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The 19F NMR spectra of fluorobenzyloxycarbonyl and 2-(4-fluorophenyl)-2-propyloxycar-

bonyl amino acids coupled to 1% cross-linked polystyrene by Merrifield solid-phase peptide
synthesis technigues are relatively narrow and offer the potential for studying and moni-

toring the latter syntheses.

1 - L1
Based on 3C NMR results for solvent swollen, cross-linked polystyrene resins , we
9 P s
felt it should be possible to observe the NMR signals from 1 F nuclei incorporated in
amino-protecting groups of amino acid residues attached to such resins by using Merri-

2 . . . cyiqs
field sclid-phase peptide synthesis (SPPS) methodology™ . To investigate this possibility,

we have synthesized some fluoroaryloxycarbonyl aminc acid intermediates. Initially,
fluorobenzyloxycarbonyl amino acids were prepared from basic aqueous-tetrahydrofuran
solutions of amino acids in yields of 40-85% by treatment with the corresponding fluoro~
benzylchlorocarbonates {obtained by phosgene treatment of the corresponding alcohols3).
These amino acid derivatives exhibit singlet proton-decoupled 19F NMR spectra character-
istic of the fluorine position on the ring, i.e., the 2-isomers fall 470-480 Hz upfield,
the 3-isomers 52-65 Hz downfield and the 4-isomers 20~35 Hz upfield from internal 1%
CGHSF in CHCl3 at 94.1 MHz4, These ihtermediates, uponscoupling onto 1% cross—linkecfé
chloromethylated polystyrene beads via the cesium salts”, exhibit relatively narrow F
NMR signals as illustrated in Figure 1. The internal standard C_H_F is seen to be a

65
doublet as is also the C.F_ used for locking. The lower field signal has been identified,

by varying the polymer bZag concentration seen by the probe receiver coil, as due to those
molecules in the solvent outside the polymer beads while the higher field signal must be
due to the molecules diffusing in the resin beads. The following 19F chemical shifts (in
Hz relative to dissclved CGHSF) and line widths (in Hz) for these amino acid-resin systems
have been observed: 2-fluoroderivatives: Gly-resin, -481, 26; Ala-resin, -477, 30; Phe-
resin, —-477, 39; Pro-resin, -478, 30; 4-fluoro derivatives: Ala-resin, —-72, 30; Phe-resin,
-73, 35. Several peptides with terminal 2-fluorobenzyloxycarbonyl amino acid residues have
been prepared by SPPS. These exhibit the following chemical shifts and usually somewhat
narrower fluorine-19 NMR signals6 as illustrated in Figure 1: GlyAla-resin, -476, 17;
PheAla-resin, -484, 16; Glyphe-resin, -496, 34; GlyAlaPhe-resin, -473, 17; PheAlaGly-resin,
-479, 22; AlaGlyPhe-resin, -472, 18; AlarheGly-resin, =475, 20.
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Figure 1. Proton decocupled 19? 94.1 MHz NMR spectra of amino acid
and peptides bonded to 1% cross-linked polystyrene (starting resin "Bio-PReads,”
$-X-1, 200-400 mesh, 1.25 meqg./gm CH,Cl-}; 5 mm O.D. sample tubes of slurries
of swelled resin; CHC13 solvent 0.5% C6H5F and 5% C6F6; for A, B, C, and E, 25
digital, 520 sec. sweeps of 1000 Hz; for D, 50 sweeps of 50 sec. of 2000 Hz;
chemical shifts in Hz from C.H.F: A. 2-F-Z-PheAla-resin, -476 Hz; B. 2-F-Z4-
GlyAla-resin, —-484 Hz; C. 2-F-Z-GlyAlaPhe-resin, -473 Hz; D. 2-F-Z-Phe-resin,
-477 Uz, 4-fluorobenzoic acid-resin on same resin, + 704 Hz; E. Spectrum of
mixture of 27.0 mg 2-F-Z-Gly-resin beads (0.98 meq./gm) with 22.5 mg 4-F-Z-Ala-

resin beads (0.91 meq./gm); integrations from sixteen 20 sec. sweeps.

The acid lability of the fluorobenzyloxycarbonyl (F-Z) amino acids was expected to be

7-9
insufficient to be ultimately useful for SPPS's so syntheses of several 1-(4-fluorophenyl)-

ethoxy—- (of Gly and Ala) and 2-(4-fluorophenyl)-2-propyloxycarbonyl (4-F-Ppoc) amino acids

; . , . . a
were accomplished. Treatment of Triton B syrups of the various amino acids by the corre-

sponding alcohol (4-methoxycarbonylphenyl) carbonatesll afforded these derivatives (in 30-

- . R : 4 ;
70% yields). They exhibit much more rapid acid catalyzed deprotection rates and, in the case

l9F NMR chemical shifts than the

of the 4-F-Ppoc derivatives, substantially greater spread of
corresponding 4-F~Z derivatives (for example, a range of =258 to -410 Hz vs -20 to -35 Hz):
Gly, -270; Ala, -347; Phe, -347; Pro, -381, -410; Val, -374; BAsp, 321; Lys, -258, -260 (bis).
Two of the 4-F-Ppoc intermediates have been bonded to resin beads and these resin-bound
fluorine-19 nuclel in both cases exhibit usefully narrow NMR signals: Gly-resin, -190.2,

30 Hz wide; Phe-resin, -297, 32 Hz wide.



1399

Internal concentration references are easily derived by several approaches so that the
observations and intermediates discussed above may be utilized to follow SPPS's. Two possi=
bilities are illustrated in Figure 1. A 19F NMR probe with a chemical shift different from
that of the l9F in the protecting group and inert to SPPS conditions may be coupled to a
portion of the resin functional groups (Figure 1D). Alternately, resin beads possessing an
inert lgF NMR probe may be added to the resin beads on which the peptide will be synthesized
(Figure 1E). Sensitivity appears not to be a problem because,with the 5 mm NMR sample tubes
and less than optimal probe (it is tuned for 19F and lH and estimated to be less sensitive
than a normal probe by a factor of 10) employed in the present work: it is estimated that

loadings of 0.005 meqg./gm or less can be measured.

These NMR observations offer a new approach for studying steps in SPPS's that proceed
with difficultylz, he diffusion and concentrations of reagents in the resin, the effects of
solvents, such as trifluoroethanol, on couplinng, the optical purity of intermediates and
protected amino acid residues coupled to resins (by use of optically active solvents and
shift reagents)lF and monitoring coupling and deblocking in a nondestructive mannerl . Work

to utilize this approach in syntheses of longer peptide sequences is in progress.

ACKNOWLEDGEMENT. We are grateful for many helpful discussions with the late professor
Robert W. vaughan and dedicate this work to his memory. This work was supported by the JPL
Director's Discretionary Fund, the Caltech President's Fund, a Research Corporation Grant,
Caltech NIH Biomedical Research Support Grant No. RR07003-14, and as one phase of research
at the Jet Propulsion Laboratory under Contract No. NAS7-100 sponsored by the National

Aeronautics and Space Administration.
REFERENCES

1. S. L. Manatt, D. Horowitz, R. Horowitz and R. P. Pinnell, Anal. Chem., in press.

2. B. W. EBErickson and R. B. Merrifield in "The Proteins," Third Edition, Vol. II,
H. Neurath and R. L. Hill, Eds., Academic Press, New York, 1976, pp. 255-527.

3. 8. Sofuku, M. Miyumura and A. Hogitani, Bull. Chem. Secc. Japan, 1970, 43, 177-181.

4. Complete details of the syntheses and characterizations of all the amino acid deriva-
tives discussed here will be reported subsequently. Various fluorobenzyloxycarbonyl
derivatives of Gly, ala, Phe, Val, Pro, Asp and lLys were synthesized. The Val, Pro
and Lys compourids were isclated as dicyclohexylamine salts. Pro derivatives exhibit
two 19 MMR signals due to cis and trans isomers.

5. B. F. Gisin, Helv. Chim. Acta, 1973, 56, 1476-1482,

19 . . : .
6. The F Overhauser enhancement for the derivatives and resin-bound nuclei appears to be

zero in the several cases where it was sought.

7. XK. Bldha and J. Rudinger, Coll. Czech. Chem. Comm., 1965, 30, 585-598,

§. P. Sieber and B. Iselin, Helv. Chim. Acta, 1968, 51, 614-622 and 622-632.




10.

11.

12.

13.

14.

15.

16.

G. A. Matsueda and J. M. Stewart in “"Peptides: Chemistry, Structure and Biology,
Proceedings of the Fourth American Peptide Symposium," R. Walter and J. Meienhofer,
Eds., Ann Arbor Science Publ., 1975, Ann Arbor, Michigan, pp. 333-339.

S. Wang and R. B. Merrifield, Int. J. Protein Research, 1969, 244, 235-244.

V. Gut and J. Rudinger, in "Peptides 1968," E. Bricas, Ed., North-Holland, Amsterdam,
1970, pp. 185-186; K. Brunfeldt, D. B. Bucher, T. Christensen, P. Roepstoiff,

0. Schori, P. Villemoes and I. Rubin in "Chemistry and Biology of Peptides, Pro—
ceeding of the Third American Peptide Symposium,” J. Meienhofexr, Ed., Ann Arbor
Science Publ., 1972, Ann Arbor, Michigan, pp. 183-190; J. M. Stewart and G. A.
Matsueda in ibid., pp. 221-224.

D. Yamashiro, J. Blake and C. H. Li, Tetrahedron letters, {?Z@, 1469-1472,

In the presence of f-a-(l-naphthyl)ethylamine, d2-2- and d¢{-3-fluoro compounds
exhibit two fluorine-19 NMR signals while d&~4-fluoro ones show only a broadened
singlet

G. M. Whitesides and D. W. Lewis, J. Am. Chem. Soc., 1970, 92, 6979-6980; H. L.
Goering, J. N. Eikenberry and G. S. Koermer, ibid., 1971, 93, 5913-5919; H. L.

Goering, J. N. Eikenberry, G. S. Koermer and C. J. Lattimer, ibid., {%z%, 96,
1493~1501.

19 13 - . :

Both ~ 'F and C NMR have been suggested for monitoring peptide syntheses but
previcusly suggested approaches were not direct NMR analyses but involved NMR

studies of peptide cleavage products from resins or of intermediates (E. Bayer,

P. Hunziker, M. Mutter, R. E. Sievers and R. Uhmann, J. Am. Chem. Soc., 1972, 94, 265-
268), solution syntheses (W. Voelter, K. Zech, W. Grimminger, E. Breitmaier and

G. Jung, Chem. Ber., }gzg, 105, 3650-3657), or peptide syntheses on soluble polymer
supports (D. Leibfritz: W. Mayr, R. Oekonopulos and G. Jung, Tetrahedron, }?7?, 34,
2045~2050).

(Received in USA B January 1980)



