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Ne-Trifluoroethyl amino acids have been prepared for the
first time and unexpectedly found to behave as conventionally
N-protected amino acids. Novel unnatural peptides are easily
prepared in high yields without racemization. The observed
chemistry results from steric factors as well as from the acidity
of the CF;CH,NH group, according to comparative experi-
ments. Of ten dipeptides that were tested for antitumor activity,
CF;CH,—L-Tyr—-1le-OtBu was the most active.

We wish to report a direct synthesis of unprecedented fluo-
roalkyl-substituted molecules from the common amino acids.

We reported recently the first rapid alkylations of the side
chains of cysteine, glutathione, and N*-protected lysine in aque-
ous media at ambient temperature,* consisting of the transfer of
a 2,2,2-trifluoroethyl group from the iodonium salt
(CF3S0,),NI(Ph)CH,CF; (1). Because large amounts of com-
pound 1 are prepared easily,? we have further studied the poten-
tial of 1 as a discovery tool for novel bioactive substances.?

We now report that amino acid esters are alkylated at the
a-nitrogen by 1 under convenient two-phase conditions
(CH,Cl,/water/NaHCO3). Scheme 1 shows the simple prepara-
tion of the representative products N*-2,2,2-trifluoroethyl-
phenylalanine (4a), -tyrosine (4b) and -valine (4c).
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Scheme 1. Preparation of the title amino acids.

Initially, investigating CF;CH,—L-PheOtBu 3a as a model,
we hoped to form a peptide bond to the o-nitrogen but we had
no success. We supposed that the oa-nitrogen had become
essentially non-nucleophilic. Such a degree of deactivation is
the purpose of protecting groups in peptide synthesis.* On this
basis we reasoned that standard peptide synthesis might be
applicable with the free acids 4. This proved to be true.
Standard coupling conditions gave dipeptides 5a—- (Scheme 2,

Table 1) in excellent yields.® The commercially available
amino acid t-butyl esters 2a-c are the most convenient starting
materials for preparing 4. Because t-butyl esters are especially
stable to bases, but readily hydrolyzed by dilute acids, the direct
procedure of Scheme 1 becomes possible.> The analytically
pure amino acid products 4 are obtained by simple partitioning
between organic and aqueous phase. Chromatographic isola-
tion of the intermediate esters 3a-c is possible but unnecessary.
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Scheme 2. Typical reaction of an N®-22)2-
trifluoroethyl-amino acid under standard peptide
coupling conditions.
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Table 1. Dipeptides® from 4a, 4b and 4c

Trifluoroethyl Second component Product Y./ %
amino acid

4a L-I1eOfBu S5a 64

4a L-AlaOMe 5b 64-95°°
4a D-AlaOMe 5c¢ 62

4a D,L-AlaOMe 5d 24¢
4a L-ValOMe Se 73-90°
4a D,L-ValOMe 5f 88

4b L-AlaO7Bu 5¢g 74

4b L-LeuOrBu 5h 95

4b L-IleOrBu 5i 95

4b L-Asp(OAI)OAIl 5j 98

4b L-Glu(OAI)OAIll 5k 97

4c L-PheO/Bu 51 95

®All reactions on a 0.50 mmol scale, with 1.1 eq HOBt, 1.1 eq EDC, 2 eq
DIEA unless otherwise indicated. ®55% using DCC in place of EDC. 4
sets of conditions, see text. “Water/NaHCO, in place of DIEA.

Possible racemization of the amino acid that undergoes the
coupling is a major issue of peptide chemistry.#” The method
of N-protection can be one of the factors in racemization.
Therefore we investigated the eight combinations (four prepara-
tions each of 5b and 5e) of 3a with L-AlaOMe and L-ValOMe
as the incoming amino acids, CH,Cl, or DMF as the solvent,
and 1 or 2 eq of DIEA. The methyl esters of L-Ala and L-Val
and the corresponding D- and D,L- forms are commercially
available, so we could use 5d and 5f as NMR references.
Undesired diastereomers were not detected in any run by 500
MHz H and 470 MHz °F NMR. The best conditions from this
screening experiment were used to prepare dipeptides from N%-
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trifluoroethyltyrosine (4b) or -valine (4c) and a second amino
acid having the practical* t-butyl or allyl ester O-protection.
All the dipeptides so prepared were essentially pure as obtained
from workup.

To determine if the electron-withdrawing character of the
CF5CH, group could explain our findings, firstly we measured
pK, of the water-soluble CF;CH,—Gly—OH-HCI by titration.
We found that pK, of trifluoroethyl glycine is only slightly
lower than pK, of trifluoroethylamine, as shown in Figure 1.
However, trifluoroethylamine and Z-PheOH gave under the
same coupling conditions of Scheme 2 a 75% yield of the crys-
talline amide Z-Phe-NHCH,CF;. The importance of steric fac-
tors was confirmed when, still under the same conditions, no
product was formed from Z-PheOH and secondary N-2,2,2-tri-
fluoroethyl amines such as CF;CH,NHCH(CH;)Ph and
CF;CH,NH(CH,),Ph.
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Figure 1. Titration of CF;CH,NHCH,COOH-HCI (pK; =

2.2, pK> = 5.3) and CF;CH,NHy HCI (pK, = 5.6) with NaOH
in water.

Protecting groups such as Boc, Z, arenesulfonyl and formyl
occur in synthetic bioactive peptides and are evaluated as struc-
tural units in pharmaceutics design.® While structure—activity
relationship is a very complex subject, a simple chemical func-
tion of such “protection” is to retard or prevent metabolic deac-
tivation by oxidative dealkylation. That is precisely the known
utility of a fluoroalky! residue.®

Assays for anticancer activity were carried out at NIH/NCI©
on the compounds in Table 1. CF;CH,—L-Phe—L-11eOtBu (5a),
CF3;CH,—L-Tyr—L-LeuOtBu (5h) and CF;CH,—L-Tyr—-11eOtBu
(5i) reduced cancer cell growth. Compound 5i killed cancer cells
at 107 M concentration. These results from a very small pool of
new substances warrant further synthetic work.

In summary, preparative amounts of the novel type of
amino acids represented by 4a—c are available easily. Most
importantly, they undergo standard peptide chemistry. This
unexpected property of 4 affords very large numbers of poten-
tially bioactive fluoroalkylated substances possessing very
lipophilic moieties whose in vivo stability is also anticipated.
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