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Ne-tert-Butyloxycarbonyl-O-(o-bromobenzyloxycarbonyl)tyrosine has been synthesized and employed in the
solid-phase peptide synthesis of the octapeptide Phe-Lys-Gln-Thr-Tyr-Ser-Lys-Phe, which occurs in the human

growth hormone sequence. :
side product upon its removal in hydrogen fluoride.

In solid-phase peptide synthesis? benzyl protection
of the phenolic hydroxyl group in tyrosine has generally
been employed. This protection is known to be un-
satisfactory since it is not only unstable under the acidic
conditions required for the removal of N%-Boc pro-
tection®™ but also yields a side product,*¢ 3-benzyl-
tyrosine,* when it is removed in hydrogen fluoride.®
Modification of the tyrosine residue in HI' has also
been observed in solid-phase synthesis of tyrosine-
containing peptides.’

We recently proposed use of the very stable Z(o-Br)?
group for the protection of the side chain of lysine.?
We have now successfully applied it for similar pro-
tection of tyrosine in the solid-phase synthesis of the
octapeptide Phe-Lys-Gln-Thr-Tyr-Ser-Lys-Phe (1) cor-
responding to amino acid residues 138-145 in the hu-
man growth hormone molecule.®* Evidence is pre-
sented that this protection is stable and gives no signifi-
cant side product upon its removal in HF.

Quantitative data on the stabilities of protecting
groups commonly used in solid-phase synthesis have
been obtained on acetylated amides of amino acids
with protected side-chain functions.® A comparable
test was carried out with N*acetyl-O-Z(o-Br)tyro-
sinamide by treatment with 509, TFA in CH,CI, for 24
hr. As judged by tle only 19, of the protection was
lost as compared to standard benzyl protection where
at least 509, is lost. The new protecting group was
completely removed in HF in 10 min at 0° and only
a single product was detected. Since the new pro-
tecting group forms a phenolic ester with tyrosine, the
possibility of instability under basic conditions exists.
Therefore, the acetylated amide was treated with 109
diisopropylethylamine in DMT for 24 hr; only about
59, of the protection was lost.

TFor use of the new protecting group in peptide syn-
thesis N*-Boc-0-Z(0-Br)Tyr was synthesized and iso-
lated as its dicyclohexylamine salt. The compound
was treated in HF and amino acid analysis showed a
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The new protecting group for tyrosine was found to be stable and gave no significant
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Figure 1.—Partition chromatography of octapeptide 1 on Seph-
adex G-25; absorbance by Folin-Lowry analysis.

virtually quantitative yield (989) of tyrosine. Octa-
peptide 1, which has already been synthesized by solid-
phase procedures,® was resynthesized with the follow-
ing side-chain protecting groups: Z(o-Br) for Lys?
and Tyr; Bzl for Scr and Thr.

The finished peptide was cleaved from the polymer
and deprotected in HI®!! and purified as described
previously.? The partition chromatography on Sepha-
dex G-25 is shown in Iigure 1. The Ry value of 0.23
is in close agreement with the value of 0.22 previously
reported® for chromatography of 1 under these condi-
tions. - In the previous synthesis of 1, cither with Bzl
protection of tyrosine or Bzl(m-Br) protection, sig-
nificant amounts of side products were observed travel-
ling faster than 1 in the partition chromatography.i2
In the present synthesis only a minute trace of peptide
side product (£ 0.78) could be detected. When pep-
tide 1 from the partition chromatography was then sub-
jected to chromatography on ClI-ccllulose®® only one
peak was obtained (Iigure 2). The overall yield of
highly purified octapeptide 1 was about 869, based on
the starting Boc-Phe polymer, higher than the yields
previously attained.,

Experimental Section

Melting points were determined on a Fisher-Johns block and
are uncorrected. Microanalyses were performed by the Micro-
analytical Laboratory, Department of Chemistry, University of
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Figure 2,—CM-Cellulose chromatography of octapeptide 1.

California, Berkeley. Thin layer chromatography was run on
silica gel in the following solvents: 1-butanol-acetic acid—water,
4:1:1 (BAW); l-butanol-pyridine-acetic acid-water, 30:20:6:
24 (BPAW). Thin layer data cited refer to single spot chro-
matograms unless otherwise noted.

O-(o-Bromobenzyloxycarbonyl)tyrosine.—A solution of tyro-
sine (13.9 g, 77 mmol) in 78 ml of 2 N NaOH was mixed with a
solution of CuSO,-5H,0 (9.4 g) in 39 ml of water, heated to 60°,
and then cooled to 24°. The pH was adjusted to about 5 with
glacial HOAc; the solid was collected on a filter and washed
with water and acetone. This solid was suspended in 1100 ml
of 709 aqueous DMF, and p-nitrophenyl o-bromobenzy! car-
bonate (41.5 g, 118 mmol) and NaHCO; (14.2 g) were added.
The mixture was stirred for 20 hr and the product was collected
on a filter and washed with 759 aqueous DMF, water, and ace-
tone, yield 21.4 g of blue solid. This solid was stirred in 1 N
HCI (300 ml) for 1 hr, filtered, and washed with 1 N HC1 (250
ml), water, and acetone, yield 15.9 g (50%) of colorless solid.
For analysis a sample was recrystallized from 509, HOAc¢c: mp
203-208° dec; tle (BAW) R¢ 0.57 (ninhydrin and chlorine color
developments); [«]2p —4° (¢ 2,809 HOAc).

Anal. Caled for CyH eNO:;Br-H,O (412.24): C, 49.53; H,
4.40; N,3.40. Found: C,49.49; H,4.02; N, 3.82.

Dicyclohexylamine Salt of N2-Boc-O-(o-bromobenzyloxycar-
bonyl)ityrosine.—The dimethyl sulfoxide method! was adapted
for the preparation of the Boc derivative. Thus, O0-Z(0-Br)-
tyrosine (4.12 g, 10 mmol) was dissolved in dimethy! sulfoxide
(50 ml) with 3.4 ml (20 mmol) of DIA, and Boc azidé (2.8 mil,
20 mmol) was added. After 2 hr of stirring, an additional 1.7
ml of DIA was added. A solution was obtained from the initially
gelatinous mixture and this was allowed to stand overnight.
The following work-up was performed at 4°. Water (100 ml)
was added to the solution, which was then washed with 100 ml
of ether. The ether layer was back-extracted with 60 ml of 79,
NaCl. The combined aqueous phases were mixed with 24 ml
of saturated NaCl and extracted successively with 250-, 100-,
and 100-ml portions of ethyl acetate. The combined ethyl ace-
tate extracts were mixed with 150 ml of 129 NaCl and acidified
to pH below 3 with 3 NV HC1 (5 ml). The ethyl acetate layer

was washed with three 100-ml portions of 17% NaCl and then-

dried over anhydrous MgSO, at room temperature. Re-
moval of drying agent and solvent gave 3.9 g of oil which was
dissolved in ether (ca. 35 ml), cooled to 0°, mixed with dicyclo-
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hexylamine (1.6 ml), and diluted at 0° with petroleum ether
(bp 30-60°) (30 ml). Crystallization at 4° gave 5.09 g (759
vield), mp 137-140°, [«] 24D +29.3° (¢ 2.04, absolute EtOH).

Anal. Caled for C3HN,O.Br (675.67): C, 60.44; H, 7.01;
N, 4.15. Found: C,60.52; H,7.08; N, 4.34,

For determination of optical purity a sample (407 mg) was
treated in HF (15 ml) in the presence of anisole (1.5 ml) for 30
min at 0° and worked up as previously described.® Quantita-
tive amino acid analysis for tyrosine gave a 989, yield. De-
termination of optical rotation gave [a]?p —10.2° (¢ 2.13, 1 N
HCI) based on the amount of tyrosine obtainable from the start-
ing sample. The starting tyrosine gave [«]%D —10.3° (¢ 2.07,
1N HCL). :

Ne-Acetyl-O-(o-bromobenzyloxycarbonyl)tyrosinamide —This
compound was prepared by procedures previously described,?
rp 202-204°, tle (BAW) R: 0.80.

Anal. Caled for CpHsN,0:Br (435.28): C, 52.43; H, 4.40.
Found: C,52.36; H, 4.54.

Solid-Phase Peptide Synthesis Procedures.—For the esterifi-
cation step!® Boc-phenylalanine (1.33 g, 5.0 mmol) in 6.5 ml of
methanol was mixed with 7.8 ml of 0.61 N tetramethylammonium
hydroxide in methanol and evaporated in vacuo. The oil was
reevaporated from dioxane and then methanol and dried in
vacuo over P:0; for 5 hr. The salt was treated with 2.52 g of
chloromethylated polymer (0.57 mmol Cl/g) in DMF (25 ml)
for 17 hrat 24°. The resin was filtered off and washed with DMF,
DMF-H,0 (1:1), water, glacial HOAc, water, and EtOH, yield
3.03 g. A sample of the resin deprotected and neutralized gave
an amine content!” of 0.30 mmol/g. An aliquot (1.00 g) of
Boc-Phe polymer was placed in a Beckman Model 990 peptide
synthesizer and treated at 24° by the same schedule for synthesis
as described previously.® Side-chain protecting groups were Bzl
for Ser and Thr and Z(o-Br) for Lys and Tyr. Yield of pro-
tected peptide polymer was 1.54 g,

Phe-Lys-Gln-Thr-Tyr-Ser-Lys-Phe (1).—A portion (655 mg) of
protected peptide resin was treated in HF and then submitted
to gel filtration on Sephadex G-10 as described previously,? yield
157 mg. An aliquot (82 mg) of this material was submitted to
partition chromatography®® on a 2.21 X 59.6 cm Sephadex G-25
column in the solvent system 1-butanol-pyridine-0.1 N agueous
NH,OH containing 0.19, HOAc (4:1:5) with collection of 5.9-ml
fractions as shown in Figure 1. Isolation of material in frac-
tions 38-60 gave 73 mg. This material was chromatographed on
CM-cellulose’ with collection of 10.2-ml fractions as shown in
Figure 2. Isolation of material in fractions 35~43 gave 70 mg of
octapeptide 1 (869 yield based on starting resin and assuming e
1340 for tyrosine at 276 nm in 1 N HOAc): tle (BPAW) R: 0.30,
identical with that of an authentic sample® of 1 (ninhydrin and
Pauly reagents); [a]%p —27° (¢ 0.5, 1 N HOAc) [lit.® [a] 2D
—28°(c0.5,1 N HOA¢)].

Paper electrophoresis in collidine acetate buffer (pH 6.9, 400
V, 4 hr) showed a single spot (ninhydrin and Pauly reagents)
with R 0.55 relative to lysine, identical with that of an authentie
sample’ of 1. Amino acid analyses'® of an acid hydrolysate and a
leucine aminopeptidase digest (pH 8, 24 hr, 37°) gave Lysi.o-
Thry.oSers.oGluy o Tyrs.oPheso and Lysio(Thr + Gln -+ Ser)s.e-
Tyr:.0Phes., respectively.

Registry No.—1, 37440-42-9; O-(o-bromobenzyloxy-
carbonyl)tyrosine, 37440-25-8; tyrosine, 60-18-4; p-
nitrophenyl o-bromobenzyl carbonate, 37440-43-0; di-
cyclohexylamine salt of N*-Boe-O-(o-bromobenzyloxy-
carbonyl)tyrosine, 37440-44-1.
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