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A method of peptide synthesis is described in which the trityl group is used to protect the amino group of amino acids

and peptides.

These trityl derivatives are coupled with other amino acids by the usual methods.

The trityl group is re-

moved under mild conditions, e.g., by acetic acid, by one equivalent of hydrochloric acid or by catalytic hydrogenation.

Introduction

Although the carbobenzoxy method® has been
used successfully for the synthesis of peptides,* the
development of alternate methods for the prepara-
tion of complex polypeptides is desirable. Recently
several such methods have been proposed.’ In this
report we describe the trityl method of peptide
synthesis, which has been discussed independently
of our work? by Hillmann-Ellies, Hillmann and
Jatzkewitz® and by Amiard, Heymes and Velluz.?

N-Tritylamino acids (IT) and a N-trityl dipep-
tide (IV) were prepared by the action of trityl chlo-
ride on the hydrochlorides of esters of the corre-
sponding amino acids and dipeptide in the presence
of pyridine at 100°, followed by the saponification
of the resulting products (I, IIT).# It was found&7
that tritylation proceeds more satisfactorily under
the conditions described in the Experimental sec-
tion; the sulfhydryl group of cysteine is also tri-
tylated under these conditions.

(CeH;);CNHCHRCOOR' (CeH3)sCNHCHRCOOH
I II

(CeH;);CNHCHRCONHCHRCOOR'
III

(CeH;);CNHCHRCONHCHRCOOH
v

Since the (CsH;)sC-N group is hydrolyzed by
acid,® only the alkaline hydrolysis of the ester link-
ages of I and III needs to be considered. Under
mild conditions (Table I) the glycyl derivatives
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hydrolyzed more rapidly than the alanyl deriva-
tives, and the esters of the higher tritylamino
acids hydrolyzed very slowly. Apparently a larger
R group augments the steric hindrance which the
trityl group exerts on the saponification of the es-
ters of tritylamino acids.® This inhibitory effect
was not observed in the case of the N-trityl pep-
tide esters.

TABLE I
HyproLysis OF ESTERS OF TRITYLAMINO AcCIDS AND PEP-
TIDES

The ester (0.005 mole) was hydrolyzed in a mixture of 5
ml. of dioxane and 5 ml. of N methanolic KOH at §0°; in
the case of the cystine derivative 0.0025 mole was used.

Methyl ester Time, min. Hydrolysis, %
N-Tritylglycine 5 63
N-Tritylglycine 10 80
N-Trityl-DL-alanine 10 13
N-Trityl-pDL-alanine 30 23
N-Trityl-L-phenylalanine 30 9
N-Ditrityl-L-cystine di- 30 5
N-Tritylglycylglycine 5 93
N-Tritylglycyl-pL-alanine 5 88
N-Tritylglycyl-L-phenylalanine 5 85

Similarly, tritylglycine'! and trityl peptide esters
readily form hydrazides, while the esters of the
higher tritylamino acids do not.2®

The esters of tritylamino acids are saponified at
high temperatures with excess alkali®’; however,
since hot alkali may cause racemization or at least
partial destruction of the tritylated amino acids,
we developed another method for the preparation
of N-tritylamino acids.

In spite of the known sensitivity of trityl chlo-
ride toward hydrolyzing media and despite a
controversial statement,® it is possible to tritylate
amino acids directly in aqueous solutions.

(C¢H,)5CCl, (C,Hy).NH

H;NCHRCOOH
water, isopropyl alcohol, 20-25°

Most of the trityl chloride that does not react
with the amino acid undergoes hydrolysis, while a
small portion of it reacts with diethylamine to form
trityldiethylamine. If a tertiary base (pyridine or
triethylamine) is used instead of diethylamine, the
yield of tritylamino acid is minute and practically
all of the trityl chloride is hydrolyzed to triphenyl-
carbinol.

The trityl derivatives of the monoamino acids

(10) The steric effect noted in Table I was utilized to prepare N-
trityl-L-glutamic.a-ethyl ester through partial saponification of the
corresponding diester.

(11) It was previously reported that the esters of tritylglycine do
not give a hydrazide; ref. 6.
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are weak acids!? which give crystalline salts with
diethylamine. However, the tritylation of the
amuno group does not fully deprive the amino acids
and peptides or their esters of basic properties;
these trityl derivatives are secondary amines and
in non-aqueous solutions they form hydrochlorides
(V) which undergo complete hydrolysis in cold wa-
ter. When V is heated briefly with alcohol, it
yields trityl ether and the hydrochloride ester of
the respective amino acid quantitatively.

HClI(gas), chloroform
> [(CsHs);:CNH,CHRCOOR'] * C1-

I P —

H;0 or OH, 0°
v

ROH

————— > HCI-H:NCHRCOOR' + (C¢H;);COR
1-2 min., 70°

In order to split off the trityl group, it is not nec-
essary to isolate V; detritylation occurs when the
tritylamino acid or peptide ester is heated briefly
with alcohol containing one equivalent of hydrogen
chloride. Similarly, treatment of tritylamino acids
or peptides with dilute acetic acid*%7 or one equiva-
lent of hydrochloric acid or catalytic hydrogena-
tion also removes the trityl group. The peptide
bond is not attacked by any of these procedures.

H;:NCHRCOOH

H,0, 1 equiv. +
—> (Ce¢H;);COH
HCI or CH;COOH

II — H;NCHRCOOH

+
—> (CsHs) SCH

The ampholytic nature of the tritylamino acids is
also indicated by the fact that they form chloride
hydrochlorides VI, as

PCl;
I > [(CeH:)sCNH,CHRCOCI] " C1-
OH~

Pd, H,

VI

Owing to the work of Helferich,!® the trityl group
has been regarded as a protective group for the
primary hydroxyl groups of carbohydrates. That it
also constitutes an ideal protecting group for amino
acids and peptides is illustrated by the use of N-tri-
tylamino acids for the preparation of peptides.

N-Tritylglycine,?$7 N-trityl-pL-alanine?” and N-
trityl-L-alanine can be coupled with the alkyl or
benzyl esters of amino acids by the method of mixed
anhydrides!; instead of the mixed anhydride of
tritylglycine the chloride hydrochloride can be
used. The resulting N-trityldipeptide esters III
are easily converted to the corresponding hydra-
zides or detritylated to dipeptide esters, The lat-
ter reaction is important because it yields free,
non-acylated di- and polypeptide benzyl esters
which cannot be easily prepared at the present time
by other means.!® On the other hand, the N-trityl-

(12) The pH of a 0.1 M aqueous solution of the sodium salt of tri-
tylglycine is 9.5.

(13) B. Helferich, "’Advances in Carbohydrate Chemistry,” Vol. 3,
ed. by W. W. Pigman and W. L. Wolfrom, Academic Press, Inc., New
York, N. Y., 1048, p. 79.

(14) Th. Wieland and H. Bernhard, An#n., 572, 190 (1951); R, H.
Boissonas, Hely. Chim. Acta, 34, 874 (1951); J. R. Vaughan and R. 1..
Osato, THIS JOURNAL, T3, 553 (1951).

(15) If free dipeptide or polypeptide benzyl esters are coupled
with carbobenzoxy- (or trityl) amino ucids sind peptides, saponifica-
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dipeptide esters can be saponified and then detri-
tylated to yield the free dipeptides.

By the mixed anhydride method we were not
able to couple the higher tritylamino acids (e.g.,
trityl-L-phenylalanine, trityl-L-leucine, trityl-v-as-
paragine) with esters of amino acids. This means
that the steric hindrance previously mentioned
either inhibits the formation of a mixed anhydride
or, more probably, forces the anhydride to form a
carbamate instead of a peptide. Perhaps other
methods of coupling'® would be successful.

As expected, this steric effect was not observed
in the case of trityldi- or polypeptides. Thus, trityl-
glycyl-L-phenylalanine couples easily with glycine
ester by the mixed anhydride procedure yielding
finally the glycyl-L-phenylalanylglycine,

The catalytic hydrogenation of the carbobenzoxy
polypeptides often proceeds at a very slow rate and
their reduction by other methods is frequently
unsatisfactory. On the other hand, the removal
of the trityl group from tritylpolypeptides proceeds
rapidly under mild conditions. We, therefore,
recommend that the carbobenzoxy method be used
for the synthesis of the smaller peptides and that
the trityl method be used for lengthening of the
peptide chain.

Experimental

Prior to analysis, the trityl derivatives were dried at 40° in
high vacuum; other compounds were dried at 78°.

L-Cysteine Methyl Ester Hydrochloride.—A solution of
3.4g.(0.01 mole) of L-cystine dimethyl ester dihydrochloride
in 50 ml. of methanol was hydrogenated in the presence of
1 g. of palladium black; in 4 hours 250 ml. of hydrogen (24°,
756 mm.) was absorbed. The methanol was evaporated in
vacuo and upon the addition of chloroform to the residue the
methyl ester was obtained; yield 3.2 g., m.p. 140° (re-
ported” m.p. 140-141°), [a]®D —2.9° (109, in methanol),
reported [a|®D —2.9° (in methanol).

Esters of Tritylamino Acids and Peptides.—The follow-
ing procedure is typical for the tritylation of amino acid and
peptide esters. Some of these trityl derivatives are listed
in Table II.

To a suspension of 1.25 g. (0.01 mole) of glycine methyl
ester hydrochloride in 15 ml. of dry chloroform was added
2.2 g. (0.022 mole) of triethylamine followed by 2.8 g. (0.01
mole) of triphenylchloromethane; the mixture was allowed
to react for 6 hours at room temperature. The solution was
washed twice with water and dried with sodium sulfate.
The solvent was evaporated in vacuo. Complete removal
of the chloroform was ensured by the addition of a few ml. of
methanol and reconcentration ¢# vacuo. The residue was
recrystallized from methanol.

N-Trityl-L-glutamic-a-ethyl Ester.—The corresponding
oily diester which was prepared from 0.01 mole of L-glu-
tamic diethyl ester as described above was dissolved in 20
ml. of 0.5 & alcoholic potassium hydroxide. The solution
was stored for 30 minutes at room temperature, diluted with
150 ml. of water and extracted with ethyl ether. The
water layer was acidified with acetic acid and cooled. The
precipitate was dissolved in aqueous diethylamine solution
and precipitated with acetic acid; yield 55%, m.p. 65-66°.

Anal. Caled. for CeeHO4N: C, 74.8; H, 6.5; N, 3.3.
Found: C,74.9; H,6.7; N, 3.5.

N-Tritylglycine Hydrazide.—Tritylglycine methyl ester
(1.65 g., 0.005 mole) was dissolved in a mixture of 3 ml. of

tion of the carbobenzoxy (or'trityl) polypeptide esters is unnecessary,
since the benzy! group is split off by hydrogenolysis.

(16) O. Suss, Ann., 572, 96 (1951); S. Goldschmidt and H. I,auten-
schlager, ibid., 680, 68 (1953); S. Goldschmidt and Ch. Jutz, Ber., 86,
116 (1953); G. W. Anderson, J. Blondinger and A. D. Welcher, TH1s
JourNaL, T4, 5309 (1952); R. Schwyzer, M. Feurer and B. Iselin,
Helv. Chim. Acta, 88, 83 (1955); J. C. Sheehan and G. P. Hess, THIs
Jourwat, 76, 1048 (1955).

(17) M. Bergman and G. Nichalis, Her., 68, 987 (1630).
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TasLE I1
Yield, Carbon, % Hydrogen, % Nitrogen, %
Esters of tritylamino acids /3 M.p., °C. Formula Caled. Found Calc Found Calced, Found
N-Tritylglycine methyl 70 106-107 CeHyO:N 79.7 79.5 6.4 6.8 4.2 4.1
N-Tritylglycine ethyl 86 114°
N-Trityl-pDL-alanine methyl 78 101 CpH0sN 80.0 79.8 6.7 6.8 4.05 4.1
N-Trityl-L-alanine methyl® 80 CyuHy»O3N 80.0 79.9 6.7 6.8 4.05 3.8
N-Trityl-L-phenylalanine methyl 60 95 CoHyyO:N 82.6 82.3 6.4 6.6 3.3 3.4
N,N’-Bistrityl-L-cystine dimethyl® 80 146 CusHuOuN:S, 8.5° 8.4° 3.7 3.6
N,S-Ditrityl-L-cysteine methyl® 75 90-92 CeHyuO3 NS 5.2° 5.3° 2.2 2.3
N-Tritylglycylglycine methyl 75 165 CaoHpO3 N, 7.2 7.3
N-Tritylglycylglycine ethyl 75 162¢
s M.p. 114°, ref. 8. ?® Sirup. ¢ For the tritylation of the corresponding ester hydrochloride (0.01 mole) were added

0.044 mole of triethylamine and 0.02 mole of trityl chloride.

The product was recrystallized by slow evaporation of a solu-

tion in ether-methanol (1:4). ¢ M.p. 161°, ref. 8. ¢ Sulfur.
TasLE III
Carbon, % Hydrogen, % Nm'ogen %
Tritylamino acids Yield, % M.p., °C. Formula Calced. Found Caled. Found aled. Found
N-Tritylglycine 92,2 47 178-179° CaH ;0N 317t 321%*
N-Trityl-pL-alanine 85,2 46° 170/ CpHy0:N 331% 335%%
N-Trityl-L-alanine 85,2 46 200-205d.f  CuHyO,N 331% 335% 4.2 4,2
N-Trityl-L-asparagine® 43 173-174° CaaHO03N; 73.8 73.6 59 59 7.5 7.5
N-Trityl-L-leucine 3577 160-165 d.f  CaHnO:N 63.4 63.2 5.7 5.9 3.75 3.6
N-Trityl-L-phenylalanine 35>/ 185188 d?  CyuHyO:N 82.5 8.5 6.2 6.3 3.4 3.6
¢ By procedure A. ? By procedure B; about one-fifth of the original amino acid was recovered unchanged. ¢ M.p. 168°

(dec. 180°) ref. 8; m.p. 179—~180°, ref. 7.

cator.

substance begins to soften at 80-90°.
acetate.
added at the end of the tritylation.

moved from the filtrate by warming at 25-30° in vacuo for a few minutes.

dioxane and 3 ml. of methanol. Hydrazine (1 ml.) was
added and the solution stored for 2 days at room tempera-
ture. The reaction mixture was heated at 60° for ten min-
utes. The hydrazide, which precipitated upon the addition
of water, was recrystallized from alcohol; yield 1.3 g. (78%,),

m.p. 164-165°.
Anal. Caled. for CyHyON;: N, 12.7. Found: N, 12.5.

N-Tritylglycine Ethyl Ester Hydrochloride.—To 3.45 g.
(0.01 mole) of N-tritylglycine ethyl ester dissolved in a few
ml. of dry chloroform was added anhydrous ethyl ether sat-
urated with dry hydrogen chlorlde The salt precipitated
at once; it was redissolved in chloroform and precipitated
with anhydrous ethyl ether; yield 3 g. (78%), m.p. 95-96°.

Anal. Calcd. for C;3HyO,NCI: N, 3.6; CI, 9.3, Found:
N, 3.3; CI, 9.4.

The above salt is hydrolyzed rapidly and almost quanti-
tatively either with cold water (1-2°) or with a dilute solu-
tion of sodium bicarbonate to give tritylglycine ethyl ester,
m.p. 114°. The hydrochloride salts of the other trityl-
amino acid esters were prepared in the same way or by bub-
bling dry hydrogen chloride through the ether solution of the
ester. Some of these salts were obtained as oils.

Detritylation of Tritylamino Acid and Peptide Esters.—
The following is a general procedure for the detritylation of
amino acid and peptide esters.

A solution of 1.72 g. (0.005 mole) of tritylglycine ethyl
ester in 5 ml. of 1 N HCl in absolute ethanol (or 1.9 g. of tri-
tylglycine ethyl ester hydrochloride in 5 ml. of absolute
ethanol) was heated for 1-2 minutes in a water-bath.
Evaporation of the ethanol in vacuo and trituration of the
residue with ether resulted in crystallization of the glycine
ethyl ester hydrochloride; yield 0.7 g. (95%), m.p. 144°;
admixture with an authentic sample gave no depression of
the melting point.

Trityl ethyl ether was obtained from the ether filtrate;
yield 1.32 g. (919%,), m.p. 80-82°.

Anal. Calcd. for CyHO: C, 87.4; H, 7.0.
C,87.15; H, 7.1.

N-Tritylamino Acids.—The tritylamino acids were pre-
pared by saponification of the corresponding esters or by
tritylation of the corresponding amino acids. The following
procedures are typical; the tritylamino acids thus prepared
are listed in Table I1I.

Found:

¢ Prior to the acidification, the solution was kept at room temperature for 24 hours.
recrystallization from alcohol-water and adding one drop of acetic acid in order to avoid formation of emulsion.
A [a]®D —6.1° (¢ 3.5% in methanol).
7 Since the diethylammonium salt of this acid is sparingly soluble in water, instead of water dilute alkali was
The precipitated carbinol was filtered; prior to acidification, the diethylamine was re-

4 By titration with 0.1 N potassium hydroxide with thymolphthalein as the indi-

/ M.p. 170°, ref. 7. 9 After
The

¢ After recrystallization from alcohol or ethyl

¥ Neutralization equivalent.

A —Tritylglycine ethyl ester (3.45 g., 0.01 mole) was dis-
solved on warming in 11 ml. (109 excess) of N alcoholic
potassium hydroxide and 6 ml. of alcohol, After the solu-
tion had stood at room temperature for one hour, it was di-
luted to 3 times its volume with water, cooled and then
acidified with acetic acid. The precipitated tritylglycine
was washed several times with water and recrystallized from
alcohol.

B.—To a solution of glycine (0.75 g., 0.01 mole) in a mix-
ture of 4 ml. of water, 3 ml. (0.03 mole) of diethylamine and
8 ml. of isopropyl alcohol was added trityl chloride (3.6 g.,
0.013 mole) with continuous shaking; the addition was ac-
complished in twelve portions within one hour at room tem-
perature. When the reaction was complete, 25 ml. of water
was added®®; the mixture of triphenylcarbinol and trityldi-
ethylamine which precipitated was washed thoroughly with
water. Acidification of the combined filtrate with acetic
acid brought about the precipitation of N-tritylglycine

TABLE IV
Diethylammonium Yleld M.p., Nitrogen, %
salts® of N-trityl- °C. Formula Caled. Found
Glycme 98 132 Cst;oOzNg 7.2 7.1
L-Alanine 98 151-152 CeH30:N, 6.9 7.1
L-Alanine’ 95 157  CuHaO:N: 6.9 7.15
L-Asparagine 95 150-151 CyxH;uO3N; 9.4 9.3
L-Leucine® 94 154-155 ngH;aOzNz 6.3 6.2
L-Phenylalanined 95 150-151 C3HgON: 5.8° 5.9°
¢ Recrystallized from acetone. ° [a]2?D —18.9° (¢4.4% in
methanol). ¢ [a]*D +2.8° (¢ 10%, in methanol). ¢ [a]%%D

+12.3° (¢ 5% in methanol). This compound can be
obtained more readily as follows: at the end of the trityla-
tion of L-phenylalanine by procedure B, chloroform was
added; the chloroform layer was washed w1th water, dried
over sodium sulfate and distilled to dryness in vacuo.
Ether was added to the residue; upon standing in the icebox
the diethylammonium salt precxpltated yield 38%, m.p.
150-151°, [«]?*p +12.2° (in me anol) ¢ Caled.: C,
79.9; H, 7.55. Found: C, 80.1; H, 7.5.

(18) Instead of isopropyl aleohol, tetrahydrofuran may be used: in
this case, the tetrahydrofuran was removed by warming at 30° si»
vacuo for a few minutes before the water was added,
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] TaABLE V
Y%d, LgC Formula Ca%;dr.bonf“(z‘;’nd Cilrg,;mge;{)ﬁd CaI;Ic‘él.—oge;;)Z‘;d
N-Tritylglycylglycine ethyl ester 72 162°
N-Tritylglycylglycine benzyl ester 70 153 CioHss03N, 77.6 77.5 6.1 6.3 6.0 5.95
Glycylglycine benzy! ester hydro-
chloride 95 160 CnH,;50;N,Cl 13.7" 13.55™ 10.8 10.75
N-Tritylglycylglycine 96 18¢° CoHO;N, 374 377
Glycylglycine 94 215d. C.HiO;N 18.7 18.6
N-Tritylglycyl-pr-alanine methyl
ester 72 135 CasHz603 N2 7.0 6.9
N-Tritylglycyl-L-phenylalanine
methyl ester? 67
N-Tritylglycyl-L-phenylalanine®’ 90 CsoHas03 Ny 464" 468" 6.0 5.9
Glycyl-L-phenylalanine? 95 CnH1,0; 126 12.4
N, N’-Bistritylglycyl-L-cystyl
dihydrazide 58 138-140 CHi00,NsS, 7.4° 7.3 12.9 12.7
N-Trityl-L-alanylglycine ethiyl ester® 65 155-165 CosHosO3 N, 75.0 75.1 6.8 7.0 6.7 6.6
N.Trityl-L-alanylglycine® 87 C2HzO5N, 7.2 7.05
L-Alanylglyéine’ 95 CiH 005N, 19.2 19.3
N-Tritylglycyl-L-phenylalany!-
glycine ethyl ester? 65
N-Tritylglycyl-L-phenylalany!-
glycine®* ‘ 90 CuHaO:N; 521" 525" 8.05 7.9
Glycyl-L-phenylalanylglycine’ 95 C1sH1i;O4N; 55.9 55.6 6.1 6.1 15.0 14.9
NHs-N, 5.0 5.4

s M.p. 163-164°, ref. 7; m.p. 161°, ref. 8.
thymolphthalein as the indicator. ¢ Sirup.
with acetic acid after cooling.

b M.p. 180°, ref. 8.
¢ Purified by dissolving in dilute aqueous diethylainine solution and acidifying
/ The substance softened at 80-90° and decomposed at 210-215°,
water), [a|p 42.0° (water); E. Fischer and W. Schoeller, Ann., 357, 1 (1907).

¢ By titration with 0.1 N potassium hydroxide with

? [a]2p 42.7° (¢ 29,
b The same yield of peptide derivative

was obtained, when instead of trityl-L-alanine its diethylammonium salt was used as the starting material; in this case,
0.04 mole of triethylamine and 0.02 mole of ethy! chloroformate were added for the preparation of the mixed anhydride.

‘ The substance softened at 115-120° and decomposed over 180°.

E. Fischer, Ber., 38, 2914 (1905); 4!, 850 (1908).
30.9° (¢ 5.6%, 0.2 N HCl). ™ Chloride.

whicli was recrystallized from ethanol. Glycine (0.15 g.)
was recovered from the acetic acid filtrate by evaporation
followed by addition of ethanol.

Since some tritylamnino acids do not have a characteristic
melting point, the diethylammonium salts, which have
better physical properties, were prepared by the addition
of diethylainine to the cther or acetone solutions of the pure
or crude tritvlamino acids; these salts are listed in Table IV.

N-Tritylglycyl Chloride Hydrochloride.—To a suspension
of 3.2 g. (0.01 mole) of tritylglycine in 25 ml. of dry chloro-
form, precooled to 0°, was added 2.1 g. (0.01 mole) of phos-
phorus pentacliloride. After 1-2 minutes stirring the re-
agents dissolved and the chloride began to precipitate; the
precipitation was completed by the addition of 60 ml. of
cold dry petroleun ether.  The chloride hydrochloride was
collected, washed with petrolcum ether and dried in a
vacuum desiccator over phospliorus pentoxide; yield 2.9 g.
(80%), m.p. 114-115°.

Anal. Caled. for CuHjyONClo:
Tound: N, 3.65; CI, 18.85.

To above chloride (0.37 g., 0.001 mole) was added 4 ml.
of absolute cthanol, preccoled to 0°. Triethylamine (0.3
inl.) was then added and the solution allowed to stand for 30
niintites at room temperature. Addition of water brought
about the precipitation of tritylglycine ethyl ester; yield
0.24 g. (699%), 1n.p. 114°,

N-Trityl-L-phenylalanyl Chloride Hydrochloride.—This
was prepared from trityl-L-phenylalanine® as described
above; thie cliloroform solution was distilled to dryness in
vacuo at 20-25° and then ether was added; vield 809,
dec. 190°.

Anal. Caled. for CiHaONClg:
Found: N, 2.8; Cl, 15.05.

Detritylation of Tritylamino Acids and Tritylpeptides.—
The following procedures given for tritylglycine were used
far the detrityvlation of other tritylamino acids and peptides.

N, 3.75; Cl, 19.05,

N, 3.0; Cl, 15.3.

{10} Priar ta nsc the trityl compound was dried at 40° in high vac-
it thic last truces of water were removed by dissolving the suh-
stance in anfiydrens benzene and distilling ta dryness i 2acao

% The substance softened at 90° and decomposed at 205-210°.
® Neutralization equivalent.

" [a]®D 51.3° (¢ 2.5%;, water), [alp 50.2° (water);
! [ ¥p
¢ Sulfur.

A —When tritylglyveine (1.6 g., 0.005 mole), suspended
in 5 ml. of 50% acetic acid was licated for 1-2 minutes?
on a steam-bath, it dissolved aund triphenylcarbinol was
precipitated. Water was added and the carbinol filtered;
vield 1.2 g. (959%), m.p. 161-162°. The filtrate was cvap-
orated to dryness ¢n vacwo. When ethanol was added to the
residue, glycine crystallized; yield 0.35 g. (939).

Anal. Caled, for C:H;OsN: N, 18.6. Found: N, 18.5.

If acetone instead of water was added at the end of the re-
action, tlhie glycine precipitated at once; the yield was the
same.

B.—To a suspension of 1.0 g. of tritylglycine in 5 mil. of
acetone {or alcohol) was added 0.5 ml. of aqueous 10 & HCI.
The compound went into solution immediately presum-
ably due to the forination of tiiec hydrochloride. The solu-
tion was boiled for one minute?! and the precipitation of the
glycine hydrochloride completed by the addition of ether;
0.3 g. (809, of glycine was obtazined from the hydrochloride.
Triphenylcarbinol was obtained from the ether filtrate; yield
1.2 g. (929%,), m.p. 161-162°. When alcohol was used as
the solvent for the tritylglvcine, trityl ether was forined as
well as the carbinol and glyeine hivdroclhiloride.

C.—Tritylglycine (1.6 g.) dissolved in 50 ml. of ethanol,
was livdrogenated in the presence of palludium black; 130
ml. of hydrogen (25°, 757 mun.) was absorbed in 4-5 lours.
The catalyst was filtered and washed witlhh water. The
precipitated triphenylmethane was then filtered and washed
with water; yield 929%, m.p. 92°; the mixed m.p. (authen-
tic sample??) showed no depression.

Syntheses of Peptides.—Tritylgiycine, tritvl-r-alanine®
and tritylglycyl-L-phenylalanine!® were coupled with esters
of amino acids by the inixed anhydride method. The result-
ing trityl peptide esters were converted to hydrazides, de-

(20) Detritylation also occurs within 2 licairs at rocn temperature

(21) Detritylation alsa takes place within a few snisintes at roamn
temperature.

(22) Prepared according to Organic Svutheses,” Colll Vedo I,
cd. H. Gitinan, Jalin Wilev wud Sans, Ine, New Vork, N Y., 1017, 11
S548.
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tritylated to peptide esters, or first saponified and then detri-
tylated to give the free peptides. Examples of these pro-
cedures are given below; the peptides and intermediates
prepared are listed in Table V.

A solution containing 3.2 g. (0.01 mole) of tritylglycine,
30 ml. of dry chloroform and 2 g, (0.02 mole) of dry triethyl-
amine was cooled to 0°, and 1.08 g. (0.01 mole) of ethyl
chloroformate was added. After 15 minutes 2.0 g. (0.01
mole) of glycine benzyl ester hydrochloride dissolved in 15
ml. of chloroform with 1 g, (0.01 mole) of triethylamine was
added. Coupling proceeded with the evolution of CO,.
The solution was kept at room temperature for 30 minutes
and then washed successively with dilute acetic acid, twice
with dilute aqueous diethylamine solution and with water.
It was dried with sodium sulfate and evaporated to dryness
in vacuo. To the residue ethanol was added and the mix-
ture distilled in vacuo, yielding tritylglycylglycine benzyl
ester.?® This ester was (a) detritylated with alcoliolic hy-
drogen chloride, as described previously, to give glycylgly-
cine benzyl ester hydrochloride; or (b) saponified with al-

(23) 1t was obtained in the same yield when tritylglycy! chloride-
hydrochloride (0.01 mole) was added to a chloroform solution contain-
ing at least 0.03 mole of amino acid ester.
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coholic potassium hydroxide. After 30 minutes, 80 ml. of
water was added and the solution acidified with acetic acid.
The precipitated tritylglycylglycine was recrystallized from
alcohol, It was detritylated with acetic acid or by catalytic
hydrogenation to yield glycylglycine,

N,N-Bistritylglycyl-L-cystine dimethyl ester?3.24 (sirup),
dissolved in 50 ml. of methanol and 4 ml. of hydrazine hy-
drate, was stored in the ice-box for 48 hours. The pre-
cipitated dihydrazide was recrystallized from methanol.

N-Trityldiethylamine.—To a solution containing 2.8 g.
(0.01 mole) of trityl chloride in 20 ml. of chloroform, was
added 4 ml. of diethylamine. After one hour the solution
was washed twice with water and dried with sodium sulfate.
The crystalline residue, which was obtained after distilla-
tion of the solvent iz vacuo, was recrystallized from petro-
leum ether; yield 2.2 g. (709,) needles, m.p. 107°.

Anal. Caled. for CyHosN: C, 87.6; H, 8.0; N, 4.4.
Found: C, 87.4; H, 8.3; N, 4.3.

(24) Tbis ester was prepared by coupling tritylglycine with 1.7 g.
(0.005 mole) of 1.-cystine dimethyl! ester hydrochlaride dissolved in 15
ml. of chloroform with 1 g. of triethyluine as desceibed above.
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This paper describes the purification of p-amino acid oxidase by application of the principle of heat stabilization of eu-

zyme by a competitive inhibitor.

is destroyed under these same conditions.
is accomplished in two steps.

The stabilizing influence of substrates, coen-
zymes and inhibitors upon enzymes is well known.
Advantage has been taken of this effect in the dif-
ferential heat denaturation of contaminating pro-
teins during the course of enzyme purification.?

In the research reported here, m-toluic acid, a
competitive inhibitor of p-amino acid oxidase? has
been found to stabilize the enzymie to the effect
of temperature to a very marked degrce (Table I).

TaBLE [

ErrEcT of TIME oF HEATING, TEMPERATURE AND pH or
HEATING ON THE STABILITY OF D-AMINO AcID OXIDASE IN
THE PRESENCE OF 0.0178 A AMMONIUM TOLUATE

Specific
activity,
ul. 02/10
Time, min,/mg. Yield,
Temp., °C. min, ?H protein o
45-50 5 5.1 134
556-60 5 5.1 188
67-70 5 5.1 177 .
57 10 5.1 930 79
57 15 5.1 1000 77
57 20 5.1 850 41
a7 15 4.6 4
57 15 5.0 .. 42
57 15 5.1 1250 50
57 15 5.15 1500 70
57 15 5.2 1390 67
57 15 5.6 63
57 15 7.5 6

(1) Monsanto Fellow, 1953—1954.

(2) (a) K. Burton, Biochem. J., 48, 458 (1951);
and E. B, Kearney, Arch. Biochom., 29, 190 (1950).

(3) G. R. Bartlett, Tu1s JourNaAtr, 70, 1010 (1918).

(by T. P. Singer

D-Amino acid oxidase is exceptionally stable to temperatures of 57° for 15 ininutes in the
presence of the ammonium salt of m-toluic acid (0.0178 Af) at pH 5.2.
By the use of this technique a one hundred-fold enrichment, with a 679, yield,
The product is pure as judged by several tests of homogeneity.

In the absence of inhibitor 819 of the enzyme

We ascribe this stabilizing effect to the binding of
the functional groups of the enzyme by the inhibi-
tor in a manner similar to, but more pronounced
than, the binding of normal substrates, This belief
is strengthened by a comparison of the Michaelis
constants of the enzyme-inhibitor and enzyme—sub-
strate coniplexes (Table II), Further, we have
found that weaker competitive inhibitors are less
effective in protecting the enzymne to hecat dena-
turation (Table II),

TaBLE II

ProTECTION TO HEAT DENATURATION OFFERED BY VARIOUS

COMPETITIVE INIIIBITORS
% ol original
activity after

heating and
removal of
Inhibitor Ki/Km® inhibitor
m-Aminobeizoic acid 29 X 1072 66
Benzoic acid 3.47 X 102 68
m-Toluic acid 1.15 X 1072 73
None L. 19

o Bartlett® reported the effectiveness of various substi-
tuted benzoic acids as inhibitors of p-amino acid oxidase as
mmolar concentrations giving 509, inhibition. Using the
value of K = 6.1 X 1073 for alanine obtained by Heller-
man,* and substituting the inhibitor and substrate concen-
trations used by Bartlett in the equation V/V, = 1 + Kun/
Ki (I/Km + S) we have calculated the K; values used
above. Terms are defined as: V = velocity of uninhibited
reaction (ul. O/10 min. mg. protein); Vi = velocity of
inhibited reaction (ul. 0;/10 min./mg. protcin); K, =
Michaelis constant; A = inhibitor constant; § = councen-
tration of substrate in inoles; I = concentration of inhibitor
in moles.

(4) L. Hellerman, A, Lindsay and M. R, Bovarnick, J. Biol. Chem.,
163, 553 (1946).



