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Netert-Butyloxycarbonyl-Ni-formyltryptophan has been synthesized and used for the solid-phase synthesis of
the heptapeptide Gly-Ala-Arg-Gly-Ala-(formyl)Trp-Gly which was isolated in high yield. Removal of the
formy! group in 0.01 M7 ammonium bicarbonate buffer of pH 9 was accompanied by an unexpected side reaction,

but this could be greatly diminished by use of 1 M buffer.

The overall yield of the deprotected heptapeptide was

substant.ially higher than in a parallel synthesis where tryptophan was not protected. The formyl group can also
be effectively removed with little side reaction in liquid ammonia containing hydroxylamine hydrochloride.

Synthesis of tryptophan-containing peptides has
been handicapped by lack of a protecting group for the
indole side chain. Destruction of tryptophan in syn-
thesis has generally been regarded to occur during the
acid treatments for removal of protecting groups.
Butylation of the indole moiety during this step con-
stitutes a serious danger.? Use of HCl-acetic acid
together with mercaptoethanol as scavenger? have been
recommended as deprotecting agent for removal of the
N<=-Boe group,* but it has been reported recently that
these tactics are ineffective in solid-phase peptide syn-
thesis and lead to a heterogeneous product.? On the
other hand, use of HCl-formic acid as deprotecting
agent gave a nearly homogeneous peptide.’ Since
reversible modification of tryptophan with the formyl
group has already been described,® the conclusion was
reached that this protection might be suitable in pep-
tide synthesis, We wished to explore this possibility
under our synthetic conditions as part of efforts to
develop a complete set of side-chain protecting groups
for use with N*-Boc protection in solid-phase synthesis
of peptides” We have now synthesized the model
heptapeptide Gly-Ala-Arg-Gly-Ala-Trp-Gly (I) with
and without formyl protection of tryptophan and have
found the protection to be well suited for peptide syn-
thesis. Removal of the formyl group led to unexpected
side reaction but conditions were established to reduce
this to a minimum,

One of the most reliable means for removal of the
N=-Boc group in solid-phase synthesis has been 50%
trifluoroacetic acid in dichloromethane.® The re-
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agent was not recommended for tryptophan-containing
peptides.®? We decided to synthesize peptide I with
use of this reagent to ascertain the extent of the prob-
lem, Boc-Glycyl resin was prepared by a modified
Loffet procedure.l®'! N%Boc protection was used
along with NC-tosyl protection of arginine. Removal!?
of protecting groups and the solid support in HF gave
a produet which proved to be heterogeneous on gel
filtration on Sephadex G-10 (Figure 1a). The fast-
moving side-produet (Figure 1a) was purified in car-
boxymethylcellulose!? and gave an ultraviolet spectrum
similar to that reported for peptides containing an
altered tryptophan residue’ Peptide I required fur-
ther purification on carboxymethylcellulose and by
partition chromatography!* on Sephadex G-25 before
its igolation in highly purified form® (yield ca. 23%
based on starting Boe-glyeyl resin.).

It has been shown that Ni-formyltryptophan or s
suitable derivative is stable in solution under the acidic
and basic conditions used for solid-phase synthesis in-
cluding treatment with HF.>* We therefore decided to
attempt synthesis and isclation of the formyl derivative
of I, namely Gly-Ala-Arg-Gly-Ala-(formyl)Trp-Gly
(II). TFor this purpose N*-Boc-Ni-formyltryptophan
was required. This derivative was prepared from
Niformyltryptophan® by the dimethyl sulfoxide pro-
ceduret® and isolated as its crystalline dicyclohexyl-
amine salt. Its ultraviolet spectrum was in agreement
with that expected for a derivative of Ni-formyltrypto-
phan. Synthesis of II was carried out by procedures
entirely analogous to those used for synthesis of I, in-
cluding treatment of the finished peptide resin with
HF. Gel filtration of the product on Sephadex G-10
gave a single peak (Figure 1lb). Further chromatog-
raphy on carboxymethylcellulose in which only a single
peak was detected gave peptide II in highly purified
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Figure 1.—Gel filtration on Sephadex G-10 in 1 N acetic acid:
A, crude peptide 1 (280 nm); B, crude peptide II (300 nm).
Column size, 1.87 X 42.3 cm.

form with a yield of about 889, (based on starting Boc-
glyeyl resin), substantially higher than in the synthesis
of I. Its ultraviolet spectrum is characteristic of that
of Ni-formyltryptophan and its derivatives.

Partition chromatography on Sephadex G-25 proved
to be an effective means for the separation of peptides
I and I1, as shown in Figure 2. Since chromatography
of IT alone by this procedure gave only a single peak
with no detectable trace of peptide I as contaminant,
we concluded that the synthesis of II was achieved
without loss of the formyl protecting group. Further-
more, the good yield and high degree of purity in which
peptide IT was secured show that the protected indole
moiety was stable under the synthetic conditions em-
ployed.

The formyl group is removed under basic conditions
and its course is conveniently followed® by disappear-
ance of the strong 300 nm absorption. When peptide
II was treated in 0.01 M NHHCO; buffer of pH 9 for
8 hr, partition chromatography of the product gave
two peaks of similar size. In addition to the desired
peptide I, a substantial side product was observed.
Although this side produet appeared on the chromato-
gram in the same position as peptide II, its ultraviolet
spectrum was characteristic of tryptophan and it was
clearly a new peptide. The amino acid composition of
a toluenesulfonic acid hydrolysate' was identical with
I.  Its electrophoretic behavior was that of a substance
less basic than either T or II. It gave positive reactions
to Ehrlich and Sakaguchi reagents, but it was negative
to ninhydrin. These results taken together indicated
that the side product was identical with peptide I with
the exception that the amino group was blocked. This
would suggest that in the treatment of II at pH 9 the
amino group can serve as nucleophile for removal of the
formyl group.

Although it is evident that removal of the formyl
protection might be effected without side reaction if the
amino group were protected, we directed our efforts
toward finding conditions for deprotection in the pres-
ence of the amino group. When peptide IT was treated
in 1 M NHHCO; buffer of pH 9 for 24 hr, partition
chromatography of the product (Figure 3) showed
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Figure 2—Partition chromatography on Sephadex G-25 of a
mixture of peptides 1 (1.87 mg) and II (2.00 mg) in solvent sys-

tem B (see Experimental Section): 280 nm, 0—O0—0; 300 nm,
®9®®; Vg = hold-up volume. Column size, 1.89 X 37 om.
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Figure 3.—Partition chromatography on Sephadex G-25 of
peptide II after treatment with 1 M NHHCO; buffer of pH 9
for 24 hr: 280 nm, 0—0—0; 300 nm, @@ &; Vg = hold-up
volume; solvent system B.  Column size, 1.89 X 37 cm.

very little side product (less than 8.5%) and the ma-
jor product of deprotection was found to be identical
with peptide I synthesized without protection of trypto-
phan. The overall yield of I through protection and
deprotection of tryptophan was about 709, (based on
starting Boe-glycyl resin), considerably higher than the
vield where tryptophan was unprotected.

The formyl group ean also be removed by treatment
with liquid ammonia. However, peptide II again
gave the aforementioned side product (co. 19%) in
addition to peptide I as the major product. When
the reaction was carried out in the presence of added
hydroxylamine hydrochloride the extent of side product
was reduced to about 5%,.

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
California, Berkeley. Thin layer chromatography was run on
silica gel in l-butanol-pyridine-acetic acid-water, 30:20:6:24
(BPAW). Chloromethylated styrene-divinyl benzene resin
(Bio-Beads 8-X-1, 200-400 mesh, 0.69 mmol/g, Bio-Rad Lab-
oratories) served as starting material for synthesis.

Partition chromatography on Sephadex G-25 (100-200 mesh
block polymerisate) was performed on a 1.89 X 37 em column
by procedures previously described.'* Solvent systems used
were l-butanol-ethanol-0.2 M aqueous ammonium acetate
(3:1:4, pH 7.6) (solvent system A) and the same system with pH
adjusted to 6.2 with glacial acetic acid (solvent system B).
Fractions of about 2.8-3.0 ml were collected and were appro-
priately diluted with 509, ethanol to measure absorbance at
280 or 300 nm. Isolation of peptide material was performed in
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the usual manner with the exception that repeated lyophilization
was required to remove ammonium acetate.

Carboxymethyleellulose chromatography was performed in a
1.23 X 44 cm column with an initial buffer of 0.01 M ammonium
acetate of pH 5. After elution with 100 ml, a gradient with re-
spect to pH and salt concentration was started by introducing
0.1 M ammonium acetate through a 500-ml mixing chamber con-
taining starting buffer. In procedure A the 0.1 M buffer had
pH 7.1, while in procedure B this buffer was adjusted to pH
6.3 with glacial acetic acid. Peptides were detected spectro-
photometrically at either 280 or 300 nm.

Ne-tert-Butyloxycarbonyl-Ni-formyltryptophan Dicyclohexyl-
amine Salt.—A mixture of Ni-formyltryptophan hydrochloride®
(2.7 g, 10 mmol), diisopropylethylamine (6.0 ml, 35 mmol), and
Boe-azide (15 mmol) was stirred in dimethyl sulfoxide (33 ml)
overnight at room temperature. The resulting solution was
diluted with cold water (175 ml) and washed with two 100-ml
portions of ether. The aqueous layer was acidified with citric
acid (15 g) with cooling, and the product was extracted with two
100-m! portions of ethyl acetate. The combined ethyl acetate
layers were washed with three 50-ml portions of water and dried
over anhydrous MgSO,. Removal of drying agent and solvent
gave 3.5 g of oil. Conversion to the crystalline salt was effected
at 4° in anhydrous ether (30 ml) with dicyclohexylamine (2.25
ml}, yield 4.1 g. For recrystallization a sample (1.03 g) was dis-
solved in CHCl; (4 ml) and evaporated in vacuo to an oil which
was immediately taken up in anhydrous ether (10 ml) and stored
at 4°; the product was collected and the process was repeated to
give 0.78 g (60% yield), mp 121-124° dec, [a]%p +435.5° (¢ 2,
absolute ethanol}. ‘

Anal, Caled for CoHeN:05 (513.68): C, 67.81; H, 8.44;
N, 8.18. Found: C, 67.57; H, 8.28; N, 8.20.

The ultraviolet absorption spectrum, taken at 270-330 nm in
absolute ethanol, showed the characteristics of Ni-formyltrypto-
phan and its derivatives.®® The ratio of the absorbance at 300
nm to that at 280 nm was 1.59. For use in synthesis the free
acid was obtained from the salt by standard procedures.

Solid-Phase Peptide Synthesis Procedures.—Boc-glycyl resin
was prepared by a modification® of the Loffet method. A sam-
ple of the resin deprotected and neutralized gave an amine con-
tent® of 0.40 mmol/g.

For synthesis of peptide I, Boc-glycyl resin (0.73 g, 0.30 mmol)
was carried through the same schedule of operations recently
described. N@.Boc protection was used throughout along with
tosyl protection for the side chain of arginine. For the coupling
of Boc-tryptophan, 5% DMF in CHyCl; was used as solvent.
Yield of protected peptide I polymer was 0.97 g.

For synthesis of peptide II, Boc-glycyl resin (1.01 g, 0.40
mmol) was carried through the same aforementioned procedures
with the exception that the coupling of Boc{formyltryptophan
could be effected in CH,Cl, alone. Yield of protected peptide
II polymer was 1,34 g.

Peptide I.—Protected peptide I resin (5056 mg) was treated
with 15 m! of liquid HF for 30 min at 0° in the presence of anisole
(0.5 ml). After removal of the HF the dried resin mixture was
extracted with trifluoroacetic acid (10 ml) and filtered. The
filtrate was evaporated in vacuo and after the addition of glacial
acetic acid (10 ml) further evaporation gave an oily residue
which was taken up in 1 N acetic acid (5 ml), The aqueous solu-
tion was washed with two 5-ml portions of ether, concentrated
tn vacuo to a smaller volume, and applied to a 1.37 X 42.3 cm
Sephadex G-10 (40-74 p) column. Elution with 1 N acetic acid
and the collection of 1.53-ml fractions gave the results shown in
Figure la. Isolation by lyophilization of the material repre-
sented by the slower moving peak (fractions 31-42) gave 63.2
mg. This material was submitted to chromatography on car-
boxymethylcellulose (procedure A); a large peak was detected
(130 ml after buffer change) along with two minor peaks. Isola-
tion of material represented by the large peak gave 35.5 mg.
This material was resubmitted to chromatography on carboxy-
methylcellulose (procedure A) to give 32.1 mg. An aliquot
(25.9 mg) of this material was subjected to partition chromatog-
raphy on Sephadex G-25 in solvent system A to give a major peak
with R; 0.15 along with a minor peak with R; 0.50. Isolation of
material represented by the major peak gave 19.2 mg of highly
purified peptide I (ca. 23% yield based on starting Boc-glycyl
resin): tle (BPAW) R; 0.32; [a]2p —59.5° (¢0.40,0.5 N acetic
acid).

(18) B. F. Gisin, Anal. Chim. Acta, 88, 248 (1972),
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Paper electrophoresis in pyridine acetate buffer (pH 3.7, 400
V, 4 hr) showed a single spot (ninhydrin and Ehrlich reagents)
with Ry 0.56 relative to lysine. The ultraviolet spectrum, taken
at 240-320 nm in 0.5 N acetic acid, showed the characteristics of
a tryptophan spectrum. Amino acid analyses of a toluenesul-
fonic acid hydrolysate!” and a leucine amino peptidase digest
(pH 8, 24 hr, 37°) gave Trp;.1Arg.¢Gly;..Ala,.o for both,

Material represented by the faster moving peak in Figure la
(fractions 19-25: isolated material, 20.1 mg) was submitted to
chromatography on carboxymethylcellulose (procedure A).
After elution with 300 ml of the 0.1 M buffer the gradient was
increased by use of 0.2 M ammonium acetate. The major peak
appeared 120 ml after this buffer change. The isolated peptide
(17.1 mg) gave an ultraviolet spectrum, taken at 240-320 nm in
0.5 N acetic acid, with absorbance maximum at 284 nm, a mini-
mum at 255 nm, and similar in appearance to that previously
reported for peptides containing an altered tryptophan residue.

Peptide II.—Protected peptide II resin (503 meg) was treated
with HF and worked up in the same manner as just described for
peptide I.  Gel filtration of the product on Sephadex G-10 in the
same manner gave g peak (fraction 26) with an apparent shoulder.
All the detectable peptide material (300 nm) was isolated and re-
submitted to gel filtration (Figure 1b) to give 111.3 mg (fractions
22-36). An aliquot (60.1 mg) of this material was subjected to
chromatography on carboxymethylcellulose (procedure B) to
give only one peak (135 ml after the buffer change) and isolation
of material represented by this peak gave 49.7 mg of highly
purified peptide II (ca. 88% yield based on starting Boc-glycyl
resin): tle (BPAW) E¢ 0.32; [a]**p —50.5° (¢ 0.46, 0.5 N acetic
acid),

Paper electrophoresis in pyridine acetate buffer (pH 3.7, 400
V, 4 hr) showed a single spot (ninhydrin positive and Ehrlich
negative) with B 0.52 relative to lysine. Partition chromatog-
raphy of a sample (2.05 mg) on Sephadex G-25 in solvent system
B gave one peak with R 0.19 and no detectable trace of material
corresponding to the position of peptide I (R; 0.15). The ultra-
violet spectrum of II, taken at 270-330 nm in 0.5 N acetic acid,
showed the characteristics of Ni-formyltryptophan and its de-
rivatives. The ratio of the absorbance at 300 nm to that at
280 nm was 1.57. Amino acid analysis of a toluenesulfonic acid
hydrolysate gave Trpo.sArg:.oGlys.cAlas.s; removal of the formyl
group under strong acidic aqueous conditions is known (see ref 6).

Conversion of Peptide II to Peptide I. Deprotection of
Tryptophan.—A sample (31.4 mg) of peptide II from the Sepha-
dex G-10 gel filtration step was dissolved in 9.0 ml of 1 M NH,-
HCO; buffer of pH 9.1 and allowed to stand at 24° for 24 hr,
The material was lyophilized three times to remove volatile salts
and subjected to partition chromatography on Sephadex G-25
in solvent system B as shown in Figure 3. The side product
with B¢ 0.18, which appeared to be contaminated with a small
amount of unreacted starting peptide II, represented about 8.5%
of the total detectable material in the chromatogram. The R
value of 0.14 for the large peak is in close agreement with the
known position of peptide I (see Figure 2) and isolation of ma~
terial corresponding to this peak (fractions 65-80) gave 19.9 mg
of I (ca. 70% yield based on starting Boc-glyeyl resin). This
material was identical with that from the preparation of I de-
scribed above on thin layer chromatography, paper electro-
phoresis, ultraviolet spectral analysis, and optical rotation.
Amino acid analysis of a leucine amino peptidase digest gave
Trp.oArgo.sGlys. Alas s,

Treatment of Il on Dilute Buffer.—A sample (8.75 mg) of
peptide II was treated in 10 ml of 0.01 M NI HCO; buffer of pH
9 until the absorbance at 300 nm had declined to 15% of its
starting value (8 hr). The solution was lyophilized and sub-
jected to partition chromatography on Sephadex G-23 in solvent
system A. Two well-separated peaks of similar size were ob-
served at 280 nm with R¢ values of 0.19 and 0.15, the latter cor-
responding to peptide 1. Isolation of material corresponding to
these peaks gave 3.3 mg for each. )

The side product, which had R 0.19, exhibited the typical
ultraviolet spectrum of tryptophan and gave positive responses
to both Ehrlich and Sakaguchi reagents but negative to ninhy-
drin. Paper electrophoresis run under the same conditions as
previously mentioned gave a major spot (Ehrlich) with R 0.2
relative to lysine and travelling slower than either I or II. ’I:hm
layer chromatography gave a major spot with Er 0.42 (Ehrhcl_l)
and travelling slightly faster than either I or II. Amino acid
analysis of a toluenesulfonic acid hydrolysate gave Trpo.sArgoe.e-
Glys.oAlag,e.
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Treatment of II in Liquid Ammonia.—A sample (3.3 mg) of
11 was stirred in ca. 20 ml of liquid ammonia for 2 hr at —60°;
after which time the solution was allowed to evaporate to dryness
at the boiling point. Residual ammonia was removed ¢n vacuo
and the product was subjected to partition chromatography on
Sephadex G-25 in solvent system B. Two peaks were detected
at 280 and 300 nm with R: values of 0.19 and 0.15, the latter
being the major peak and corresponding to peptide I. The
smaller peak with K; 0.19 was apparently the same aforemen-
tioned side product and represented about 199 of the total de-
tectable material on the chromatogram.

In a second run a sample (1.9 mg) of IT was treated in the same
manner with the exception that hydroxylamine hydrochloride
(16.7 mg) was present. Partition chromatography in the same
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manner gave a major peak with R 0.15 corresponding to peptide
I and a very small peak with R: 0.19 corresponding to side prod-
uct. The latter represented about 5% of the total detectable
material in the two peaks.

Registry No.—N<%-tert-Butyloxycarbonyl-Ni-formyl-
tryptophan . dicyclohexylamine salt, 40463-72-7; N'i-
formyltryptophan hydrochloride, 38023-86-8; peptide
I, 40463-74-9; peptide I, 40463-75-0,

Acknowledgment.—We thank Mr. Kenway Hoey
and Mr. W. F. Hain for their skilled technical assistance.
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The #n vitro decorposition of S-methylmethioninesulfonium salts (SMM) wag studied in neutral, basie, and

acidie aqueous solutions.

The previously reported formation of dimethy! sulfide and homoserine (via its lactone)

wag verified. A new mode of self-destruction of SMM was discovered, i.e., a nucleophilic attack by the dimethyl
sulfide on one of the methyl groups of SMM with formation of trimethylsulfonium salt and methionine. The
intermolecular demethylation of SMM was favored over the intramolecular decomposition to homoserine lactone
with increasing acidity of the medium. Sodium thiosulfate effectively demethylates SMM in aqueous solution.

The S-methylmethioninesulfonium salts (SMM, 1),
the analogs of ‘“‘active methionine’” or S-adenosyl-
methioninesulfonium salts®:? (SAM, 2), are of consid-
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erable interest biologically and medicinally. SMM is
enzymatically synthesized from SAM and methionine
in jack bean roots,® and can in turn be utilized as sub-
strate by several methyl transferases.t® SMM is
widely distributed in nature and has been reported as a
constituent. of milk,® potatoes,” sweet corn,® soybean,?
asparagus,'® and cabbage.!* Several reports have im-
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plicated SMM (vitamin U) in the prevention of ulcers
of shay in rats,*? of ulcers and of certain hepatic dis-
orders in humans,'® and of dietary hypercholesterol-
emia in rabbits. 4 ‘

In vitro syntheses of various SMM salts have been
described, = and the pK values of the chloride have
been measured.® MecRorie, ef al.,** reported the for-
mation of homoserine (5, Scheme I) and of its lactone 3
(as hydroiodides) when an agueous solution of SMM
iodide was heated for 12 hr in an autoclave at un-
specified temperatures. Challenger and Hayward
studied the decomposition of SMM in hot aqueous
alkaline solution and reported the formation of di-
methyl sulfide, homoserine, and methionine sulfoxide,
which they regarded as the result of an oxidation of
methionine. These authors'® assumed that SMM de-
composed - by two paths: (1) formation of dimethyl
sulfide and homoserine; (2) formation of methanol and
methionine. Subsequently, Witkop and his co-
workers'® provided evidence for the initial formation of
homoserine lactone (3) in the decomposition of SMM.

This paper describes an investigation of the be-
havior of SMM salts in aqueous solutions at neutral,
basic, and acidic pH’s, as a necessary first step in the
elucidation of the much more complex behavior of
SAM.
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