NH2 

(ID 

1,3-diamine and 1,3,5-triamine relationship, but 
the latter contains 1,2- and 1,4-diamine units and 
1,2,5-triamine groups. The action of nitrous acid 
on an aqueous solution of the dioxane-soluble 
polyamine brought about evolution of gas and 
gave a brick-red, water-insoluble material which 
resisted purification and has not yet been char
acterized. 

Inasmuch as ammonia was eliminated to a small 
extent during formation of the dioxane-soluble 
polyamine, it is possible that deamination oc
curred between amino groups in the 1,4- or 1,5-
positions to form a pyrrolidine or aminopiperidine 
unit 
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H2O 
I 

C H 3 - O 

CH, NH2 

H 2 - C / N C H 2 

I I 
/ X N / \ V 

i 
H 

(from I) 
/CH2V /CH 3 

X C < H2C 
I NNH, C H 3 \ i 

, C - C H 3 - — i c 
\ v / 

-CH2 
/CH3 

H H 
(from II) 

None of the evidence at hand excludes secondary 
amino groups, but the amount of ammonia lost is 
less than that required for the formation of one of 
these rings in a chain of 24-28 units. On the other 
hand, the more drastic reductions leading to the 
formation of dioxane-insoluble polyamine may 
bring about intramolecular cyclizations and also 
effect cross-linking through various types of in-
termolecular deaminations: 

NH 

- C - C H 2 - C -
i i 

CH, NH 
I 
I 

C— 
I 
I 
CH 

Simple 
CH3 

I 
C H 2 - C — 

HN 

C H 2 - C — 

CH3 

CH2-

CH2-

! 

---

— 

CH3 

I 
-C-CH 2 -

i I 
NH 

-C-CH 2 -

CH3 

- -

CH3 
i 

-C-CH 2 

NH 
! 

s-amiuo cross-links 
CH3 

I I 
-C— 

i I 
NH 

-C— 
I 

CH3 

C H 8 - -

^Ii2 C H 2 

CH3 
i 
I 

_ c — 
NH 
i e t c 

1,4-Diazine cross-links 

T h e f o r m a t i o n of a p a r t i a l l y d e a m i n a t e d , di-
oxane-so lub le f rac t ion of lower mo lecu la r we igh t 

CH3 

, >• C - C H 3 

1 
CH8 NH2 

I H2 + Ni 
-0=-CH„ 13-18 

I 135-150° 
NH2 CH3 

CH3 
I 

- - - C - C H 2 -
I 

NH2 

24-28 units . > C - C H s 
I 

NH2 

( 1 3 - 1 8 u n i t s ) u n d e r t h e v igorous cond i t i ons of 

hydrogenation indicates that hydrogenolysis of 
the carbon chain of the polyamine (or the nitro
olefin polymer) has occurred to an appreciable 
extent, and possibly also hydrogenolysis of car
bon-nitrogen bonds, as shown. 

It is hoped that detailed studies of the dioxane-
insoluble polymers now in progress will afford an 
insight into their constitution and mode of forma
tion. 

Experimental 
Preparation of 2-Nitropropene.—2-Nitro-l-propanol was 

prepared conveniently by the procedure of Vanderbilt 
and Hass,4 and converted to 2-nitropropyl acetate using 
the general method described by Tindall.13 The prepara
tion of 2-nitropropyl benzoate is described below. 

2-Nitropropyl Benzoate.—In a 2-liter round-bottomed 
flask equipped with a reflux condenser connected to a gas 
adsorption trap, a mixture of 189 g. (1.8 moles) of 2-nitro-
propanol, 222.6 g. (189 c c , 1.8 moles) of benzoyl chloride, 
and 450 cc. of benzene was heated to boiling. The re
action mixture was refluxed for twelve to fourteen hours. 
After cooling, the benzene was removed under reduced 
pressure (100 mm.). To the cooled liquid there was 
added 100 cc. of 95% ethyl alcohol, and the ethyl benzoate 
formed was removed by vacuum distillation at 30 mm. 
pressure and 100°. The reddish-brown residue was taken 
up in 500 cc. of ether and washed successively with two 
100-cc. portions of water, three 100-cc. portions of satu
rated aqueous sodium bicarbonate solution, two 50-cc. 
portions of 10% hydrochloric acid, and three 100-cc. por
tions of water. The ether solution was dried over an
hydrous sodium sulfate, with frequent shaking, for twelve 
to twenty-four hours. After removal of the ether under 
diminished pressure, 319.5 g. of the crude benzoate was 
obtained (87% yield). 

Several attempts were made to purify the ester by dis
tillation, but even at pressures of 1-1.5 mm. decomposi
tion occurred and the only volatile products isolated were 
benzoic acid and 2-nitropropene. 

2-Nitropropene.—In a 50-cc. Claisen flask attached to a 
water-cooled condenser was placed 21.0 g. (0.1 mole) of 2-
nitropropyl benzoate, and the flask was heated in an oil-bath. 
Decomposition of the ester began at an oil-bath tempera
ture of about 190-195° and the crude olefin distilled at 
110-140°. After the distillation ceased, the deep blue-
green distillate was taken up in 20 cc. of absolute ether 
and dried for six' to eight hours over anhydrous copper 
sulfate. 

The ether solutions of crude nitroolefin from nine 21-g. 
portions of 2-nitropropyl benzoate were combined and 
distilled. After removal of the ether the nitroolefin was 
obtained as a fraction boiling from 45-50° (60-62 mm.). 
Fractionation of this distillate through a heated 25-crn. 
column packed with glass helices gave a product boiling at 
48-49° (59.5 mm.) (uncor.). There was obtained 42.0 g. 
(83.6% yield) of a yellow-green liquid which was highly 
lachrymatory and which became red-brown on standing: 
J20M 1.0492; «=3D 1.4292; MD calcd., 21.21; found, 21.2. 

Pyrolysis of larger portions of 2-
CH3 nitropropyl benzoate (35 to 45 g.) 
I resulted in appreciably diminished 

+ H—C—CH2 yields. Combining the products 
! from several 21-g. portions in-
NH2 creased the yield over that ob

tained from single portions by 
units each decreasing the mechanical losses. 

Polymerization of 2-Nitropro-
CH3 pene.—In a 250-cc. wide-mouthed 
I flask a mixture of 22.0 g. (0.253 

—C—CH2 H NH3 mole) of freshly prepared 2-nitro-
I propene (material boiling at 45-

H 49° (60 mm.) was satisfactory) 
and 60 cc. of saturated aqueous 

l i t ) T inda l l , Jnd. KnP,- Chen., 33, K< (19411. 
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potassium bicarbonate was stirred vigorously with a 
motor-driven stirrer. After a period of about fifteen 
minutes the mixture became milky in appearance and the 
temperature rose to 50°. Shortly after coagulation of the 
polymer occurred, giving a greenish-white paste, which 
stalled the stirrer. This pasty material, containing en
trapped carbon dioxide, quickly hardened to a solid brittle 
mass. The solid was filtered off, ground with distilled 
water in a mortar and again filtered with suction, and 
finally washed with water until the filtrate was no longer 
alkaline. After air drying, the polymer weighed 20.5 g. 
(93.2% yield). The polymer decomposed without melt
ing above 200° but the decomposition temperature varied 
widely with change in the rate of heating. 

Anal. Calcd. for C3H6O2N: C, 41.36; H, 5.79; K, 
16.01. Found: C, 42.35; H, 5.62; N, 15.98. 

2-Aminopropene Polymer.-—Since several catalytic re
ductions of the nitropropene polymer have been carried 
out, varying only conditions of time, temperature and 
pressure, only one typical procedure is described. 

In a copper bomb-liner, of about 450-cc. capacity, was 
placed a solution of 10 g. (0.115 mole) of 2-nitropropene 
polymer in 100 cc. of peroxide-free dioxane,14 and 5 g. of 
Raney nickel catalyst.16 The liner was enclosed in a steel 
bomb, similar to that described by Adkins18 for hydrogena-
tions at pressures of 100 atmospheres or more. Hydrogen 
was introduced from a commercial tank until a gage 
pressure of 1700 lb./sq. in. was attained. The contents 
of the bomb were rocked by means of a mechanical rocker 
equipped with an insulated heating element. The tem
perature of the contents of the bomb was maintained at 
90 ± 2 ° . After the reaction had proceeded for two hours, 
the rocking and heating were stopped. When the bomb 
had cooled to room temperature the gage pressure was 
1500 lb./sq. in. The approximate pressure drop as cal
culated by Adkins' empirical formula17 was 100 lb./sq. in. 

After the pressure had been released, the copper liner 
was removed from the bomb and opened. A strong odor 
of ammonia was noted. The contents of the bomb were 
carefully washed onto a Buchner funnel and the nickel 
was washed with four 10-cc. portions of dioxane. Evapora
tion of the pink colored dioxane solution to dryness gave 
a reddish brown glass; yield 4.5 g. (68.7%). The de
composition temperature of the polymer varied between 
145 and 165° depending upon small variations in the rate 
of heating. 

Aqueous solutions of the polymeric amine when treated 
with nitrous acid gave a brick-red water-insoluble tar 
together with copious evolution of gas. The tar was not 
investigated. 

Derivatives of 2-Aminopropene Polymer 

N-Phenylurea Derivative.—In a200-cc. flask was piaced 
7.8 g. (0.137 mole) of 2-aminopropene polymer dissolved in 
100 cc. of dioxane. To this was added 16.8 g. (15.2 c c , 
0.141 mole) of phenyl isocyanate in drop wise fashion, with 
vigorous stirring. The mixture, which became dark brown 
and appreciably warmer, was heated on a steam-bath for 
two hours. On cooling, the reaction mixture was poured 
into 500 cc. of ether with stirring. The phenylurea 
derivative separated immediately as a buff-colored micro-
crystalline precipitate. The product was filtered and 
washed successively with six 25-cc. portions of ether, 
three 10-cc. portions of water, six 25-cc. portions of ether 
and dried in air. I t softened between 135 and 150° and 
decomposed between 150 and 158° (uncor.), dependent 
upon the rate of heating; yield, 17.5 g. (73.3%). 

Anal." Calcd. for Ci0H12N2O: C, 68.53; H, 6.33; N, 

(14) Fieser, "Experiments in Organic Chemistry," 2nd ed., D. C. 
Heath and Company, New York. N. Y., 1941, pp. 3G8-369. 

(15) Drake, "Organic Syntheses," Vol. 21, John Wiley and Sons, 
New York, N. Y., 1941, p. 15. 

(16) Adkins, "Reactions of Hydrogen," University of Wisconsin 
Press, Madison, Wis., 1937. 

(17) Analytical and molecular weight data for other phenylurea 
derivative preparations are given in Table I. 

15.90. Found: C, 68.35; H, 6.48; N, 15.65; mol. wt., 
3190. 

The molecular weight value for the sample described 
above was determined by observing the freezing point de
pression in purified ethylene dibromide using the method 
of Reilly and Rae.18 

Using this sample as a standard, relative viscosities of 
the phenylurea derivatives listed in Table I were meas
ured. The measurements were carried out at 30.0 * 0.1° 
using 0.500 g. samples in 10.0 cc. of reagent-grade acetone. 
The molal concentration of the samples was made the same 
and the value for the Staudinger constant (K) should be 
the same for the different samples. The following rela
tionship was used 

Nj,p_ = c X K X 3200 
A",P c' X K' X M' 

where N,v and A"ip are the specific viscosities for the 
standard and the given sample, respectively, and M' is 
the molecular weight of the given sample. Since c and c' 
are equal, and K and K' should be the same, the propor
tion becomes 

N,p 3200 
N',p M' 

It is realized that the Staudinger equation is not highly 
accurate and that the molecular weights determined by 
this method must be assumed to be approximations of the 
actual values. This method does, however, lend itself 
conveniently to observing a trend in average molecular 
weights for a series of comparable preparations. 

N-Phenylthiourea Derivative.—This derivative was ob
tained using phenyl isothiocyanate, with the same condi
tions for preparation, isolation and purification described 
above. From 2.0 g. of 2-aminopropene polymer there 
was obtained 3.4 g. (50.6% yield) of the phenylthiourea 
derivative as a yellow-brown microcrystalline solid. 
Upon heating, it decomposed between 139 and 148° de
pending upon the rate of heating. 

Anal. Calcd. for CioHr>NTsS: N, 14.55; S, 16.67. 
Found: N, 14.72; S, 16.52 

N-^-Bromophenylurea Derivative.—To a solution of 5.3 
g. (0.027 mole) of ^-bromophcnyl isocyanate in 100 cc. of 
hot dioxane was added with stirring a solution of 1.5 g. 
(0.026 mole) of 2-aminopropene polymer in 15 cc. of di
oxane. The reaction mixture was heated for two hours 
on the steam-bath. After cooling, it was poured with 
stirring into 300 cc. of ether. The £-bromophenylurea 
derivative separated as a tan colored microcrystalline 
precipitate which was washed successively with several 
10-cc. portions of ether, twice with 10-cc. portions of water, 
and again with several 10-cc. portions of ether. The prod
uct was dried in air; yield 3.9 g. (58.9% of the theoreti
cal). 

Anal. Calcd. for C10H11N2OBr: N, 10.99; Br, 31.32. 
Found: N, 10.72; Br, 30.26. 

Summary 
2-Nitropropene undergoes a smooth and rapid 

polymerization in the presence of aqueous potas
sium bicarbonate solution. Catalytic hydrogena-
tion of 2-nitropropene polymer in dioxane with 
Raney nickel under mild conditions affords a 
water-soluble polymer which appears to be a 
linear polymer with primary amine groups, com
posed of 24-28 recurring 2-aminopropene units. 

Hydrogenation of the nitroolefin polymer under 
more drastic conditions is accompanied by exten
sive deamination and yields a lower molecular 

(18) Reilly and Rae, "Physico-chemical Methods," 2nd rev. ed., 
Methuen and Co., Loudon, 1933, pp. 439-440. 
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weight dioxane-soluble polyamine as well as a tion of phenylurea, phenylthiourea and p-bromo-
dioxane-insoluble product. The dioxane-soluble phenylurea derivatives. 
polyamines have been characterized by the forma- ITHACA, NEA? YORK RECEIVED JUNE 1, 1945 

[FROM THE DEPARTMENTS OF BIOCHEMISTRY AND ZOOLOGY, COLUMBIA UNIVERSITY] 

The Empirical Formula of /3-Lactoglobulin1 

B Y E R W I N BRAND, L E O J. SAIDEL, WILLIAM H. GOLDWATER, BEATRICE KASSELL AND FRANCIS J. RYAN 

From the point of view of organic chemistry, 
the establishment of the empirical formula of pro
teins (cf. Mulder*2 in 1838), in terms of constituent 
amino acids, is fundamental to an understanding 
of their constitution and to the development of 
theories of protein structure. 

An apparently complete analysis of a simple, 
crystalline, homogeneous protein of small molecu
lar weight (42,000), viz., /3-lactoglobulin3 is pre
sented in this paper. This protein, which con
stitutes the greater part of the whey proteins, 
was isolated in crystalline form by Palmer 3 4 

from the plasma of cow's milk. I t is free from 
phosphorus and carbohydrate. Physico-chemical 
studies5 indicate that 0-lactoglobulin is a protein 
native to milk and tha t it is homogeneous as 
tested by the solubility method,3 in the ultra-
centrifuge,6 by electrophoresis5 and with respect 
to dissociation.6 

The results are given in Table I ; the analytical 
values for the constituents are given in % in 
column 4, in (:/c amino acid residue in column 5 
and in atoms or moles per 105 g. of protein in 
column 7. Columns G and 8-14 in Table I are 
based upon the minimum molecular weight, the 
calculation of which is shown in Table I I I . The 
data will first be discussed without any reference 
to the molecular weight and subsequently on a 
molar basis. 

The following assumptions have been made: 
(1) On the basis of physico-chemical criteria 

quoted above, it is assumed that 0-lactoglobulin 
is a chemical compound in which the constituent 
amino acids are present in integral molar quanti
ties. 

(2) I t is assumed that the amino acids (RNH2-
C(JOH) are present in the molecule in peptide 
linkage. The yield is, therefore, given in per cent. 
of amino acid in column 4 and in per cent, of amino 
acid residue [R(NH - ) (CO—)] in columns 5 and 
C). 

! 1 I P a r t of this work was carried out under con t r ac t , r ecommended 
by the C o m m i t t e e on Medical Research , be tween the OiHCe of Scien-
lific Research and Deve lopmen t and Co lumbia Univers i ty . M u c h 
of t he present d a t a was ob ta ined in the course of t he deve lopmen t 
and s t anda rd iza t ion of me thods for appl ica t ion to p l a sma prote ins . 

(2) Mulde r , Ann.. 28, 7:.j (IxHS). 
(:>.) Pa lmer , J. Biol. Chem., 104, 359 (1934). 
! 1) Cf. Stirensen and Sorensen, Compt. rend. trav. lab. Carlsberg, 

Series C, 23, 5.j (1938j. 
i'-| Pederseu , Biochem. / . , 30, 91S1 !Wl (l!>:iO). 
(G) Sorensen and Palmer, Ctimpl. rev.d. tur:. lab. Carlsberg, Series 

C, 21 , .',S3 (Ii)HS). 

(3) I t is assumed tha t the amide nitrogen 
(detn. 8) or amide NH 3 (detn. 8a) as obtained by 
our method indicates the amount of glutamine 
and asparagine present. Since it is not yet 
possible to differentiate between these two amides, 
all of the amide N H 3 has been arbitrarily assigned 
to glutamine in detn. 8b, and will subsequently be 
discussed as glutamine only. Consequently, all 
of the aspartic acid is considered as "free aspartic 
acid," while the "free glutamic acid" (detn. 30) is 
the difference between total glutamic acid and 
glutamine. 

(4) In the interpretation of the data on the free 
amino nitrogen of the intact protein obtained in 
the manometric Van Slyke apparatus under our 
conditions7 it is assumed (a) tha t no splitting with 
the liberation of reactive amino N occurs during 
the determination; (b) tha t all of the e-amino N 
of lysine is free and reactive; (c) that all of the 
terminal free a-amino N of the peptide chain, or 
chains (detn. 12), is free and reactive and, there
fore, can be obtained by deducting the e-amino 
nitrogen (calculated from the lysine value (detn. 
27a)) from the total free amino N (detn. 11); 
(d) that no proline or hydroxyproline is a t the 
end of a peptide chain; (e) tha t one free terminal 
COOH group corresponds on the other end of the 
chain to each terminal a-amino group. In the 
accounting of the split products in per cent, of 
amino acid residue (detn. 12a) in columns 5 and 6, 
a value for "Terminal H 2O" corresponding to the 
terminal a-amino N has, therefore, been added 
(i. e., one H atom in terminal a NH 2 and one OH 
group in terminal carboxyl). 

(o) It is assumed tha t our determinations refer 
to the unhydrated molecule, since they were car
ried out on air dried material, corrected for 
moisture (cf. refs. 8, 9). We have previously 
contributed some evidence in favor of this con
tention in experiments in which H2O containing 
the heavy oxygen isotope O13 was used as an indi
cator (cf. ref. 9, j). 374). 

Two preparations of /3-lact-oglobulin were 
used for the experiments, for one we are in
debted to Dr. R. K. Caiman, for the other 
to Dr. G. Haugaard. About 2.5 g. of protein 
was used for the determinations reported in 
Table I. 

(7; Brand and Diskan t , unpubl ished work. 
!8) Brand and Kassel l , J . GfK. Physiol, 25, 107 (111-11). 
i!>) P r a n d and Kassel l , J. KM. Chem., 145, 305 (1942). 


