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Recently Fmoc amino acid fluorides have been shown to be
rapid-acting reagents for peptide coupling, useful for both
solution and solid phase synthesis' and especially suited for the
coupling of sterically hindered o,a-disubstituted amino acids,
which are not easily handled by standard techniques.? Examples
of the unique reactivity of these compounds include the first
ever solid phase syntheses of the naturally-occurring peptaibols,
peptide alcohols of about 20 units which are rich in such
hindered amino acids.> For these syntheses, the Fmoc amino
acid fluorides were isolated and purified by recrystallization
prior to use. Now it has been possible to take advantage of the
exceptional nature of amino acid fluorides without their isolation
via utilization of a new reagent which effects clean in situ
conversion of the acid to the fluoride under conditions similar
to those which are now common in the case of uronium* and
phosphonium® reagents derived from 1-hydroxybenzotriazole
(HOBU)® and 1-hydroxy-7-azabenzotriazole (HOAt).” Of the
20-odd proteinogenic amino acids, only His and Arg could not
be converted to shelf-stable amino acid fluorides for use in
peptide assembly.?® Now, however, generated as transient
intermediates via TFFH, both can be routinely coupled in this
form. In some cases for these two amino acids as well as for
Asn % better results are obtained if 1 equiv of HOAL is present
during the coupling process.

Tetramethylfluoroformamidinium  hexafluorophosphate
(TFFH, 101! 2), a nonhygroscopic salt stable to handling under
ordinary conditions, is obtained via reaction of tetramethyl-
chloroformamidinium hexafluorophosphate (TCFH, 1) with
excess anhydrous potassium fluoride.
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Infrared examination shows that in the presence of i-Pr,NEt
(DIEA), Fmoc amino acids are converted via TFFH (ratio
2:1:1) to the acid fluorides 3. In dichloromethane solution at
room temperature, absorption at 1842 cm™!, characteristic of
the carbonyl fluoride unit, appears after about 3 min, with
complete conversion to acid fluoride occurring after 8—15 min.
For hindered amino acids [e.g., a-aminoisobutyric acid (Aib)],
complete conversion may require 1—2 h. If desired, the acid
fluorides may be isolated and purified, making 2 a benign
substitute for the corrosive reagent cyanuric fluoride. As an
example of the preparative use of 2, easily-racemized!> Z-Phg-
OH'® gave optically pure Z-Phg-F in 69% yield. The optical
purity of the product was established by reaction with proline
amide in CH,Cl; to give Z-Phg-Pro-NH,,>contaminated by less
than 0.1% of the DL-form.

TFFH appears to be an ideal coupling reagent for solid phase
syntheses, being readily available, inexpensive, and capable of
providing crude peptides of high quality. An example is the
assembly of test peptide 4, which, due to the difficult Aib-Aib

H—-Tyr—Aib—Aib—Phe—Leu—NH,
4

coupling, has previously® been used to demonstrate the superior-
ity of HATU'S over HBTU.!¢ Using N,N-dimethylformamide
(DMF) as solvent and a Biosearch 9050 instrument programmed
for 7-min preactivation, 7-min deblocking, and 30-min coupling
[5-fold excess of the acid, 10-fold excess of the base (DIEA)]
for all amino acids except Aib-Aib, for which a 1-h double
coupling was used, 4 was obtained in about 88% yield; purity
of crude product, 92%; amount of des-Aib tetrapeptide, 4%.
By contrast, under similar conditions the earlier syntheses® gave
HATU, 94% purity, and HBTU, 43% purity. The somewhat
less difficult sequence 4 having a Pro-Pro unit in place of Aib-
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Aib was obtained under similar conditions in 78.1% yield, purity
97.6%. Other standard peptide models were obtained similarly
using 4—8 equiv of acid and 30-min coupling times: ACP!®
(87%, purity 92%), prothrombin'? (75%, purity 95%), and
magainin I amide'? (72%, purity 82%). Chloroformamidinium
salt 1 and the corresponding bromo analog lack the general
applicability of 2 as coupling reagents for solid phase synthe-
ses.2%?* The fluoroformamidinium reagent 2 could also be used
as a direct substitute for the preformed acid fluorides in the
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Communications to the Editor

Fmoc/TAEA'® rapid solution synthesis of short peptide
segments'>?’ simply by adding the reagent to the two-phase
mixture.

Finally, TFFH also proved useful for segment condensations
providing 1 equiv of HOAt was present in order to preclude
extensive epimerization.? Results obtained under these condi-
tions were similar to those observed when HATU was used as
the coupling reagent.”?” Thus for the coupling of Z-Phe-Val-
OH to H-Ala-OMe-HCl in DMF via TFFH alone in the presence
of DIEA, NMM, ¢ PS,!6 or TMP,!6 the extent of formation of
the LDL-isomer was about 25%, 23%, 8%, or 6%, respectively.
On the other hand, for the same coupling carried out using
TFFH/HOAUDIEA or TFFH/HOAYTMP, the amount of LDL-
form was 2.0% or <0.1%, respectively. The last-named result
agrees with that observed for coupling via HATU/TMP (<0.1%
LDL-form). The massive extent of epimerization observed in
the absence of additive may be related to the formation of
oxazolone intermediates. Although it is an important property
of urethane-protected amino acid fluorides to resist conversion
to oxazolones in the presence of tertiary organic amines, this
appears not to be the case for peptide segments.?®

Acknowledgment, We are indebted to the National Science
Foundation (NSF CHE-9314038), the National Institutes of Health
(GM-09706), and PerSeptive Biosystems, Inc. for support of this work.
Dr. Salvatore A. Triolo (PerSeptive Biosystems, Inc.) is thanked for
helpful discussions. The National Science Foundation is also thanked
for grants used to purchase the high-field NMR spectrometers used in
this research.

Supplementary Material Available: Experimental procedures for
the synthesis and use of TFFH (10 pages). This material is contained
in many libraries on microfiche, immediately follows this article in
the microfilm version of the journal, can be ordered from the ACS,
and can be downloaded from the Internet; see any current masthead
page for ordering information and Internet access instructions,

JA9435899

(25) Carpino, L. A.; Sadat-Aalaee, D.; Beyermann, M. J. Org. Chem.
1990, 55, 1673. As an example, leucine enkephalin was assembled in CHo-
Cl/5% NayCOs using a 1.5 equiv excess of TFFH, 1-h couplings, and 15-
min deblockings (TAEA). Yield of deblocked peptide, 48%; purity, 93%
(HPLC).

(26) Akaji, Kuriyama, and Kiso have made use of HOAt as additive in
connection with the use of DCIH as a coupling reagent for hindered systems.
See ref 13.

(27) Carpino, L. A.; El-Faham, A. J. Org. Chem. 1994, 59, 695.

(28) The segment-like amino acid derivative N-benzoylphenylalanine is
readily converted by TFFH/DIEA to a solid, mp 82 °C, believed to be the
corresponding oxazolone on the basis of its IR (KBr) (1820 and 1657
cm~!) and '"H NMR spectra. TFFH coupling of N-benzoylphenylalanine
with alanine methyl ester in CH,Cl; in the presence of DIEA or NMM led
to fully racemic Bz-Phe-Ala-OMe ('H NMR analysis) in 80% yield. The
crude product exhibited infrared absorption at 1817 cm™! due to contamina-
tion by the oxazolone.

(29) (a) Boyd, G. V.; Wright, P. H. J. Chem. Soc., Perkin Trans. 1 1972,
909. (b) Goodman, M.; Levine, L. J. Am. Chem. Soc. 1964, 86, 2918.




