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The Preparation of Methionine-Containing Peptides
with Trifluoroacetyl Protection of Amino Groups
and 2,2,2-Trichloroethyl Ester Protection of Carbox-
yl Groups*

John F. CARSCON

Western Regional Research Cenier, Science and Education Ad-
ministration, U. S. Department of Agriculture, Berkeley, Califor-
nia 94710, U.S A.

In a previous paper!, a method for the preparation of 2,2,2-
trichloroethyl esters was described. This paper presents the
synthesis of a number of protected dipeptides, one tripep-
tide, and a tetrapeptide derivative containing methionine
with N-trifluoroacetyl and 2,2,2-trichloroethyl as protect-
ing groups.

Marinier et al.2 employed amino acid trichloroethyl esters
in peptide synthesis where the benzyloxycarbonyl group
was used to protect the amino function. Peptides which
contain methionine, however, present difficulties in remov-
al of benzyloxycarbonyl groups by catalytic hydrogenoly-
sis, hydrogen bromide in acetic acid, or sodium in liquid
ammonia. In the first case, reaction is very slow because of
catalyst poisoning and with the other two methods, me-
thionine is partly destroyed. These problems are eliminated
by the use of the t-butoxycarbonyl’® derivative for amino
protection, a procedure that is almost routine in solid phase
syntheses.

Weygand and Frauendorfer* have prepared peptides with
the amino group protected by trifluoroacetyl and the car-
boxyl group protected as the i-butyl ester and have shown
that the trifluoroacetyl group may be readily removed with
sodium borohydride in ethanol with only slight damage to
the t-butyl ester and with no effect on a free carboxyl
group. The ease of preparation of N-trifluoroacetyl amino
acids and of amino acid trichloroethyl esters and the possi-
bility of removal of the ester group by reduction with zinc
dust suggested the combination of these two derivatives for
peptide synthesis as an alternative procedure.

The syntheses described here follow the equations in which
one or both amino acid reactants 1 and/or 2 is a methion-
ine derivative. All amino acids are of the L-configuration.
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After zinc reduction, the cycle can be repeated by reaction
of the N-trifluoroacetyl-peptide 4 with a second amino acid
trichloroethyl ester. Finally, the free peptide can be ob-
tained by borohydride reduction after removal of the last
trichloroethyl ester group. The order cannot be reversed
since borohydride attacks the ester but not the carboxyl
group. In these reactions, the ester is applied as the tosylate
salt followed by neutralization with the appropriate tertiary
amine.

Since Weygand et al.’ have observed serious racemization
in the preparation of N-trifluoroacetyl-peptides with dicy-
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clohexylcarbodiimide (DCC) at room temperature, but

only slight racemization at —10°C, the coupling reactions

in this report were all performed at low temperature, and

N-hydroxysuccinimide was used as an additive to further

minimize racemization. The value of this reagent was de-

monstrated by Wiinsch and Dries®, Weygand®, and by Izu-

miya and Muraoka’.

The identity and purity of the N-trifluoroacetyl-peptide
trichloroethyl esters 3 were established by '"H-N.M.R. spec-

trometry in deuterated dimethyl sulfoxide when the inte-

grated proton resonance intensities were compared for NH,

CH,--CCl,, +-CH, and where possible for CH,S and CHa.
Table 1 gives physical data for nine N-trifluoroacetyl di-
peptide trichloroethyl esters and the tri- and tetramethionyl
esters.

Trichloroethyl ester groups were removed by the procedure
of Just and Grozinger® in which the combination zinc dust
and 4/1 (vol/vol) of tetrahydrofuran/1 molar potassium
dihydrogen phosphate was used. This was found to be pref-
erable to the more commonly used zinc/acetic acid in that
less zinc was solubilized and products were easier to purify.
Table 2 gives physical data for the eleven N-trifluoroacetyl-
peptides 4 obtained by zinc reduction of the compounds 3
of Table 1. Again, completion of reaction and purity was
established by 'H-N.M.R. spectrometry, absence of
CH,CCl; resonance and ratios of the other integrated re-
sonances.

Specific rotations were measured with a Perkin-Elmer 241 polari-

meter with a cell of 1 dm path length. '"H-N.M.R. spectra were
measured with a JEOL-PFT-100 spectrometer. L-Amino acids and

Table 1. N-Trifluoroacetyl Peptide 2,2,2-Trichloroethyl Esters 3 (N-F.C-—CO—-A,B—OCH,CCl;)

Product Yield m.p.
No. A B [%] °q

[alo ([adaze)*

in CHCl; in DMF

Molecular
formula®

"H-N.M.R. (DMSO-d,/TMS)
5 [ppm]

133-135° —220°  —418°
(-44.6°) (—85.6%)

3a Ala  Met 90

3 Val Met 93 84-85° —199°  -322°
(=39.0°) (—67.7°)

3¢  Leu Met 95 oil -31.8°  —396°
(—65.6°) (—80.0°)

3d Phe Met 86 106-107° + 4.82° -16.1°

(+15.6°) (—243°)

3e Met Ala 77 73° 4 120 ~20.0°
(+ 5.4°) (-404°)

3 Met Val 80 oil + 100 —11.0°
(+ 617°) (=20.1°)

32 Met Lew 87 82° — -25.6°
(—) (-4947)

C|2}"147CI3F3N204S
(441.7)

C14Hp0CLF3N,O.S
(475.7)

CisH2:CLF3N, 0,8
(489.8)

CisHCLF3NO,S
(523.8)

Ci2H,CLF3N0.8
(441.7)

CldHZ()Clij;NzO,;S
(475.7)

CisH2ClF3N, 0,8
(489.8)

137 (d, 3H, CH;); 1.84-220 (m, 5H,
SCH; +CH,); 2.40-2.79 (m, SCH, + sol-
vent); 4.16-4.74 (m, 2H, N--CH); 4.94 (q.
2H, CH,CCly); 8.61 (d, 1H, NH); 9.57 (d,
{H, NH)

0.94 (t, 6 H, CH,); 1.74-2.35 (m, 6 H, SCH;
+ CH, + CH); 2.35-2.80 (m, CH,S + sol-
vent); 4.22 (t, 1H, N—CH); 4.39-4.75 (m,
1H, N—CH); 4.97 (q, 2H, CH,CCl,); 8.74
(d, 1H, NH); 9.50 (d, 1H, NH)

0.90 (s, 6 H, CH,); 1.45-2.30 (m, 8 H, SCH:
+ CH; + CH); 4.20-4.75 (m, 2H, N-- CH):
4.96 (q, 2H, CH,CCl,;); 8.68 (d, 1 H, NH);
9.58 (d, 1H, NH)

1.72-2.28 (m, 5H, SCH; + CH,); 2.28-2.57
(m, 2H, CH,); 2.58-3.20 (m, CH, + sol-
vent); 4.42-4.78 (m, 2H, N—CH); 497 (q.
2H, CH,CCls); 7.25 (s, 5H.com): 8.84 (d. 1H,
NH); 9.66 (d, 1H, NH)

1.40 (d, 3H, CH,); 1.80-2.80 (m, SCH, +
CH, + solvent); 4.25-470 (m, 2H,
N--~CH); 4.90 (g, 2H, CH,CCl;). 8.70 (d,
1 H, NH); 9.40-9.70 (m, 1 H, NH)

0.90 (t, 6 H, CH,); 2.07 (s, 3H, SCHa); 3.35
(m, 5H, CH, + CH); 4.20-4.70 (m, 2H,
N-—~CH); 4.95 (q, 2H, CH,CCl,); 8.20--8.65
(m, 1H, NH); 9.55 (d, 1H, NH)

0.91 (s, 6 H, CH;); 1.40-2.20 (m, 8 H, SCH:
+ CH; + CH); 4.20-4.70 (m, 2H, N--CH);
4.94 (q, 2H, CH,CCl,); 8.65 (d, 1H, NH);
9.58 (d, 1 H, NH)
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Table 1. (Continued)
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Product Yield m.p. [alb ([a)ase)? Molecular 'H-N.M.R. (DMSO-d,/TMS)
No. A B [%] [°C] ————————  formula® 8 [ppm]
in CHCl; in DMF
3h Met  Phe 80 92-93° ~ 4.2° =231°  CiHyCLF;N0,8  1.60-2.60 (m, 7H, SCH; + CHy,); 2.70-3.20
(— 3.4°) (-45.3°) (523.8) (m, CH, + solvent); 4.25-4.80 (m, 2H.
N--CH); 4.90 {q, 2H, CH,CCly); 7.25 (s,
5Haom): 8.75 (dd, 1H, NH); 9.50 (dd, 1H,
NH)
3i Met  Met 94 67-68° - 3.5° =35.0° CuHzCLFiN,O.S,  2.05 (m, 10H, SCH; + CH,); 2.43-2.57
(= 3.9°) (-687°) (507.8) (SCH, + solvent); 4.41-468 (m, 2H,
N--CH), 493 (q, 2H, CH,CCLy); 8.70 (d,
1H, NH); ¢.61 (d, 1H, NH)
3 Met  (Met), 93 148-150° —-11.7° =300 CoHpCLFNLOsS,  1.70-2.80 (m, SCH; + CH, + solveat):
(-21.2°)  (-58.6") (639.0) 4.10-4.65 (m, 3H, N--CH);, 4.87 (q, 2H,
CH,CCl,); 8.25 (d, tH, NH); 8.45 (d, LH,
NH); 9.50 (d, 1 H, NH)
3k Met  (Met); 78 108-110° -20.3° ~28.0°  CyuHauCLF3NLOS, 1.70-2.60 (m, SCH; + CH, + solvent);
(softens at  (—40.3°) (—54.6°) (770.2) 4.20-4.65 (m, 4H, N--CH); 490 (q, 2H,

106°)

CH,CCL:); 8.00 (d, 1H, NH); 8.30 (d, tH,
NH); 8.50 (d, 1H, NH): 9.55 (d, tH, NH)

4 Specific rotations were measured at 4-5% concentration (g/100 ml).
" The microanalyses were in fair agreement with the calculated values (C +0.42, H 2:0.43, N +0.32); exceptions: 3a C +0.81,3e C ~0.79,

3k C +0.57.
¢ Not analyzed.

Table 2. N-Trifluoroacetyl Peptides 4 (N-F:C—CO-~A,B—OH) from 2,2,2-Trichloroethyl Esters 3

Prod- Yield m.p. [alp (1ajase) Molecular ‘H-N.M.R. {DMSO-d;/TMS)
uct [9] [°C] formula® 8 [ppm]
No. in CH;CN  in DMF
4a 89 142-143¢ —~33.5° -28.7° CioH,sF3N,O,8 1.24 (d, 3H, CHa); 1.56-2.24 (m, 5H, SCH; + CH,);
(—70.0°) (-589%) (316.3) 2.24-280 (m. SCH, + solvent); 4.12-4.70 (m, 2H,
N--CH), 8.26 (d, 1H, NH); 9.50 (d, L H, NH)
4b 88 206-207¢ -224° C,:H4sF3N,0,8 0.88 (t, 6H, CH3); 1.70-2.30 (m, 6H, SCH; + CH; +
(—46.8°) (3444) CH); 2.50 (t, 2H, SCH,); 4.00-4.58 (m, 2H, N--CH);
8.41 (d, 1H, NH); 9.40 (d, 1H, NH)
4¢ 79 205-207° -369° -324" Cy:Hy, FaNLOLS 0.90 (q, 6 H, CHa); 1.30-2.60 (m, &H, SCH; + CH: +
(—~75.2°) (—65.6°) (358.4) CH); 3.28 (m, 2H, SCH,); 4.31 (m, 2H, N--CH); 8.3¢ (d,
1H, NH); 949 (d, 1H, NH)
4d 73 186187 —~ 8.1° + 2.1° CHoF3N,O,S 1.80-2.24 (m, 5H, SCH; + CH,); 2.25-3.34 (m, CH;, +
(— 9.2°) (+15.67) (392.4) solvent); 4.52 (m, 2H, N-—CH); 7.30 (m, 5 Hueom): 8.55 (4,
1H, NH); 9.60 (d, 1H, NH)
4e® 60 oil -~ 539 — 8.62° CwHsFiN,O,8 1.25 (d, 3H, CH,); 1.50-2.65 (m, SCH; + CH, + sol-
(—~10.9%) {(~17.2°)  (3163) vent); 3.90-4.70 (m, 2 H, N—-CH); &35 (d, 1H, NH); 9.45
(d, tH, NH)
4f* 84 oil - 0.5° — 892°  C,;H,,F;N,0,8 0.90 (t, 6H, CH,); 1.80-2.34 (m, 6H, SCH; + CH: +
(+ 1.0°) (—18.87) (344.4) CH); 2.34-2.66 (m, 2H, SCH,); 4.0-4.7 (m, 2H, N—CH);
8.00-8.40 (m, 1H, NH); 9.52 (d. 1H, NH)
4g 79 137° — 6.93°  C;:H;F;N:0O,8 0.90 (t, 6H, CHa); 1.40-2.30 (m, 8H, SCH; + CH: +
- (—12.0°) (3384) CH); 2.55 (1, 2H, SCH,); 4.06-4.74 (m, 2H, N-——CH}).
8.36 (d, 1H, NH); 9.53 (d, 1H, NH)
4h 54 120-121° — 9,58 -10.8° CieH,oF3N,0,8 1.54-3.34 (m, SCH; + CH, + solvent); 4.50 {d, 2H,
(-153°)  (-173°) (392.4) N--CH); 7.28 (5. SHuom): 845 (1, 1H. NH); 9.32-9.66
(m, 1H, NH)
4i 72 157-158°¢ ~19.1° -261° C1:HoF3N0,8, 1.86-2.06 (m, 10H, SCH, + SCH,); 2.43-2.58 (m, CH,
(-356°)  (—498°) (376.4) + solvent); 4.34 (m, 2H, N--CH); 8.41 (d, 1 H, NH); .56
(d, 1H, NH)
4j 73 145-147° ~24.7° -16.5° C,-HpFiN;OsS;  1.70-2.70 (m, SCHs + CH, + solvent); 435 (m, 3H,
(dec) (—49.2°) (—30.6°)  {507.6) N—-CH); 8.10 (d, 1H, NH); 8.30 (d, tH. NH); 9.50 (¢,
1H, NH)
4k 78 127 - -19.8° C2oH3F3N3OGS, 1.6-2.7 (m, SCH; + CH, + solvent); 4.2-4.6 (m, 4H,
(softens (—3829) (638.8) N--CH); 7.7-8.5 (m, 3H, NH); 9.55 (d, L H, NH)
at 110°)

» The microanalyses were in good agreement with the calculated values (C + 038, H £0.14, N +0.18).

* Not analyzed.
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organic reagents were purchased from Aldrich Chemical Co. Zinc
dust was obtained from Mallinckrodt. Amino acid 2,2,2-trichloro-
ethyl esters 2 were prepared as the tosylate salts by azeotropic dis-
tillation as described earlier’. N-Trifluoroacetyl-L-amino acids 1
were prepared by the procedure of Weygand and Geiger® and had
the physical properties described by Fones and Lee'.

N-Trifluoroacetyl-r-phenylalanyl-L-methionine 2,2,2-Trichloro-
ethyl Ester (3d); Typical Procedure:

To a cold solution of L-methionine trichloroethyl ester tosylate
(10.69 g, 0.024 mol) in dichloromethane (300 ml) and dimethylfor-
mamide (50 ml) is added diisopropylethylamine'' (4.2 ml, 0.024
mol) and N-trifluoroacetyl-L-phenylalanine (6.00 g, 0.023 mol). Air
above the reaction mixture is displaced by argon. The reaction
mixture is stirred and cooled in a salt/ice bath and dicyclohexyl-
carbodiimide (5.50 g, 0.027 mol) is added. After 20 min'?, N-hy-
droxysuccinimide (3.10 g, 0.027 mol) is added and the mixture is
stirred for 7 h at —10°C, stored at —20°C for 48 h, and at 0 °C for
24 h. Excess dicyclohexylcarbodiimide is destroyed by the addition
of 1 normal hydrochloric acid (10 ml) and acetic acid (3 ml). The
mixture is filtered and concentrated in vacuo to a slurry which is
dissolved in ethyl acetate (350 ml) and again filtered to remove di-
cyclohexylurea. The ethyl acetate solution is extracted successively
with 1 normal hydrochloric acid (5 x 35 ml), 4% aqueous sodium
hydrogen carbonate (5 x 35 ml), and finally with saturated salt so-
lution (30 ml). After drying with sodium sulfate, the solution is
concentrated in vacuo to a waxy solid. Crystallization from ethyl
acetate/n-heptane (1:4) gives the product; yield: 11.5 g (96%).
Aqueous ethanol can also be used for recrystallization.
CisHxCLF3N,0,8  cale. C4128 H385 NS535

(523.8) found 41.60 3.99 5.45

N-Trifluoroacetyl-L-valyl-L-methionine (4b); Typical Procedure for
Zinc Reduction®;

A solution of 3b (2.033 g, 0.0043 mol) in tetrahydrofuran (20 ml) is
stirred magnetically and the air displaced by argon'®. Zinc dust
(4 ) is added and immediately after 1 molar potassium dihydrogen
phosphate solution (4 ml) is added. The slurry is stirred vigorously
for 45 min and filtered. The zinc is washed with fresh tetrahydrofu-
ran (5 x 25 ml). The combined filtrates are concentrated in vacuo to
~ 50 ml. 1 Normal hydrochloric acid (10 ml) and water (20 ml) are
added and the suspension is concentrated in vacuo to 25 ml. The
suspension of crystalline material is extracted with ethyl acetate
(125 ml). The desired product is removed from the ethyl acetate so-
lution by extraction into 4% sodium hydrogen carbonate solution
(3x25 ml). The alkaline extracts are acidified with normal hy-
drochloric acid and reextracted with ethyl acetate (3 x 60 ml).
Evaporation of the organic solvent leaves a crystalline product
which is recrystallized from ethanol to give the product as prisms;
yield: 1.30 g (88%).

C2H4F3N,0,8 calc. C418 HS55 N8.14

(344.4) found 42.10 5.70 8.20

The author thanks R. E. Lundin and M. Benson for N.M.R. measure-
menis and G. E. Secor for microanalyses.
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ment is only for purposes of information and does not imply ap-
proval or recommendation of the product to the exclusion of oth-
ers which may also be suitable.

' J. F. Carson, Synth. Commun. 1979, 24.
> B. Marinier, Y. C. Kim, J. M. Navarre, Can. J. Chem. 51, 208
(1973).

3 B. Iselin, R. Schwyzer, Helv. Chim. Acta 451, 1499 (1962).

¢ F. Weygand, E. Frauendorfer, Chem. Ber. 103, 2437 (1970).

* F. Weygand, A. Prox, L. Schmidhammer, W. Konig, Peptides,

Proc. of V European Symp., G. T. Young, Ed., MacMillan, N.

Y., pp. 97-107.

E. Wiinsch, F. Dries, Chem. Ber. 99, 110 (1966).

N. Izumiya, M. Muraoka, J. Am. Chem. Soc. 91. 2391 (1969).

G. Just, K. Grozinger, Synthesis 1976, 457.

F. Weygand, R. Geiger, Chem. Ber. 89, 647 (1956).

0039-7881/80,/0932-0733 $ 03.00

€ =2 N o

10
n

13

Communications 733
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