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Helianthates of Amino Acid and Polypeptide Esters

By SamueL GURIN! aND C. F. SEGAL

Sulfonic acid salts of amino acid and polypep-
tide esters have been infrequently described, or
prepared for the characterization of such sub-
stances. Colombano? reported the preparation
of the d-camphor-10-sulfonates and d-bromo-
camphorsulfonates of glycine and alanine ethyl es-
ters. In addition to their mineral acid salts, the
tartrates and picrates of amino acid esters have
been described.? The preparation of helianthates
of a number of bases by Dehn,* as well as the use
of helianthin by Williams® for the removal of
bases from aqueous solution, suggested the pos-
sible application of this method to the characteri-
zation of amino acid and polypeptide esters.

It was found that such salts could be prepared
by the addition of methyl orange to amino acid
ester hydrochlorides in aqueous solution (Table
I). Orange colored crystalline precipitates of
low solubility in water were obtained in yields
ranging from 65-959%,. These substances were
generally recrystallized from hot water, alcohol or
aqueous acetone; they are sparingly soluble in
ether, chloroform and other organic solvents..
RCH(NH,)COOR-HCI + (CH,);NC,H,N;C,H,50;Na —>

RCH(NH,)COOR:(CH;):NCeHN,CsHSO:H + NaCl

Similar salts likewise may be prepared by the
addition of helianthin to the free esters in appro-
priate solvents, This method has been employed
only with butyl esters since they show consider-
ably less tendency to form piperazines than do
their corresponding methyl and ethyl esters.®
For this purpose, several amino acids and peptides
were esterified successfully at temperatures below
56° by prolonged vacuum distillation in the pres-
ence of a conttinuous excess of butyl alcohol con-
taining just enough mineral acid for neutraliza-
tion of the amino groups. The free esters were
liberated ' with sodium hydroxide and sodium
carbonate, followed by extraction with ether;

after drying, and evaporating in vacuo, the re-
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sidual sirup was usually dissolved in agqueous ace-
tone and converted to the helianthate by the addi-
tion of an equivalent amount of helianthin.

Similar well crystallized salts are obtained with
peptide esters (Table II). In these cases, hot
aqueous solutions of methy! orange were added in
equivalent proportion to cold and well-stirred
aqueous solutions of peptide ester hydrochlorides.

In general, all of the helianthates are orange in
color, and decompose over a narrow temperature
range upon heating; in most cases darkening and
gas formation were observed before the salts
melted.

Colorimetric helianthin estimations were carried
out in 50% aqueous acetic acid against helianthin
standards dissolved in the same solvent, Con-
centrations of approximately 10— molar were
used, since readings can be taken quite easily at
this strength. The analytical figures given in
the tables were obtained with a ‘‘Step’’ photome-
ter equipped with an appropriate light filter, or
with a K. and E. color analyzer using monochro-
matic light at 5100 A.

In Table III are listed helianthates prepared
from esters having one or more functional basic
groups. It will be observed that lysine, histidine,
argiuine and cystine esters, as well as a-glycyl-
lysine methyl! ester,” form di-helianthates whereas
e-carbobenzoxylysine ester’ yields a mono-helian-
thate. Within limits, therefore, colorimetric es-
timation of helianthin in such compounds affords
another method for the titration of combining
basic groups.

Guanidine salts are rapidly and almost com-
pletely precipitated from aqueous solution by
methyl orange. It is interesting to note that free
amino acids and polypeptides as well as their N-
acyl derivatives do not yield similar products;
cystine hydantoic acid and 5-methylhydantoin
likewise failed to react.

Although helianthates of volatile bases have
been decomposed by heating at temperatures
sufficiently high to produce appreciable dissocia-
tion,® this method of recovering the base appar-

(7) The authors wish to acknowledge their indebtedness to Dr
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these compounds.
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TaABLE
Helianthates Formula di\g:, I;,C cs:ﬁ)a';?l Ca%l{:c{l.anthg‘lézgd al gftrogelll,?o%nd
Glycine ethyl ester C.Hy0:N-(CysH;150;N,3S) 203.0 Blocks 74.7 78.0 13.72 13.55
Alanine ethyl ester CsH;;,0,N-(C1H150;N:S) 211.5 Needles 72.3 73.5 13.27 13.38
I-Leucine ethyl ester CsH170:N-(C1H150:N:S) 210.5 Needles 65.7 65.5 12.07 11.86
Phenylalanine ethyl ester ~ CyHys0eN-(CuH150:N:S)  210.0 Bars 61.5 62.7 11.24 11.44
l-Tyrosine ethyl ester CuHis0:N (C1HsO3N,S)  209.0 Blocks 59.3 62.5 10.89 10.72
Methionine ethyl ester C7H150:NS- (C1 Hyis:O3N8)  210.5 Needles 63.3 68.1 11.62 11.53
Alanine butyl ester C7H150.N (C14H;1503N;:S) 201.5 Needles 67.8 68.1 12.44 12.64
d-Glutamic dibutyl ester C13H1,50¢N' (CqusOaNsS) 199. 0 Bars 54.1 56.1 9.93 8.95
TABLE 11
Helianthates Formula dclﬂ:\g.. ) IgC Cs?;s;: ! clffclémh’%bﬁ Cal?&?mgenfzomd
Glycylglycine ethyl ester CeH1:03N2 (C1H1s05N5S) 210 Plates 65.6 66.0 15.05 15.09
Glycyl--leucine ethyl ester  CioHgoOsN2 (CuH1:0:N:S) 216 Prisms 58.5 59.7 13.43 13.60
Alanylalanine butyl ester  CiHggO3N2-(CraHypsOsN3S) 210 Needles 58.5 59.1 13.43 13.32
Glycylalanine butyl ester  CoHysOsNs (CiHysO3N:S) ... Blocks 60.2 59.6 13.80 13.71
Alanylglycine butyl ester CoH;50;N2 (CyH;sOsN:S) 210 Plates 60.2 63.0 13.80 13.93
Diglycylglycine ethyl ester CsH;ON3 (C(HiiO:N3S) 215 Plates 58.4 58.1 16.09 15.85
Leucylglycylglycine ethyl
ester CmHzanNs'(CqusOsNgS) 187 Blocks 52.8 54.6 14.53 14.35
TABLE I1I
Substance Formula M. ., °C. Cslt;yf;:)teal Clzfezlég.‘nthl;’otlxygxd Callgét.mgmi?z&nd
d-Lysine methyl ester di-
helianthate CyH160:N3-2(C1Hi1503N;38) 242.5 Needles 79.2 78.3 14.54 14.43
¢-Carbobenzoxy-d-lysine
methyl ester helian-
thate CisHeeOuNo (CraH1:0;N:S) 183.0 Plates 50.9 50.6 11.68 11.70
a-Glycyl-d-lysinie methyl
ester di-helianthate CsH150:N3-2(C1H;y50;N;S) 232.5 Plates 73.8 75.5 15.23 15.16
{-Cystine diethy] ester di-
helianthate C1oH200N,;8:2(CiH;03N;8)  212.0 Bars 67.3 70.1 12.36 12.20
I-Histidine methyl ester
di-helianthate C1H1105Na'2 (CuHquNaS) 221.0 Bars 78.3 76.3 16.17 16.05
d-Arginine methyl ester
di-helianthate C7H1502N¢'2(C14H1503Nas) 229.5 Blocks 76.4 77.0 17.54 17.65
Guanidine helianthate CH;:Ny (CuHuOsNxS) 270.0 Needles 83.8 84.9 23.07 23.08

ently cannot be applied to the more heat stable
amino acid ester helianthates; alanine butyl ester
could not be recovered by dry distillation of the
helianthate. A satisfactory method of recovery
involves acidification of an alcoholic solution of the
salt with dry hydrogen chloride. A very small
amount of acid is generally sufficient to precipi-
tate the greater part of the helianthin, leaving
the ester hydrochloride in solution. Glycine
ethyl ester hydrochloride was recovered in this
manner from its helianthate in a yield of 79%.
Attempts to decompose helianthates with alkali,
. followed by extraction with ether, have in several
cases resulted in poor recovery of the amino acid
esters.
Preliminary experiments indicate that salts of
similar sparing solubility in water are apparently
formed by Congo red, although this reagent ap-

pears to offer no advantage over methyl orange.
Furthermore, ethane sulfonic, #-butane-sulfonic,
benzyl-sulfonic, #-nitrobenzenesulfonic and d-
camphor-10-sulfonic acids were found to yield
hygroscopic and extremely water soluble sulfon-
ates of amino acid and polypeptide esters. These
substances were not investigated further.

Experimental

Glycine Ethyl Ester Helianthate.—To 10 cc. of a chilled
aqueous solution of 1.39 g. of glycine ethyl ester hydrochlo-
ride was added with good stirring and cooling, 75 cc. of a
hot water solution containing 3.27 g. of methyl orange.
After stirring for twenty minutes, a heavy orange precipi-
tate was filtered and washed several times with cold water.
The product after recrystallization from hot methyl alco-
hol weighed 3.2 g. (78%). It may also be recrystallized
from hot water.

Dibutyl-d-glutamate Helianthate.—To a solution of 5 g.
of d-glutamic acid in 20 cc. of water containing 2 cc. of
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concentrated sulfuric acid, 100 cc. of butyl alcohol was
added, and the material subjected to prolonged vacuum
distillation at a temperature not higher than 55°. Butyl
alcohol was added from time to time as required, and dis-
tillation continued for eight to tem hours, although es-
terification is practically comrplete in four to five hours.
After removal of excess butyl alcohol by vacuum distilla-
tion, the residual yellow oil was dissolved in 20 cc. of cold
water, made alkaline, and the butyl ester extracted into
ether by the usual Fischer method. From the ether solu-
tion, 7.445 g. (849%) of the ester was obtained as a yellow
oil. It was then dissolved in 50 cc. of 50% aqueous ace-
tone, and a solution of 8.7 g. of helianthin in 100 cc. of the
same solvent added. On evaporation to approximately
75 cc., a heavy precipitate of orange needles was filtered,
and washed with 50 cc. of cold water. After recrystalliza-
tion from hot methyl alcohol (1 g. requires 40 cc. boiling
alcohol), 11.83 g. of helianthate was obtained (75% from
ester). The product is sparingly soluble in cold water, ether
or petroleum ether, but somewhat more so in acetone, aque-
ous acetone, and hot methyl alcohol, dioxane or water.

d,J-Alanine Butyl Ester Helianthate.—Alanine (5 g. in
50 cc. of water containing 3.5 cec. concentrated sulfuric
acid) was converted to its butyl ester sulfate by vacuum
distillation in the presence of excess butyl alcohol as de-
scribed above. From this material, 4.37 g. of free ester
was obtained and converted to the helianthate by the addi-
tion of 9.2 g. of helianthin in aqueous acetone solution.
After recrystallization from hot alcohol, the salt weighed
10.45 g. (77% from ester).

Methionine Ethyl Ester Helianthate.——Methionine ethyl
ester hydrochloride was prepared from synthetic methio-
nine with absolute ethyl alcohol and dry hydrogen chloride
gas; it was recrystallized from alcohol and ether; m. p.
212° dec., N, 6.61; caled. for C;H;¢O0:NSC], N, 6.55. Toa
solution of 1 g, of methionine ethyl ester hydrochloride in
10 cc. of cold water, was added 1.5 g. of methyl orange in
25 cc. of hot water. After stirring and cooling for thirty
minutes, the precipitate was filtered, washed with cold
water and recrystallized from boiling methyl alcohol (1 g.
requires 150 cc. of methyl alcohol). The product weighed
1.8 g. (81%).

Glycylglycine Ethyl Ester Helianthate.—Ninety-eight
hundredths gram of glycylglycine ethyl ester hydro-
chloride prepared according to Fischer and Fourneau®
(m. p. 181-182°), was dissolved in 5 cc. of cold water,
and a solution of 1.63 g. of methyl orange in 23 cc. of hot
water added with good stirring and chilling. The precipi-
tate was filtered, washed with cold water and, after re-
crystallization from boiling alcohol, weighed 1.97 g. (85%).

Glycyl-l-leucine Ethyl Ester Helianthate.—Glycyl-I-
leucine ethyl ester hydrochloride was prepared in the usual
way from glycyl--leucine.® The product is appreciably

(9) Fischer and Fourneau, Ber., 34, 2868 (1901).
(10) Fischer and Steingroever, 4nn.. 865, 167 (1909).
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soluble in alcohol from which it may be precipitated by 2-3
volumes of ether in the form of glistening plates; m. p.
163-164°; N, 11.20; caled. for C;eH;O;N.Cl, N, 11,09,
The helianthate was obtained as described above in 929,
yield after recrystallization from hot ethyl alcohol.

Guanidine Helianthate.—To a solution of 2 g. of guani-
dine sulfate in 50 cc. of water was added with stirring a hot
solution of 6.1 g. of methyl orange in 150 cc. of water.
After filtering and washing with water, the precipitate was
recrystallized from 800 cc. of boiling water. The product
weighed 6.35 g. (95%).

Glycine Ethyl Ester Hydrochloride from Glycine Ethyl
Ester Helianthate.—Two-tenths gram of glycine ethyl ester
helianthate was dissolved in 100 cc. of hot absolute ethyl
alcohol and acidified with a small amount of dry hydrogen
chloride gas producing an almost immediate precipitate of
helianthin. After cooling, the helianthin was removed by
filtration, and the alcoholic solution concentrated in vacuo
to a volume of 10 ce. On chilling, glycine ethyl ester hy-
drochloride was obtained, and, after recrystallization from
10-15 cc. of hot absolute alcohol, weighed 0.0539 g.
(78.9%); m.p. 142°. A mixed m. p. with synthetic gly-
cine ethyl ester hydrochloride showed no depression.

Summary

By the addition of methyl orange to amino acid
and polypeptide ester hydrochlorides, crystalline
helianthates have been prepared. These salts
are non-hygroscopic and sufficiently insoluble in
water to serve as a convenient means for isolating
or characterizing amino acid and polypeptide
esters. Similar salts may likewise be prepared by
the addition of helianthin to the free esters.

Butyl esters of amino acids and polypeptides
may be prepared conveniently by vacuum distilla-
tion with excess butyl alcohiol containing small
amounts of mineral acid.

Amino acids and polypeptides do not yield simi-
lar products; guanidine forms a characteristic
helianthate having a low solubility in water.

Colorimetric estitnations of helianthin in these
salts have been carried out in 509, aqueous acetic
acid, thereby furnishing a simple method for the
titration of combining basic groups as well as
analysis of the substances. Lysine, histidine,
arginine and cystine esters have been found to
form di-helianthates.

A method is described for the recovery of ester
hydrochlorides from their helianthates.
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