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A series of aminoalkylisothiuronium salts and N-substituted aminoalkylisothiuronium salts have been prepared from the

corresponding aminoalkyl halide and thiourea or an N-substituted thiourea.

The 1,2- and 1,3-aminoalkylisothioureas either

underwent intratransguanylation at neutral pH to yield mercaptoalkylguanidines or were converted at acid pH to 2-amino-

thiazolines and 2-aminopenthiazolines.

Introduction

S,2-Aminoethylisothiuronium-Br-HBr (AET)
and S,3-aminopropylisothiuronium-Br-HBr (APT)
have been reported to significantly increase the sur-
vival of mice when administered prior to an other-
wise lethal dose of X-radiation to the whole body.?
Since these compounds were more active, on a mo-
lar basis, as well as less toxic than the best previous
protective agent, 2-mercaptoethylamine,* we con-
sidered it worth while to prepare and examine for
protective activity a series of aminoalkylisothiuro-
nium compounds to see if any correlation could be
obtained between structure, chemical properties
and radiation-protective activity. This report is
concerned with the preparation and chemical reac-
tions of such compounds. The extensive biological
testing of these compounds for radiation-protective

activity in mice has been reported elsewhere.®
In the course of the biological evaluation, a series
of simple tests were performed to exclude the pos-
sibility, unlikely in view of the normal stability of
isothiuronium salts at neutral pH'’s, that AET and
APT were converted in neutral solution to the cor-
responding 2- and 3-mercaptoalkylamines. We
found that both AET and APT, when neutralized
to pH 7-8, gave strong positive nitroprusside tests,
indicative of a free -SH group. The same solu-
tions also gave a strong Sakaguchi test, showing the
presence of a guanido group. These color tests
demonstrated that mercaptoethyl- and mercapto-
propylguanidine (MEG and MPG) had been
formed from their respective isothiuronium salts.
An investigation of the reaction yielded evidence
that the transformation was pH dependent. If a
solution of AET was refluxed at its own pH (3.5),
both color tests rapidly became negative in aliquots
that were neutralized and tested. A crystalline
product was isolated in essentially quantitative
yield and was identified as 2-aminothiazoline-HBr
(2-AT). These results implicate a common cyclic
intermediate (I) that could either open to form the
mercaptoguanidine or split off ammonia to form the
thiazoline or penthiazoline. Since the conversion
of AET to MEG was instantaneous at pH 7.0 and
independeut of the concentration, the reaction can
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The formation of the ring compounds was catalyzed by the presence of COxz.

be regarded as an intratransguanylation. The
propyl compound, APT, intratransguanylated in a
similar fashion through a penthiazoline inter-
mediate although the optimum pH for rapid con-
version was shifted from pH 7.0 to 9.0. That the
reaction proceeded through the postulated inter-
mediate seemed likely, in view of the rapid and com-
plete conversion of AET in aqueous solution (pH
2.5, 10 min. reflux) to 2-AT. Although aminolysis
of an S-substituted thiourea to yield a guanidine de-
rivative is well known, the conditions required are
usually more alkaline than in the present case. So
far as we are aware there has been no previous mer-
tion of an intratransguanylation of this nature to
yield a stable compound. Intermediates similar to
those postulated here, where the nitrogen has been
replaced by an oxygen to give an oxathiazole, have
been proposed to explain the formation of ethylene
sulfide from ethylene oxide and thiourea.®” In
addition, thiazoline ring intermediates have been
shown to exist in glutathione® and coenzyme A,°
and the lability of 2-methylthiazoline to ammo-
nium ion has been demonstrated by Linderstré¢m-
Lang and Jacobsen.!®

We prepared a series of related compounds to
examine the necessity for the reaction to proceed
through the cyclic intermediate. When the car-
bon chain was extended to four, i.e., S,4-amino-
butylisothiuronjum-Br+-HBr, no intratransguanyl-
ation occurred since an unlikely seven-membered
ring intermediate would have to be formed, and
the compound was stable at neutral pH. Sub-
stitution of the amine nitrogen atom of AET or
APT with one alkyl group did not affect the reac-
tion. However, replacement of both hydrogens
of the amine nitrogen with either alkyl groups or a
ring system yielded stable isothiuronium salts that
could be hydrolyzed only by base to the corre-
sponding thisls.

The extent and direction of these reactions at
various pH’s has been extensively studied by ion-
exchange techniques.l! It was observed that the
products obtained depended on the base used for
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neutralization. Thus, when AET was dissolved
in one equivalent of NaOH or an excess of 0.4 M
phosphate buffer pH 7.0, 2-mercaptoethylguanidine
was obtained exclusively, whereas AET dissolved
in one equivalent of NaHCOQ; yielded a solution at
pH 7.0 composed of 609, MEG and 409, 2-AT.!?
To determine whether this was a bicarbonate ion
effect or the formation of a carbonate intermedi-
ate by the addition of CO, to a basic group, we per-
formed an experiment in which an AET solution,
pH 4.5, was shaken in a pressure bottle at room tem-
perature under one atmosphere of CO.. The con-
version to 2-AT was complete in one hour, in con-
trast to the mixture of MEG and 2-AT obtained
after four days at room temperature at this pH.!!
An effect of bicarbonate ion on the hydrolysis of
S-alkylisothiuronium salts has been reported by
Horak,!® who showed that bicarbonate salts pre-
pared from the halides at low temperatures decor-
posed quantitatively on heating to yield the thiols.

The mechanism of the rearrangement of AET to
MEG and 2-AT may be best explained by the for-
mation of an unstable intermediate I that decom-
poses to the products in the following series of con-
tinuous steps. Similar transformations may be
postulated for APT.

Step 1, which is probably rate limiting, involves
the formation of an unstable intermediate I, com-
mon to all reactions, by the competition between
protons and the adjacent carbonium ion for the pri-
mary amino group, with the resultant attack of the
carbonium ion on the amino group (or vice versa)
and the liberation of a proton from the amino
group. The formation of I is strongly pH de-
pendent and is slow at very high proton concentra-
tions. Step 2, the acid-catalyzed formation of 2-
AT, proceeds by the attack of a proton on a
guanylamino group of I, attracting electrons and
liberating NH,* and 2-AT+, a fast step at high
proton concentrations. In step 3, the rearrange-
ment of I to MEG occurs rapidly at neutral pH
since, at low proton concentrations, the uncharged
amino groups of I cause a migration of the adjacent
C-S bonding electrons to the sulfur atom, thus
forming guanidiniumethylmercaptide ion. Step 4,
in the pH range of 4 to 7, probably involves the
attack by CO, or H,COj; on the uncharged guanyl-
amino groups of I, attracting electrons and result-
ing in the liberation of ammonium bicarbonate and
2-AT. Thus, when AET is neutralized by the ad-
dition of one equivalent of bicarbonate, steps 3 and
4 compete and a mixture of MEG and 2-AT is ob-
tained.

The preparation of isothioureas has been re-
viewed by Schroeder!4 and several of the modifica-
tions mentioned are applicable to the syntheses of
aminoalkylisothiuronium salts. Since both amino-
alkyl and alkylaminoalkylisothiuronium salts of
two- and three-carbon chain length between the
nitrogen and sulfur are capable of these rearrange-
ments, care must be taken during the synthesis to
avoid conditions favorable to the formation of
thiazolines, whose presence in the resultant mix-

(12) J. X, Khym, R. Shapira and D. G. Doherty, unpublished re-
sults.
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tures makes them difficult to crystallize and purify.
We found it better to use solvent mixtures contain-
ing only trace amounts of water, in which the start-
ing materials were soluble but the product was in-
soluble. Reaction times were kept short by the
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use of the more reactive bromides rather than the
chlorides, since long reflux times and high reflux
temperatures accelerated the decomposition of the
products. Absolute isopropyl alcohol or mixtures
of absolute ethanol and ethyl acetate were the two
most useful solvent systems. The only isothiourea
of this type previously reported was AET, which
had been prepared by Clinton, et al.,'® by refluxing
a mixture of 2-bromoethylamine-HBr and thiourea
in ethanol for six hours. In our hands, this proce-
dure yielded a product containing appreciable
amounts of 2-AT,amore toxic by-product than AET.
In absolute isopropyl alcohol, the aminoalkyl bro-
mides reacted completely in 10-30 minutes, whereas
the corresponding chlorides required 1-3 hours and
gave increased amounts of thiazolines.

Inasmuch as those amino and alkylamino-
alkylisothiuronium salts capable of intratrans-
guanylation at neutral pH can also, under more acid
conditions, be converted readily to thiazolines and
penthiazolines, they are excellent intermediates
for the synthesis of a wide variety of these com-
pounds as well as nitrogen- and sulfur-containing
spirononanes and spirodecanes. The transfor-
mations of several such substituted isothiuronium
salts have been studied in detail by ion-exchange
techniques and will be reported subsequently.!®

Experimental

Aminoalkyl halides used for the preparation of the amino-
alkylisothiuronium compounds listed in Table II were syn-
thesized by six general methods (listed A~F in Table II).

Method A.—The Gabriel synthesis of amines!” was used
for preparation of the halide precursors of compounds 1 aud
2

Method B.—Pyrrolidine, piperidine and morpholine were
alkylated with ethylene chlorohydrin, propylene chlorohy-
drin and butylene chlorohydrin to produce the amino alco-
hols used in the preparation of compounds 17-25.8 The
amino alcohols were converted to the alkyl chlorides in
Table I by reaction with thionyl chloride in chloroform.!®
The method is illustrated by the following two preparations.

3-(1-Pyrrolidinyl)-propylchloride -HCl.—To a mixture of
47.0 g. (0.36 mole) of 3-(1-pyrrolidinyl)-propyl alcohol and
200 ml. of dry chloroform was added dropwise 47.6 g.
(0.44 mole) of fresh thionyl chloride. The solution was held
at room temperature during the addition, stirred overnight,
evaporated to dryness, and recrystallized from absolute
alcohol and ethyl acetate. The purified product weighed
58.0 g. (61.5%,), m.p. 142-143°,

4-(4-Morpholinyl)-butylchloride-HCl.—By the preceding
method, reaction of 4-(4-morpholinyl)-butyl alcohol with
t1}E:i20g1YI chloride gave a purified product (689%), m.p. 151—

Method C.—Lithium aluminum hydride reduction of y-
phenoxybutyronitrile by the procedure of Nystrom and
Brown?® for the reduction of nitriles gave 4-phenoxybutyl-
amine and 4-phenoxybutylamine-HBr in good yields. Acid
hydrolysis (concd. HBr) of either compound led to the forma-
tion of 4-bromobutylamine-HBr, the halide precursor of
compound 3, Table II.

4-Phenoxybutylamine -HBr.—In a 1-liter flask was mixed
7.6 g. (0.2 mole) of crushed lithium aluminum hydride and
300 ml. of dry ether. To the stirred solution was added
32.2 g. (0.2 mole) of y-phenoxybutyronitrile in 200 ml. of

(15) R. O. Clinton, U. J. Salvador, 8. C. Laskowski and C. M. Suter,
THIS JoURNAL, T0, 8§50 (1948).

(16) J. X. Khym, R. Shapira and D. G. Doherty, unpublished.

(17) *“Organic Syntheses,” Coll. Vol. I, 2nd ed., John Wiley & Sons,
Inc., New York, N. Y., 1941, p. 119,

(18) F. F. Blicke and C. E. Maxwell, THI1S JOURNAL, 64, 428 (1942).

(19) J. B. Wright, H. G. Kolloff and J. H. Hunter, ¢bid., T0, 3098
(1948),

(20) R. . Nystrom and W. G. Brown, #bid., 70, 3738 (1948).
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TaBLE I
AMINOALKYLCHLORIDE HYDROCHLORIDES
Amino alcohol

B.p., Chloride-HCI
°C., Yield, M.p., Vield.
20 mm. % °C. %
2-(1-Pyrrolidinyl)-1-ethanol® 85 8 173-174' 75
3-(1-Pyrrolidinyl)-1-propanol® 110 73  142-143 62
4-(1-Pyrrolidinyl)-1-butanol® 122 67  111-113* 60
2-(1-Piperidinyl)-1-ethanol? 95 86 231-232° 77
3-(1-Piperidinyl)-1-propanol® 115 74  208-209™ 71
4-(1-Piperidinyl)-1-butanol” 126 68 162-163" 70
2-(4-Morpholinyl)-1-ethanol® . . 182-183° 80
3-(4-Morpholinyl)-1-propanol* 130 76  168~189° 76
4-(4-Morpholinyl)-1-butanol®* 140 61 151-152 68
s T, v.Braun, efal., Ber., 55, 1673 (1922). ®E.H. Wood-

ruff, C.4., 48, P 13723 (1954). ¢R. B. Moffett, J. Org.
Chem., 14, 862 (1949). 9 See text ref. 18. ¢ See text. ref.
18, and R. O. Clinton, THIS JOURNAL, 71, 3366 {1949).
7 J.v.Braun, Ber., 49, 973 (1916). ¢ See text ref. 18; and
obtained fromn Union Carbide Chemicals Co. *R. O.
Clinton, THIs JourNaL, 71, 3366 (1949). ¢G. W. Ander-
son and C. B. Pollard, ibid., 61, 3439 (1939). 7 See text
ref. 19; mn.p. 173.5-174°. #H. G. Kolloff, et al., TH1S
JOURNAL, 71, 3988 (1949); m.p. 111-113°. ! See text.
ref. 18; m.p. 229-231°; and C. H. Tilford, et al., THIS
JourNaL, 70, 4007 (1948); n.p. 231-232°. = R. R.
Adams and F. C. Whitmore, ibid., 67, 735 (1945); m.p.
208-209°. ™ A. Albert, Ber., 42, 545 (1909); m.p. 162°.
°oC. H. Tilford, et al., THIS JOURNAL, 70, 4007 (1948);
m.p. 182-184°; and J. P. Mason and H. W. Block, ibid.,
62,1445 (1940); m.p.182°. » Ref.mreportsm.p. 168-170°.

ether at a rate to produce gentle reflux. Water was then
added dropwise to the ice-cooled flask, and tlien 500 ml. of a
209, solution of sodium-potassium tartrate (Rochelle Salt).
The ether layer was separated and the aqueous layer ex-
tracted twice with 100-ml. portions of ether. After drying
over calcium sulfate, the ether solution was evaporated at
reduced pressure to an oil. The oil could be distilled to give
4-phenoxybutylamine,® 146-148° (17 mm.), or dissolved
in 200 ml. of #-propyl alcohol and the solution saturated with
dry HBr. The white precipitated product was filtered,
washed with cold #-propyl alcohol, and dried to give 42.5 g.
(86.5%), m.p. 159-160°.

4-Bromobutylamine-HBr.—A mixture of 37.0 g. (0.15
mole) of 4-phenoxybutylamine-HBr and 100 ml. of HBr
(489%,) (0.625 mole) was refluxed for 6 hours and then
evaporated under reduced pressure to dryness. Recrystalli-
zation from absolute ethyl alcohol-ethyl acetate gave 30.0
g. of product (85.5%), m.p. 146-146.5°.

Method D.—Hydroxyalkylamine liydrochlorides were
prepared by treating hydroxyalkylamines with dry HCI in
n-propyl alcohol.2? The salt was then converted to the
aminoalkylcliloride hydrochlorides with thionyl chloride in
dry benzene or chloroform.? This method was used in
the preparation of 2-aminoethylchloride hydrochloride,?? 3-
aminopropylchloride  hydrochloride,?*  N-methylamino-
ethylchloride hydrochloride,® N-dimethylaminoethylchlo-
ride hydrochloride? and N-diethylaminoethylchloride . HC18
and these compounds were used in the preparation of com-
pounds 4, 5, 6 and 7% in Table II.

Method E.—Hydroxyalkylamines used in the prepara-
tion of comnpounds 1, 2, 12, 13, 14 and 15 (Table II) were
refluxed in a large excess of concentrated HBr and the water
formed was removed from the higher boiling HBr~H,O azeo-
trope, as described in the preparation of 2-bromoethyl-
amine-HBr.?” N-Phenylaminoethylbromide-HBr was pre-
pared by the modified procedure of Pearlman.2

N-Isopropylaminoethylbromide- HBr.—2-Isopropylamino-
ethanol prepared from acetone and aminoethanol by the

(21) C. S. Marvel and A. L. Tannenbaum, $bid., 44, 2645 (1922).

(22) J. H. Jones, J. Assoc. Ofic. Agr. Chemists, 2T, 467 (1944).

(23) G. D. Jones, et al., J. Org. Chem., 9, 125 (1944).

(24) J. Lohmann, Ber., 24, 2631 (1891).

(25) 1. G. Farbenind, C. 4., 30, P 8241 (1936).

(28) L. Hall, et al., Org. Svntheses, 81, 37 (1951).

(27) ’Organic Syntheses,” Coll. Vol. II, John Wiley & Sens, Inc.
New York, N. Y., 1943, p. 91.

(28) W. M. Pearlman, TuIs JourNar, 70, 871 (1948).
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TaBLE II
R, NH, | *+
AMINOALKYLISOTHIURONIUM SALTS Rz—‘li\T——( CH,)»—S—C 2X -
R, NH,

M.p, Carbon, 9, Hydrogen, 9, Nitrogen, % Sulfur, %
R: Rs R, n X  Method °C. Formula Caled. Found Caled. Found Caled. Found Caled. Found,

H H H 2 Br A E  193-194% CiHuN;SBr: .. N e
H H H 3 Br AE 144-145 C{HuNiSBr: 16.28 16.47 4,44 4.64 14.24 14,33 10.87 10.86
H H H 4 Br C 187-188 CsH1sN1SBr2 19.43 19.43 4.89 4.90 13.59 13.67 10.37 10.10
H 159 H 2 C1 D ... CsHisN;3SCl, 18.76 18,82 5.77 5.89 21.87 22,08 16.69 16.49
H H H 3 C1 D ... C1iH1sN1SCle 23.30 23.24 6.35 6.57 20.38 20.11 15.55 15.31
CH, H H 2 C1 D 164-166 CiHNLSClz 23.30 22.70 6.33 7.67 20.38 19.78 15.55 14.78
CHa CHy H 2 C1 D 181-183" CiHisN,SCle 27.28 27.34 6.87 6.93 19.09 19.06 14.57 14.40
CHa CH: CHas 2 Br F 120-122 CeHyyN1SBr: 22.30 22.71 5.30 5.46 13.00 12.43 9,92 9.30
CaHs C2Hs C:Hs 3 Br ® 218-220 CioHasNSBre  31.67 31.42 6.65 6.40 11,08 11.24 8.435 8.49
CaHs CoHs H 2 C1 D 196-197¢ C;H1sNiSCl, 33.87 33.72 7.71 7.52 16.93 16.91 12,92 13.02
CH, CHa: CH, 3 Br ¥ 194-195 CrH1sN¢SBr2 24.92 24.93 5.68 5.57 12.46 12.38 §.51 9.37
CoHs C:Hs H 3 Br E 195.5-197 .5 CsHaNsSBr2 27.36 27.51 6.03 5,87 11.87 11.78 9.13 9.04
CsHr H H 2 Br FE 103-106 CeH17N3SBre 22.30 22.29 5.30 5.26 13.00 12,98 9.92 10.03
CsHy H H 3 Br E 134-135 C7HiyN;iSBrs 24,94 25.06 5.68 5.69 1?2.46 12.51 9.51 9.04
CeHsy H H 2 Br E 217-218 CoHisN;5Brs 30.27 30.47 4.23 4.32 11.77 11.78 8.98 8.97
CH;CO H .. 2 C1 B 193-194 CsHaN3SOC1  30.38 30.290 6.12 5.99 21,26 21.05 16.22 16,09

-CH;CH:CHyCHo- H 2 C B 179-1819 C/HuyN:SCl: ... o . . . o . o
-CH:CH:CH:CHz- H 3 Cl B 223-224 CaH1eN3SCle 36.92 37.06 7.36 7.10 16.15 16.35 12.32 12.70

-CH:CH.CH:CHa- H 4 Cl B 206-207° CyH2N,SCl, o .. P o . .

-CH:CH:CH:CH:CH:- H 2 Ql B 226227/ CsHieN,SCly N e o . e NS L N
—CH:CH:CH;CH:CH,y— H 3 Cl B 202-204 CoHuNaSCls 39.41 39.40 7.72 7.70 15.32 15.32 11.69 11.62
-CH:CH:CH:CH:CH:- H 4 Cl B 171-173 C1HuN;SCl: 41,66 41,73 8,04 8.20 14.58 14,52 11,12 11.29

—CHsCH:-O-CH:CHs— H 2 Cl B 239-2409 C7H17N3SOCl: AN F .. .. NN A e L.
-CH;CHs-O-CH2CHo~ H 3 Cl1 B 221-223 CeH1sN380C1; 34.78 35.02 6.93 6.78 15.21 15.40 11.61 11.50
-CH:CH,-O-CH:CHa- H 4 Cl B 192-194 CeHaNSOCIl, 37.24 37.03 7.29 7.30 14.48 14.41 11.05 11.18
¢ R. O. Clinton, et al., THIS JOURNAL, 70, 950 (1948); m.p. 194-195°. & Ibid., m.p. 182-183°; and R. R. Renshaw, ¢bid.,
60, 1765 (1938); m.p. 181-182°. ¢ N. F. Albertson and R. O. Clinton, ¢bid., 67, 1222 (1945); m.p. 194-195°. ¢ H. G.
Kolloff, et al., ibid., 71, 3988 (1949); m.p. 174-175°. ¢ Jbid., m.p. 168-169.5°. / Ref. a; m.p. 225-225.5°, ¢ Ref. a;

m.p. 233-235°.

TasLE 111
NHR, ]+
AMINOALKYLISOTHIURONIUM SALTS | NH;y—CH;—CHs—S—C 2Br-
NHR,
M.p., Carbon, % Hydrogen, % Nitrogen, % Sulfur, %,
Ri R °C. Formula Caled. Found Caled. Found aled. Found aled. Found
CH, H 214-215 CH;NSBry* 16.28 16.15 4.44 4.42 14.24 14.27 10.87 10.92
C:Hs H 141-144  CyH;yN;SBrs 19.43 19.62 4.8 5.03 13.59 13.79 10.37 10.49
CH.CHCH; H 102-105  CgHy;;N;SBry® 22,44 22,49 4.71 4.59 13.09 13.17 9.98 9.71
CH; CH, 121-125  CyHyN;SBry® 19.56 19.33 4.27 4.45 13.68 13.46 10.44 10.49
CeHs H 221-222  CgHy;N;SBry’ 30.27 30.45 4.23 4.18 11.77 11.82 8.98 8.81
C.H; C.Hs 152-154 C7H19N35Brg’{ 24 .94 24,93 5.68 5.83 12.46 12.24 9.51 9.47
CH, CH, 135-137 CuHyxN,SBr? 33.59 33.61 6.92 6.95 10.69 10.70 8.15 8.27
C¢H;CH: C¢H;CH. 118-119 C,;HyuNSBr® 44.26 44.35 5.03  5.00 9.11 9.09 6.95 7.01

¢ Prepared from l-methyl-2-thiourea (‘‘Organic Syntheses,” Coll. Vol,
b Prepared from l-ethyl-2-thiourea, procedure from ref. a.
¢ Prepared from l-phenyl-2-thiourea, EK #1569.

1955, p. 617).
4 Prepared from ethylenethiourea (ref. a, p. 394).
diethyl-2-thiourea, EK #1803.
thiourea, EK #6858.

procedure of Hancock and Cope?® was brominated by the
procedure described in reference 27. The product obtained
(80%) had a m.p. of 188-189°. Amal. Caled. for CsHys-
NBry: N, 5.66. Found: N, 5.60.
N-Isopropylaminopropylbromide - HBr.—3-Isopropyl-
aminopropanol® prepared from acetone and 3-aminopro-
panol by the procedure above? was brominated also as

above. The product obtained (829,) had a m.p. of 190~
191"5. Anal. Caled. for C¢HisNBre: N, 5.36. Found:
N, 5.18.

Method F.—Bromoalkyltrialkylammonium bromides used
in the synthesis of compounds 8, 9 and 11 in Table II were
prepared from the anhydrous trialkylamines and corre-
sponding alkyldibromide by the procedure of Kriiger and
Bergell.3t The compounds prepared were 2-bromoethyltri-

(29) ’Organic Syntheses,” Coll. Vol. I1I, John Wiley & Sons, Inc.,
New York, N. Y., 1955, p. 501.

(30) R. C. Elderfield, ef al., THIS JoURNAL, 68, 1579 (1946).

(31) M, Kriiger and P. Bergell, Ber., 86, 2901 (1903).

¢ Prepared from 1,3-dibutyl-2-thiourea, EK #2138.

III, John Wiley & Sons, Inc., New York, N. Y.
¢ Prepared from l-allyl-2-thiourea, EK #12.
/ Prepared from 1,3-
% Prepared from 1,3-dibenzyl-2-

methylammonium bromide,3? 3-bromopropyltriethylam-
monium bromide®? and 3-bromopropyltrimethylammonium
bromide.33

3-Bromopropyltrimethylammonium Bromide.—In a 100-
ml. pressure bottle, 40.2 g. (0.2 mole) of 1,3-dibromopropane
and 20 ml. of drv toluene was cooled in an ice-bath and 12 g.
(0.2 mole) of anhydrous trimethylamine was added. After
being sealed, the reaction mixture was incubated at 40° over-
night. The solid product was chopped out, washed with
ligroin, ether and recrystallized, decolorized from ethanol,
yielding 37 g. of purified product, m.p. 208° (70.5%).

Aminoalkylisothiuronium compounds listed in Tables II
and III were prepared from the corresponding aminoalkyl
halide salt and thiourea (Table II) or from 2-bromoethyl-
amine hydrobromide and a substituted thiourea (Table I1I).
In our hands, aminoalkylbromide salts were more reactive
than the corresponding chlorides, and isopropyl alcohol was

(32) Reference 31 and A. Bode, Ann., 267, 268 (1892),
(33) R. Lucius, Arch. Pharm., 248, 254 (1907).
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the best solvent for the reaction. Compounds 1-6 and 13-
15 in Table II and compounds in Table 111 were all found
subject to further reaction, £.e., thiazoline formation and/or
rearrangement (see text). The method designed to limit
this secondary reaction in the sensitive isothiuronium com-
II)f)unds is given below for the synthesis of compound 1 (Table

S,2-Aminoethylisothiuronium-Br-HBr.—Thiourea (alco-
hol-soluble, recrystallized, 76.1 g., 1.0 mole) was added to
400 ml. of hot isopropyl alcohol (reagent ACS containing
0.59, water) in a 1-liter flask fitted with an efficient con-
denser, and was refluxed gently for 5 minutes to effect almost
complete solution. Recrystallized 2-bromoethylamine-HBr
(205 g., 1.0 mole) was added, and the refluxing continued.
All was in solution within a few minutes and after about 10
minutes, crystallization of the product began, accompanied
by vigorous boiling of the solvent. The reaction mixture
was heated for an additional 20 minutes; the precipitated
AET was filtered, washed with isopropyl alcohol and then
ethyl acetate, and dried i» vacuo; yield 230 g., 1.e., 829, of
theoretical; m.p. 193-194° (ref. 34; m.p. 193-194°). A
pure product requiring no recrystallization was obtained by
this method if the starting materials were of high quality.
The dry compound was stable under normal conditions of
temperature and humidity (s.e., a shelf life of at least a year
in tightly closed bottles). AET is hygroscopie, however,
under continued exposure to high humidity; it absorbs water,
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cakes together, and is converted in significant amounts to
2-aminothiazoline—a transformation that can be detected
by a drop in melting point by as much as 30°.

Isothiuronium compounds also have been prepared by re-
fluxing the reactants for many hours in ethanol, 34 propanol, %
butanol® and toluene.¥ In our experiments, isopropyl al-
cohol, acetonitrile, absolute ethanol, and mixtures of abso-
lute ethanol and ethyl acetate were the best solvents in terms
of speed of reaction, yield and purity of products obtained.

2-Aminothiazoline . HBr.—AET Br-HBr (28.1 g., 0.1 mole)
was dissolved in 100 ml. of water, refluxed one-half hour and
evaporated in vacuo to dryness. The residue was recrys-
tallized twice from an isopropyl alcohol-ethyl acetate mix-
ture; yield 15.5 g., 8569%, m.p. 175-176°. A mixed melting
point with an authentic sample of 2-aminothiazoline-HBr
was unchanged. This compound was also obtained if AET
was prepared in solvents containing an appreciable amount
of water and refluxed for a long time; e.g., 16 hours reflux
in ethanol gave a 709, yield of the thiazoline.

(34) R. O. Clinton, ef gl., TH1S JoUrNAL, T0, 950 (1948).

(35) R. R, Renshaw, & al,, tbid., 60, 1765 (1938).

(36) C. H. Grogan, ¢t al., J. Org. Chem ., 18, 728 (1953).

(37) F. J. Bandelin and J. V. Tuschhoff, THIS JoURNAL, T4, 4271
(1952).
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B1- and Bs-lactoglobulin have been isolated from milk of individual cows.
species have been studied by electrophoresis and ultracentrifuge methods.
Under similar conditions in the ultracentrifuge only 8;-lacto-

pH 4.8 both 8- and Bs-lactoglobulin are inhomogeneous.
globulin showed evidence of inhomogeneity.

Introduction

The whey protein, B-lactoglobulin, has been
studied extensively since its isolation by Palmer?
in 1934. It was considered to be a homogeneous
protein, largely because of its easy crystalliz-
ability. The homogeneity of S-lactoglobulin was,
however, made doubtful by the discovery of Li*
that the protein showed composite electrophoretic
boundaries near its isoelectric point.

Since then, many observations have indicated
that the usual B-lactoglobulin preparations are
composed of two species. Polis, et al.,’ succeeded
by repeated fractional crystallizations in getting
in small yield a fraction which appeared to be elec-
trophoretically homogeneous. This fraction was
assumed to consist of one protein species only; it
was called Bi-lactoglobulin. Polis, ef al., were un-
successful in isolating the second species in ptre
form. Fractions were obtained which according
to the electrophoretic pattern were not homogene-
ous but only enriched in the second component,

(1) Contribution No. 2156 from the Gates and Crellin Laboratories
of Chemistry.

(2) Supported by the Carnation Company and by a grant from the
Natlonal Science Foundation.

(3) A. M. Palmer, J. Biol. Chem., 104, 359 (1934),

(4) C. H. Li, TH1S JoURNAL, 68, 2746 (1946).

(5) B. D. Polis, H. W. Schmuckler, J. H. Custer and T. L. Mc-
Meekin, ibid., 72, 4965 (1950).

The properties of these two distinct protein
The electrophoretic patterns indicate that at

B2, and it was assumed that some residual 8;-lacto-
globulin was still present.

The existence of two species of B-lactoglobulin
also was suggested by the observation of. Block
and Zweig® that two bands appeared in paper elec-
trophoresis of the protein in barbitol buffer at pH
8.6.

Recently B-lactoglobulin was reinvestigated ex-
tensively by Ogston and Tilley,” They concluded
that B-lactoglobulin was composed of two very
similar species, one of which dimerized reversibly.?

Aschaffenburg and Drewry® recently discovered
by the use of paper electrophoresis as a test proce-
dure that the whey of individual cows differed in
its protein composition; some samples showed the
two B-lactoglobulin bands, others only one or the
other. These authors isolated the two proteins in
crystalline form.

In the present study, two cows were selected such
that the milk of one contained pB;-lactoglobulin
alone and the milk of the other B;-lactoglobulin
alone. From these two sources the two S-lacto-
globulins were isolated in crystalline form. Each

(8) R, J. Block and G. Zweig, Arch. Biochem. Biophys., 48, 386
(1954),

(7) A. G. Ogston and J. M. A, Tilley, Biochem. J., 69, 644 (1955).

(8) For a more complete review of the lactoglobulin problem see

ref. 7.
(9) R, Aschaffenburg and J. Drewry, Nafure, 176, 218 (1955).



