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WITH PARTICULAR REFERENCE TO PEPTIDE SYNTHESIS
Elmer E. Schallenberg and M. Galv1n

Depﬂrtment of Chemistry and Rad ation Iaboratory
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#*  The work described in this paper was sponsored by-the U. S. Atomic
Energy Commission.

ABSTRACT

Recent developments in fluorine and sglfur chemistry have led us to
investigate the use of ethyl thioltrifluoroacetate as an-écé;yiating agent
for amino acids and peptides in aqueous solution. The ;ntense ele&tro=
philic property of the triflucroacyl group is combined with the unusual
aminophilicity of the sulfur atem in this thiol ester. The hydrolytic
stability of the ester is in'sharp contrast to the highly reactive triflucro-
acetic anhydride which has been used to prepare several N-trifluorcacetyl-
aﬁing acids and simple pephide derivativesol These acyl-amino acids are
stable in acidic media, but the ease with which the trlfluoroacy1=am1ne
bond undergoes hydrolysis at a pH greater than 10 distinguishes this pro-
Yegtlve group fram others used in peptlde_chemlstry°

| EthylAth:‘i.oltrifluoroacetate2 acetylates the amino acid anion in aqueous

(1) % We%gand and co-workers, Angew. Chem., 64, 136 (1952), Ber., 87, 248
1954

(2) H. Hauptschein, et al., J. Am. Chem. Soc., 74, 4005 (1952).
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solution in good yield, giving crystalline products which are easily puri-
fied. The applicability to‘peptide synthesis was demonstrated by the prepara-
tion of NutrifluoroacetylglycylnD,Ipphenylalanine.. Synthesis of the dipeptide
was effected 50% aqueous tetrahydrofuran at roam temperature by treatment
of D,I~phenyl§lanyl anion with N=trifluoroacetyl-glycine thiophenyl ester.
The application of phenyl thiol esters of acyl-amino acids to peptide chemis-
try has been described by T. Wieland and co—workers.3

The oﬁtiéalvintegrity was verified by studying the properties of N-
tyifluoroacetyl—lrphenylalanine. Hydrolytic cleévage of the trifluorocacyl-
nitrogen bond yielded the optically active amino acid of unchanged rotation.
Cogversion of the acyl-amino acid to the anilide, followed by mild hydrolysis
led to the igplation of I~phenylalanylanilide.

These observations indicate that thiolvesters of N=trifluoroacetylamino
acids may find application in the controlled formation of the peptide bond

in aqueous media.

(3) T. Wieland and co-workers, Ann. 573, 99 (1951) and subsequent papers.
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WITH PARTICULAR REFERENCE TO PEPTIDE SYNTHESIS
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Department of Chémistry'aﬁd Rédiétion'laboratory*
University of California, Berkeley 4, California .

* The work desar:.bed in this paper was’ sponsored by the U. S. Atomie
Energy Commission. :

 The réther unusual acetylating properties of free thiol acids were
first described by Pawlewski,l. and .recently the thiol analogs of N-acyl '
amino acids were reported to be aétive acetylating agenjbs for amines and
amino acid defivatives under mild conditions ,2

~Various esters . of thiol acids have attained a -che_mical significance
in recent jrea-:fs because of the e_lﬁcida;bion of the stmcture of Coenzyme" A.3
It was found by F. Lipmann, 'and\others, that the coenzyme, which is an
ir;xpgrtant participant in metabolic reactions, is an N-acyl derivative of
mércaptoethylamins . Acylation of the thiol group in the coenzyme yields
Acetyl Coenzyme A, which in the 'appropriate' environment, rapidly transfers

its acyl group to other substrates.

(1)  B. Pawlewski, Ber., 31, 661 (1898); 34, 657 (1901); 35, 110 (1902).
’ See also H. L. Wheeler, J. am. Chem. Soc., 23, 444 (1901).

(2) M. W. Cronyn and J. Jiu, J. Am. Chem. Soc., Tk, 4'726 (1952), J.C.
Sheehan and D. A. Johnson, ibid., 74, 4726 (1952).

(3) Chemistry and Functions of Coenzyme A, Symposium, Fed. Proc., 12,
673 {1953), particularly, F. Iipmann, G. D. Novelli and F. ILymen.
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It seemed reasonable, therefore,to investigate the trans-acetylating
properties of ethyl thioltrifluoréacetate.é The intense electxéphilic
property of the trifluoroacyl group is comﬁined with the unusual animo-
philicity of the sulfur atom in this thiol ester; and acetyl transfer from
the ethyl mercaptide radical to an amino nitiogen atom would be analogous
to the ammonolysis-aminolysis reaction of esters. _The‘ester isiof very
low water solubility; it is stable in water and dilute acids, bnt;slowly
hydrolyzea by hot dilute aqueous alkali. The transacetylating propeities
of the thiocl ester were demonstrated by the isolatioﬁ of N=trifluoroacetyl-
amino acids from aqueous solutions of.the amino acid anions in which satura=
tion of the aqueous phase with respect to‘the_thiol ester was maintained.

We have found that the N-trifluoroacetyl derivatives of racemic and
optically active amino acids can be prepared in good yields by this method.
The compounds are stable, easily crystallizable products and, in general,
are précipitated by acidification of the aqueous reaction mixture. Also,
fhevextreme volatility of ethyl mercaptan obviates any tedious purification
scheme. However, the volatility of the mercaptan does require the use of
a well-ventilated hood. This acetylation is effected ﬁndér very mild con-
ditions in aqueous solutionj and hydrolytic cleavage of the protective
group also can be effected under conditions mild enough $o that the fragile
peptide linkage ié not ruptured, i.e., ammonical solution or dilute aqueous
alkali, pl 11-12. Therefors, the.applicability to peptide chemistry be-

comes manifest.

(4) M. Hauptschein, C. S. Stokes, and E. A. Nodiff, J. Am. Chem. Soc.,
Zhy 4005 (1952).
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The preparation.and séme propertiés.of Nmtriflugroééétyl amino acids
have been reported by F,.Wbygand and comworkerso5 Acetylation was effected
on treatment of the amino acid with the highly reactive trifludroacetic an=
hydride. These experimenters found that a racemic product as obtained from
aﬂ éptically active amino acid in the presence of excess anhydride. Also
mixed anhydrides were formed when the amino acids were treated with a molar
excess of trifluorocacetic anhydride. Thése unsymmetrical anhydrides, though
not isolated, were effective in the acetylation of arcmatic amines and amino
acid esters. The symmetfical anhydride ofvthe acyl amino acid could be
isolated by treating the reaction mixture, containing the miied aﬁhjdride;
-with triethyl amine. , .

We wish to report the preparation of a number of N-triflucroacetyl
amino acids which have not been characterized thus far, describe the
preparation of a simple dipeptide, and presant4eyidence for the optical
inﬁegrity of these compounds during chemical manipulations. . Some proper—
ﬁies of these new acyl amino a¢ids are tabuiated'(Table I). Preliminary °
eviaence that the trifluoroaceétyl giroup in the compounds called NﬁLtrif ,
fluoroacetyl-D, I~lysine and NAntrifluoroacetylpD,Ipornithine is on the
téfminal amino ﬁitrogen, and not'ﬁhe'd?amino group, ﬁés'bbtained from a
study of the visible absorption spectra of aqueous SOIuﬁions of,the acyl
amino acids in the presence of cupric ion, (Table II). The spectrum in
acidic media of NwtrifluoroacefylpD,Iebrhithiné possess an absorption band

of wave length and molar extinction characteristic of the cupric chelates

(5) F. Weygand and E. Scendes, Angew. Chem., 6, 136 (1952); F. Weygand
and E. Ieieing, Ber., 87, "248 (1954).
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Table I, Section A

UCRL~2632

pet. ether (4:33)

NJTrlfluoroacetyl Solvent for
-Derdvative of Yield Reeryst. m.p., C. Formula
j~Amincbenzoic acid @) 92.3  ethanol 274° (sublinm,) CgH,F3NO
‘ : ' water (5:3)
L{+) Arginine dihydrate 62.9  water 140-142 CgHy 5F31, 05 *2H 0
D, I-Aspartic acid 45.6  methanol 163.8-165.2
: , | ether (1:1) '
Glycine(b) 54 .8 benzene llAmlléosi‘; GAH4F3N03
D,L-Iysine (N€) 70.0 - water 226-231(dec.) CglyaF3N05
. ethanol (2: 3) : .
D,L-Methionine 70.2  benzens 94y .2=96 .5 c NO,S
o : pet ether (2:1) . - v7HIO{3w53¢
DgIrNerleucine 48 .4 benzene 79.0-82.5 08H12F3Nq3
D, L-Ornithine (N%) 53.5  water 228-232(dec.) C7H11F3N03
PRERT ethanol (1:1) R
D, I-Phenylalanine 80.,  benzene 125.6-126.8 011H10F3N03
: . hexane (1:1) :
L(-) Phenylalanine 76.2  benzene 119 .4-120.6 GyqHy oF N0,
. hexane (1:1) : o 1_:
D, I~Tryosine ethyl ester'® 99 ethylacetate  172.6-174 Cy4Hy ,F5N0,
: pet. ether
| L(=) Tryptophan hydrate  48.,  water sinter 95 Gy oHy-FoN,0, -H,0
i yé 7Lt 165164 131132372
D,L-Valine 6,.6  benzene 117.6-120.6 Gy gF,NO,
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Table I,' Section B

L Carbon Hydrogeh Nitrogen
N-Trifluorocacetyl : : . —— \ it

Derivative of Calecd. Found Calcd. Found Caled. Found
4~Amincbenzoic acid(a? 4636 4641 2,59 2,66 . 6.01  6.09
L(+) Arginine dihydrate  31.37 3154  5.60  5.88 1830  18.41
D,I-Aspartic acid
Glycine (®) - 28.08 28.59_. 2.36 2.31 8.19  8.23
D,I-Iysine (N®) 139.67  39.39 . 5.1 5.5, - 11.57 11.35
D, I-Methionine  T39.28  34.85 411 3.8 571 578"
D,I-Norleucine 42.29 42.59 ' 5.33 531  6.17 5.86
D,L-Ornithine (N%) T 368, 36,84, 0 4.86'7  4.96° 12.27 1248
D,I-Phenylalanine 50.58  50.52°  3.86  4.15 5.3  5.18

L(-) Fhenylalanine 'f;50.58 50.69- 3.86  4.09 - 5.36 . 5.22
D, I~Tryosine ethyl ester ®) 51,15 5118 4.62 485 L5 448
L(-) Tryptophan. hydrate  49.06  49.41 :"4.12 3.93  8.80  9.18

D,I-Valine | 3944 3969 4T3 483 6.57T 6.9

(a) Reported for N-Trifluorcacetyl-A-Anincbenzoic acid, m.p. 285°, (Ref. 5).
(b) - Reported for N-Trifluoroacetyl glye¢ine, m.p. 120-1219," (Ref. 5).
(¢) Reported for N-Triflucrocacetyl-D,Ll-Eyrosine ethyl ester, m.p. 175-176°, (Ref. 8).
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Table II

Vis:Lble Abgsorption SE of' the Cuglc Ghelates of Several Amino A

UCRI~2632

cids

3

Compound. - : pH N max - Emax
a-D, I=Aminobutyric acid 3.20 745 mi 23.6
L 46 672 37.2
7 .72 620 51.0
" 9.42 615 60 .4
€-Aminocaproic acid V 4.70 > 790 -
' 5.96 »790 -
D, L~6rnithine hydrochloride 3.02 755 20.8
_ 3.72 715 29.8
4 .88 . ‘640 43 4
9.22 630 60.4
NAZrifluorocacetyl-D, [~OGrnithine 3.06 750 23.6
3.78 - 690 33.6
Trifluorcacetyl glyc‘ine 2.45 >'790 -
5.65 >790 -

11. 5 (hydrolys1s) 635

* Ihitial concentrationss amino a01d, 0.02 M, cupric ion, O .005 M

pll measurements made with the Beckman glass electrode; 6 N sodium

~hydroxide used in tlﬁratlons
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of g-amino acids. Additional evidence was obtained through semi-quantitaf
tive studies on the hydrolytic rates of sevefal Nwtﬁx;ifluor‘caadetyl ‘amino acid
derivatives in 50%'aqueous'§thénbl, "(Table III). - -
The applicability of thiol ester derivatives of the trifluoroacyl-
amino acids to peptide chemistry was indicated by the syntiesis of N-tri-
fluoroacetylglycyl-D, I~-phenylalanine via the thiolphenyl ester method develop-
ed by Th. Wieland in Germany and R. Schwyzer in Switzeérland .7' The ace‘fyla«
tion of the dipeptide anion could also be effected by the use of ethyl thiol

triflucroacetate. The reaction scheme is outlined below. ~

0o 0o . | 0 0 |
le [ 18®L - - | |
CF,~C=~NCH_COH ————3 CF _=C-N~CH,C=S=C H, -
T2 2)CgHSH 2 276 s o
‘ S NH,
Cgl;CH,=CHC00D
0 0
[ SO
CF ;~C-N=CH_~C~N~CH-CH_C H
3 2 | 276 5
Co0®@
0.
I
Et-S=CCF
0 3
E

H,NCH,~ =N=CHCH206H5
Co0 &

(6)  H. Borsook and K. V. Thimann, J. Biol. Chem., 98, 671 (1932); I. M.
Klotzy I. L. Falles and J. M. Urquhart, J. Phys. and Colloid Chem., 54,
18 (1950). \

(7)  Th. Wieland, W. Sch#fer, and E. Bokelmann, Ann. 573, 99 (1951); Th.
Wieland and W. SchBfer, ibid., 576, 104 (1952); Th. Wieland and H,
Bernhard, ibid., 582, 218 (1953); R. Schwyzer, Helv. Chim. Acta, 36,
ééé): &ggz% s 37, 647 (1954); R. Schwyzer and Ch. H¥rlimann, ibid., 37,
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Table IIT

Hydrolytic Experiments in 50% Aqueous Ethanol at pi 12.0-12.1

Compound  Hydrolysis % Ti ine

Trifluorcacetylglycine 100 116
. 50 42
35 29

10 8
Trifluorocacetyl-D, L-Iysine 35 34
- o 10 8
Triflucroacetyl-D o - orleucine 10 40

¥ A typical run was made as follow5° A 501utlon of L2 2 ng.
(2.47 mmoles) N-trifluorocacetylglycine in 10.0 ml. 50% .
aqueous ethanol was titrated to pH 12.0 by the addition of"
=1.00 N sodium hydraxide from a-buret.: pH measurements were - -
made against a Beckman Type "E' glass electrode, and the pH
of the solution was maintained at 12.0 £ 0.1 by the addition
of alkali. The percent hydrolysis was de'bezmned f’rom a plot_
‘of base consumed versus time. -
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The retention of optical asmmetry was demonstrated by several
hydrolytic experiments on derivatives of L-phenylalanine and the isolation

of L-phenylanilide (V) whose properties agreed with those reported sarlier.o

i lI Eb—S—éCFB ll 8001,
H_~CH,~G*H-COH H_CH,_G*H~COH - H,CH,=C “HeC
Clt,=CHo=G co\ — c6502<.: co Tcésczc c=C1
| NH, 2 .' NH~CCF 27 NH=CCF,'
| CpH D11 .
0
I II
o - o o
. = Hy0 SN .
Celt SCHZCI) H—C-—NC6H &——— 06H5CH cI: -G N-CeHy
o, pH D11 NH-CCF
0
v v

Hence we have ekperimentally verified the op'bicai stability of a -
trifluoroacetyl amino acid and, further, have de‘monstraf.ea the aéplicability
of the trifluoroacyl protecting group in peptide chemistry. |

| Experim ental”
N-Trifluorocacetyl ‘Degiv_gtiveg s
| Essentially the same ’prbcedﬁre_ was'uséd in the’ preparatioh"..of".‘:'bhe

derivatives whose properties are described in Table I.- Modifications in

(8) J. C. Sheehan, D. W, Chapman, and R. W. Roth, J. Am. Chem. Soc., Z4,
o 3822 (1952). _

Melting points are: uncorrected, microanalyses were performed by the
M:.crochemical Iaboratory, Unlversi’by of Californla .
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the procedure are indicated below for the particular amino acids.

v General Procedure. — The amino acid was dissolved in 1eOO'equiva~ |
lents of 1 N sodium hydroxide in a flask possessing a ground glass_joint and
stopper fitted with a stopcock cpen to the atmosphere. Ethyl mercaﬁtan, the
by=-product of the acetylation, was allowed to escape from the system; the
reaction; were run in a wellmventilated hood. Ethyl thioltriflucroacetate
was added (dezo ml./mmole amino acid, i,e.,'i,égl molar-ratio), and the
heterogeneous reaction mixture was shaken mechanically for 24 hours. Upgn
écidification with 1 ml. concentrated hydrochloric acid, thé mixture was
cooled in an ice~water bath and the precipitated product was collected by |
filtration.

. = A solution of 378.2 mg. (5.04 mmole)

glycine in 5 ml. distiiled'water was titrated to pH 10 with 3.02 ml. 1.00 §
éodium hydroxiae. Upon the addition of 1.50 ml. (1.82 g., 11.5 mmole)
ethylthioltrifluoroace'ba'l'.e4 the heterogeneocus solution was placed on a
mechanical shaker for 18 hours. The solution was acidified with 2 ml. 1 X
hydrochloric acid and extracted with three 10 ml. portions ethyl ether. The
etheral extract was takeﬁ.to dryness under reduced pressure. The ¢rystalline
quidue, after drying to constant weight in a vacuum dessicator, weighed
476,6 ng. (54 .8%), m.p. 110.5-116.5°. A sample was recrystallized several
times from benzene, m.p. 114=116,50; Reported m.p. 116° Cos A sample was
dried at 50° for analysis. |

Agg;& Caled. for ¢, H,F_NO,s C, 28.08; H, 2.36; N, 8.19; neut. eq., 171.

4437730
Found: C, 28.59; H, 2.31; N, 8.23; neut. eq., 174; pK, 3.05.
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The neutral equivalents were determined.by dissolving samples of the
respective amino aclds in distilled water or 50% aqueous ethanol and titrating
with l 00 N sodium hydrox1dea ‘The tltratlon curves were constructed by
plottlng moles of base comblned versus the apparent pH as determlned by the
glass electrode. The apparent pK values were obtalned directly from these’ -
plots. | o

' In a second experlment the acetylation of glyclne was carried out in
a sodlum borate buffer solutlon (a saturated aqueous solutlon of sodium
tetraborate, pH 9 2) To a SOlutlon of 750 7 mg (10.0 mmole) glycine in
10 O ml. 1.00 N sodlum hydrcx1de was added 40 O ml, of borate buffer solu~
tlon and 2.00 ml. (2 AT goy 15 .6 mmole) ethyl thloltrlfluoroacetate.‘ The_
heterogeneous solution was placed on a mechanipal shaker; at specified time
intervals 10.0 ml,‘éliqqots were withdrawn, acidified with 1 N hydrochloric
acid; and extracted with three 15 ml. portiens‘ethe;:;.Afﬁe;ﬁdryidg'over
anhydrous magnesium sulfate the etheral extracts were évaporated in tared:.r
flasks and the weight of crystalline residue‘determined”after,drying to .

constant weight in vacuo.
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Table iﬂ

Recovery of Trifluoroaeetylglyeine as a Function of Time

Time Wt. residue Corrected Weight % Product
" O hrs. 19.7 mg. . Qéﬂ-' - _
2 - g5.8 . 66.lmg.  19.3% (based on 342.8 mg.
, g ) , theoretical)
g 1367 117.0 34.1 =
6 . 2ma . 2580 B ZX A
8" (a) 176 .3 156 .6 91.3 (based on 171., mg.
o o . : theoretical)
(®) 197.5 1778 103 S

~ 10.0 ml. buffer solution added immediately before withdrawal of allquot
| 8(b) etheral extractions contalned unreacted thiol ester

 NE-Triflugroacetyl-D, I-Iysine .

- Toa solutien of’in83 g;f(lb:O ﬁmole)
D,I~lysine monohydreciiloridelin 10.0 ml. 1 N sodiun hydroxide was added 2.0 ml.
ethyl thloltrifluoroacetate The heterogeneous mlxture was shaken for six
hours . A preclpltate slowly separated and flnally fllled the solution. The
reaction mixture was cooled in ice-water and the solid was collected by filtra-
tion. Yield, 1.81 g. (75%), 'ni,p. 224-,23'00"»«11;11 decamposition. The crude
material was dissolved in 10 ml. hot water and the solution was diluted w1th
15 ml. hot ethanol. White, rectangular crystals separated on cooling. Yield,
1.25 g. (69% recovery), m.p., 226-231°, dec. A second recrystallization
yielded anamlytical sample which was dried at 100° 1n wacuo.

Anal. Caled. for C,H N, O.F.: €, 39.67; H, 5.41; N, 11.57; neut. eq., 242.

8132°3°3°
Found: C, 39.39; H, 5.54; N, 11.35; neut. eq., 240; pK, 9.47.
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N-TriflucroacetyleD L~ ' ine ‘ texr. = Toa suSpeﬁsion of
2.09 g. (10.0 mmole) D,IL-tyrosine ethyl ester in 10 ml. ethyl acetate was
added 2.0 ml. ethylthioltrifluorcacetate. The heterogeneous sysfem was shaken
- and the solid gradually went into 301ution After 24 hours, a crystalline |
solid had separaﬁéd. The reaction mxxture was taken to-dryness under re- '
duced pressure. The residue weighed 3.02 g (99%), m.p. 166—172 .. ‘The crude
material was recrystallized from 20 ml. ethyl acetate by the addition of 60 ml.
petroleun ether (b.p. 30-60°). Yield, 2. 08 g. (69% recovery), m.p. 170-172°.
A sample was recrystdlized twice from ethylacetate—petroleum ether for analysis.
m.p. 172.6-17". Reported; m.p. 175-176°.% -

A__n_g;_; Caled. for Gjfl;,FalO ¢ Gy 51.15; H, 462 N, 4.59. Found: C, 51.18;
H, 4.85; N, 4.48. | - _' - o

| N-Trifluoroacetyl-D. L-Ng rléuging;. - The acetylation was effected in
the usual’manﬁer‘ However, crystalllzatloﬁ of the organic phase could nct be
induced on a01d1flcat10n of the reaction mxxture ‘The crude product was ex— .
tracted with three 10 ml. portions ethyl acetate."The cambined extracts were
dried over MgSO,. ‘The solution was filtered and concentrated under reduced
pressure. The oily residue Was‘di3301ved in 40 ml. hot benzeneQ-slow coolihg
and vigorous scratching eventually led to the separaticn of a crystalline
selid. Yield, 1.20 g. (53%), m.p. 77;5—820., After two recrystailizations
from benzene‘the melting point was 79;0—82.50. A sample was dried at 40° for
analysis. _ | . |
Anal. Caled. for CgHyoFaNOg: C, 42.29; H, 5.733;‘ N, 6.17; neut. eq., 227.
Found: C 42.59; H, 5.31; N, 5.86; neut. eq., 222; pk, 4 .36 (50% aqueous

ethanol).

9) 12 Taljlrog, S. Abraham, and I. L. Ghalkoff, J. Am. Chem. Soc oy I8, 3473
1953
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Peptide Synthesig, .
-N_uTrifluoroacetylglycylaD,prhenylalanlne was prepared byut'wo distinet

metnods : 1) a direct synthesis via the- thiophenyl egter of &he aoetyla'be_d |

glycine, and 2)_yaoetylation of a sample of a commercial preparation of Jc;he

dipeptide.

.. 1 Ester. - Ina 50 ml. éear—shaped
flasgk fitted with a r_eflwc condenser and a oaloimn chloride tube was _plaeed
a suspension of 4.28 g. l(.O 025 mole) N-triflucroacetyl gljcine . The mixture
was heated under reflwc .f."or 2.5 hou.rs with 3.0 ml. (4 96 g.y O 041 mole)
purlfled thionyl chl_orJ.de . The reaction mixture was concentrated unde_r re-
duced pressure (ary nitrogen 'atmOSphe:re) " The solution of the acid chloride
was taken up in .10 ml dry benzene and concentrated a second tme.,» A solu;
tion of 3.50 ml. (3.77 g.y 0.034 mole) thlophenol in 10 ml. dry benzene was
added. The :r’ea_ction mixture was heated under reflux f'or 4 hours and allowed
to stand at room temperature overnight. Solvent and e'xcess thlophenol were
. romoved under re_duce_d pi'essure. The solld residue was dissolved in 15 ml B
benzene, treated w1th Norl‘te, fll‘bered and diluted m.'bh 15 ml. hexane. The
yellow crystalline product welghed 542 g. (82,4%)7, m.p. 70»77 . Two re-
crystallizations_ from benzenemhexane yvielded c.olorles;s crystalg. m.p. 80 2=
81.5°. A sample was dried at 60° in yacuo for analys_is, o
Agal. Caled. for CgHgF,NO,S: C, 45.63; Hy 3.06; W, 5.32. Fownd: G, 45062;
H, 3.45; N, 5.19. | |
, = 'Io a SOIutJ.on of 166 5 mg.

(1.01 mmole) D prhenylalanme in A O ml. d:..st:.lled water eontalnlng one equ:La-
valent sodlum hyd:rox:.de was added a solution of 264 8 mg. (l Ol mmole) Na’t.r1==

fluorcacetyl glycine thiophenyl ester in 4.0 ml. tetrahydrofuran, Two phases
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were present and the mixture was shaken meéhanieally'for_AS hours at roam 
temperature. The pH of the syétem was measured at intervals by use of the
electrode. The initial pH was 9.45; after 24 hours the pH had fallen to
7.65, and 43mained essentially constant during the second 24 hour period.

The solution was evaporated to dryness in vacug. The residue was taken up -
in 3.0 nI. 1 N HC1 by‘warming and the solution placed in the refrigerator
overnight. IThe crystalline product was collected by filtration. Recovered;
9% mg. (30%), m.p. 151.5-154.5 . The solid was soluble in ethanol but.
sparingly soluble in water. Recryétallization from 1.5 ml. water yielded
44 2 mg. (46% recovery), m.p. 152.5-155°. The material was dried at 80°

in vacue for analysis. | '
A&él; Calcd. for'013H13F3N2043 C, 49.06;5 H, 4.12; N, 8.80. Found: YG,'48.805
H, 4.26; N, 8.85.

s = To a solution of 222.1 mg.

(1.00 mmole) glyeyl-D,I~phenylalanine (Mann Assayed Biochemicals, C.P. grade)
in 1.00 m1. 1 X SOdium hydroxide was added 6025 mlu'ethyl thioltrifluoro-- -
acetate. The suspension was shaken méchanically at room temperature for 5
hours. The solution was acidified with 0.50 ml. 6'§ HCl;‘cooled in icen‘
water, and the solid was collected by filtraﬁion,' Yield,:312.2 mg.. (98%),
m.p.'152=155°,"A mixed melting point with the product isolated fram the
direct synthesis showed no depression.

Optigal Tntegrity.

. = The acylafed amino acid was pre- -

pared according to the general procedure. The crude>material'wasfrecrystaliized
from 50 ml. hot benzene by diluting with 30 ml. hexane. The product crystal-
lized as colorless needles. Yield, 2.02 g. (78.2% of theory), m.p. 119.4-
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120.60° A second recrystallization from benzene-hexane yielded material for
analysis, m.p. 119-120.6°, optical rotation: in 95% ethanol @248 + 13.8°
(0.0208 g. in 5.00 ml. 95% ethanol); in glacial acetic acid {d)§° + 36.4°

(0.0187 g. in 5.00 ml. glacial acetic acid). A sample was dried at 80° for

analysis.

11710

fpal. Caled. for G, H FNO.: C, 50.58; H, 3.86; N, 5.36. Found: G, 50.69;

H, 4.09; N, 5.22.

1-I~Phenylalanine. = A solution of

262 .4 mg. (1.00 mmole) N~trifluorcacetyl-Il-phenylalanine in 5 ml. 95% N
ethanol was titrated with standard 1 N sodium hydroxide. Excess alkali
(5.00 ml. total) was added and the solution was allowed to stand at room
temperature for 24 hours. .The solution was back titrated with standard 1 N
hydrochloric acid and evaporated to d_rynesso The residue was taken up in »
3 ml. water and the insoluble material collected by filtration. The residﬁe
was crystallized from 2 ml. water. 'Yield, 73.0 mg. (44%). The opﬁical
rotation was determined in distilled water. [@]%2 - 32.6° (0.0302 g. in 5.00
ml. water). A sample of L-phenylalanine used as starting material had a
specific rotation [d]21-¢ - 34.2°.

D

-~ To a.suspension of

261 mg: (1.00 mmole).Nmtrifluoroacetyl=iwphenylalanine in 5 ml. dry bénzene
added 0.20 ml. (0.32 g., 2.7 mmole purified thionyl chloride. The mixture
was heated under_reflux for 2.5 hours in é system protected from atmospheric
moisture by a calcium chloride tube. The solvent and excess thionyl
chloride were removed under reduéed pressure (dry nitrogen atmosphere).

The crude product was washed with 5 ml. dry benzene and again taken to dry-

ness. The residue was dissoived in 15 ml. dry benzene; the hot solution
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was filtered, and, upon cooling, was diluted with 10 ml. petroleum ether.
(b.p- 30~60°°) The sblution was stored in a refrigerator overnight. The
cryétalline solid was collected on'a sintered glass filter and washed with
several portions of petroleum ether. The fine, colorless, silky needles. .. -
were stored in a vacuum dessicator. Yield,ﬁ172‘mgg (60.3%), MPoy 105=lQ79°_
Two recrystallizations from benzene-petroleum éther (231) gave crystals. ..
m.p. 109.5-111.5". A sample was dried at 50° for analysis.

Anal, ‘Caled. for'CllHéClFBNozs C, 47.245 Hy 32.4; N, 5.01. ,Found;jlc?
47907; H, 3.48; N, 5.12. [g]§8°2 + 1535? (000081 g. in‘5,00>ml. glacial - = .

acetic acid). |

sélution of the acid chloride, prepared from 130.8 mg. Nmtrifluoroécetylu
ipphenylalanine, in~5 ml. acetone was added O.2O‘m'1° water. - The ‘solution

was allowed to stand at rocm temperature for 6 hrs., and then evaporated

to dryness under reduced pmeséhreo The residue was récrystallized from’
l(.).ml° benzené dilutedeith hexane . .The needle shaped. crystals which
separated were éollected by filtration. Yield, 96.3 mg. (73.7%), m.p. 115°6=
117.6°. @312)6 + 15.5° (0.0247 g. in 5.00 ml. 95% ethanol).

| | o = The acid chloride of

N=trifluoroacetyl=IL-phenylalanine was prepafed from 264 .6 mg. (0.946 mmole)
of the acetylated amine acid in the usual manner. The crude acid chloride
was taken up iﬁ 5 ml. dry benzene and to the cold solution was slowl& added
a solution of 0.21 ml{ (0.20 g.y 2.4 mmole) aniline in 5 ml. dry benzene. |
A heavy white precipitate separated. The reaction mixture was heated undef
reflux for one hour and the solvent was removed under reduced pressure.

The solid residue was extracted with three 4 ml. portions of water, and the

crude product was crystallized from 10 ml. of 70% aqueous ethanol. The
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white, fine, silky needles were filtered from the cold ethénolic solution,
washed with two 5 ml. portions water, and dried in vacuo. Yield, 275.6 mg.
(80.8%), m.p., 195.5-198.5°. A sample was recrystallized from 70% aqueous
ethanol and dried at 100 in vacug for analysis.

Anal. Caled. for C " C, 60.71; H, 4 50; N, 8.33. Found: C,

155
60.89; H, 4.47; N, 8.10. Bﬂ?f’ 2+ 54.3° (0.019 g. in 5.00 ml. 95%
ethanol). |

- To a solution of 91.1 mg.

{0.271 mmole) N;trifluoréacetyl-Irphenylalanylanilide in 5.0 ml1. 95% ethanol
was added 1.0 ml. 1 sodiun hydroxide. The basic solution was allowed to
stand for 48 hours at roém temperature and then acidified with 1 ﬂ‘hyéfo=
chloric acid. The acidic solution was evaporated to dryness and the solid
residue was extfaéted wiih 2 ml. dilute aqusous ammonia. The crude product
was crystallized from 4 ml. 50% aqueous ethanol. Yield, 37.0 mg. (56.9%);
m.p- 72.6-74.2 [§JD _ 24 22.1° (0.0102 g. in 1.00 ml. abs. ethanol). |

2 8
Reported for Irphenylalanylanilldea MePey 72—74., a D6 19O





